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ABSTRACT 

Patents are an important source of information on the potential 

commercialization of augmented heat transfer technology. This report 

presents a bibliography of U.S. patents pertinent to that technology. I 

The total number of patents cited is 454. They are presented in three 

separate lists: by patent number, alphabetically by first inventor, 

and by augmentation technique (with secondary arrangement according 

to mode of heat transfer). 



INTRODUCTION 

This repo'rt describes U.S. patent literature on heat transfer 

augmentation or enhancement. Basically, heat transfer augmentation 

techniques permit the design of more efficient, more compact, or 

less costly heat exchange equipment. Manytechniques have made the 

transition from the laboratory to full-scale industrial equipment. 

This transition is documented by three types'of technical literature: 

technical papers and reports, patents, and manufacturers' information. 

The present report is the second edition of a bibliography of' U. S. 

Patent literature. 'The first report, published in 1980 . [ I ] ,  contained 

references to 321 patents. The present report contains all of the 

information in that report plus 133 new U.S. patents. Patents with 

issue dates up to June 30, 1983 are included. 

This U.S. patent report is complementary to a bibliographic 

report on journal and conference papers [ 2 ] .  That report contains 

3,045 references. 

The present report classifies the patents in three ways. The 

first two are by patent number and by name of the first named inventor. 

The third compilation is similar to that used in Reference 2, in that 

the patents are classified by augmentation technique, mode of heat 

transfer, and geometry. The modes include single-phase, boiling, and 

condensing heat transfer. Mass t.ransfer i~ included for completeness 

as well as its relevance, by analogy, to augmentation of single-phase 

flows. The techniques are divided into two basic categories: passive 

and active techniques. Passive techniques employ special surface 



geometries or fluid additives and do not require external power for 

their effect. The active techniques require external power to accom- 

plish the augmentation. Brief descriptions of the two technique 

classifications follow. 



/' . . 
AUGMENTATION TE~HNIQUES . . , 

/ . . 
/ 

Passive Techniques 

/ Treated 'surfaces involve f ine7scale  a l t e r d t i o n  of t h e  surface. 

f i n i s h  o r  coatings (continuous o ~ d i s c o n t i n u o u s )  , and a r e  normally 

used fo r  boi l ing and condensing. When used f o r  single-phase forced 

convection, the  roughness s i z e  i s  usual ly  l a rge r .  

Rough surfaces a r e  produced i n  many configurations ranging from. 

random sand-grain-type roughness t o  d i s c r e t e  protuberances. For p.ur- 

poses of t h i s  repor t ,  t he  roughness i s  i n t eg ra l  t o  t he  h e a t . t r a n s f e r  

surface.  The configuration i s  generally chosen t o  promote turbulence 

ra ther  than t o  increase the  heat  t r ans f e r  surface area.  ~ ~ p l i c a t i o n  of 

rough surfaces is  usually di rected toward single-phase flow. 

Attached promoters include types of d i s c r e t e  roughness t h a t  a r e  

not in tegra l  t o  the  heat  t r ans f e r  surface.  A good example is  the  wire 

c o i l  i n s e r t  used i n  c i r cu l a r  tubes. 

Extended surfaces a r e  routinely employed i n  .many heat exchangers 

t o  provide increased surface area.  Current enhancement e f f o r t s  a r e  

di rected toward new types of extended surfaces,  such as i n t eg ra l  inner- 

f i n  tubing, and improvement of heat  t r ans f e r  coef f ic ien t s  on extended 

surfaces by shaping o r  perforat ing the  surfaces.  

Displaced enhancement devices a r e  inser ted i n t o  the  flow channel 

G O  as t o  i nd i r ec t l y  improve energy t ranspor t  a t  t he  heated surface.  

They a r e  used with forced flow. 

Formed channels a r e  typ i f ied  by corrugated p l a t e s  used i n  p la te - f in  

heat  exchangers. The surface d i s t o r t i on  i s  much grea te r  than t h a t  typ ica l  



of.roughness. The surface deformation causes mixing by secondary flows. 

Surface area increase usually is not a significant factor, although three- 

dimensionally deformed tubes, also included in this classification, can 

provide a surface,area increase of up to 30%. Formed channels provide 

enhancement to the fluid flowing on each side of the channel. 

Swirl flow devices include a number of geometrical arrangements 

or tube inserts for forced flow that create rotating and/or secondary 

f 1 . 0 ~ :  inlet v~rtex generators, twisted-.tape inserts, and axial core 

inserts with a screw-type winding. 

Surface terivion devices involve wicks or grooved surfaces to 

transport liquid in hoiling and condensing systems. 

Additives for liquids include solid particles or gas bubbles in 

single-phase flows and liquid trace additives for boiling systems. 

Additives for gases aic liquid droplets or solid particles. Solid 

additives may be either dilute phase (gas-solid suspensions) or dense . 

phase (packed tubes and fluidized beds). 

Active Techniques 

Mechanical aids invoive stirring the Ilu-id by mechanical mearro 

or rotating the surface. Surface "scraping," widely used for viscous 

liquids in the chemical process industry, can be applied to duct flow 

of gases. Equipment with rotating heat exchanger ducts is found in 

commercial practice. 

Surface vibration at either low or high frequency has Been.used 

primarily to improve single-phase heat transfer. 



Fluid vibration is the more practical type of vibration enhance- 

ment due to the mass of most heat exchangers.' The vibrations range 

from pulsations of about 1'Hz to' ultrasound. Single-phase fluids are 

of primary concern. 

~lectrostatic fields (d. c. or a. c .) are applied in many different 
. . 

ways to dielectric fluids. Generally speaking, electrostatic fields 

can be directed to cause greater ,bulk mixing of fluid in the vicinity 

of the heat transfer surface. 

Injection is utilized by supplying gas through a porous heat 

transfer surface to a flow of 'liquid, or by injecting the same liquid 

upstream of the heat transfer section. The injected gas augments . 

single-phase flow. Surface degassing of liquids may produce similar 

effects. 

Suction involves vapor removal, in nucleate or film boiling, or 

.fluid withdrawal, in single-phase flow,.through a porous heated surface. 

Two or more of the above techniques may be used simultaneously 

to produce an enhancement that is larger than any one of the techniques 

operating.separately. This is termed compound enhancement. 
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The patents cited in this report are organized according to the 

following coding system. 

Techniaue 

01 Treated surfaces 

02 Rough surfaces 

0 3  Attached promoters 

04 Extended surfaces 

05 Displaced enhancement devices 

Formed channels 

Swirl flow devices 

Surface tension devices 

Additives for liquids 

Additives for gases 

Mechanical aids 

Surface vibration 

Fluid vibration 

14 Electrostatic fields 

15 Injection or suction 

16 Compound enhancement 



Mode of Transfer 

1 Single-phase natural convection 

2 Single-phase forced convection 

3 Pool boiling 

4 Flow boiling 

5 Condensation 

6 Mass transfer 

Geomctry Claooification 

A Inside. tubes 
. , , . 

B Outside tubes--gases 
..- 

C .outside tubes--liquids 

D Plate-type heat exchangers 

E Fin-Zype heat exchangers 
, . 

F Other geometries 
. , . .. . .. . 

For cxamplc, a code of 023C indicates a rough surface 10i puol 

boiling, with the roughness on the outer surface of a tube. It should 

be noted that this classification is slightly different from that 

used in Reference 2. ' 

1 



CITATION COLLECTION 

The present compilation contains patents issued through June 1983. 

The collection was developed over the previous 14 years., An intensive 

"hands on" search of patents on file at the U.S. Patent,Office was .. 

performed for the first edition of the report [ I ] .  

Because there are more than 10,000 patent subclasses, it-was 

necessary.to develop a logical approach to define which subclasses 

were worthy of search. The patent subclasses selected for search 

were established by several parallel efforts. First, the U.S. Patent 

Office Class Definitions, which lists and describes the subclasses 

within each patent class, was reviewed. Study of this document 

suggested potentially fruitful areas. Second, a patent law firm was 

consulted for guidance. The final and most successful method involved 
,: '; 

an iterative search method. At the beginning of the intensive search, 

there were approximately 100 patents on file. A "frequency distribution 

table" that defined the classes/subclasses of those patents was made. 

The patents themselves also provided some cross-reference information. 

This worksheet table, along with the previously indicated fruitful areas, 

identified the initial classes/subclasses to be searched. In addition, 

current issues of the biweekly Official Patent Gazette, which publishes 

abstracts of new patents, were monitored during the search period. This 

publication was the primary source of recent patents for the second 

edition. 

Copies of approximately 900 patents were ordered from the Commis- 

sioner of Patents and Trademarks, Washington, D.C. The patents were 
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then carefully reviewed for relevance and cataloged by the previously 

described coding system. 

Table 1 shows the classes/subclasses from which patents have been 

obtained. Column 3 shows the number of patents in the final listing 

associafed with'each subclass. This frequency of occurrence informa- 

tion may be helpful to those who wish to perform a similar patent search. 

The titles, taken from the currenL Mauiial of Classification,,[3], 

give some idea of the features of each iuveiltiun. It is noted that 

some titles 'are sot given; This means that they ,have been deleted 

from tlie Manual of Classification, as part of the continuing effort 

'.to refine the ,classification. ''Older Manuals that contain the neces- 

sary information were not available. The "no class" patents at the 

end of Table 1 refer to patents which contain no classification infor- 

,mation on Lhe paLent copy. 

. . The final list in'this report contains 486 entries obtained from 
..". 

454 separate patents. There 'are 31 patents for which more Llla~i o m  

technique-mode is appropriate; one patent actually has three technique- 
. . . .  . . 
'mode entries. Copies of the patents are filed in the ~echanical 

Engineering Department at Pennsylvania State University and in the 

Heat'Traosf~r Tahnratory at Iowa State University. 

A computer program was employed to store and process the bibli- 

ographic information. An existing Perm SLate computer program, 

"Bibliographic and Grouping System" (BAG) was employed. BAG is 

designed to handle general bibliographic tasks involving categoriza- 

tion schemes. 



A patent entry, typical of those listed in this bibliography 

file, is given below: 

3,587,730 Milton, R. M. 

1971 June 28 - 

165/110 

(patent number and inventor) 

: (date of patent issue) . 

(patent class/subclass) 

013C .(technique-mode-geometry 
classification) 

Heat Exchange System with ' (title) 
Porous Boiling Layer . . 

Assignees are also identified (opposite the date of issue) for the 

patents added subsequent to the first edition of the report. The com- 

puter file was used to generate the three output listings rontained in 
. . ,  

this report. These are: 

1. Chronological listing by patent number. 

2. Alphabetical listing by first listed inventor. 

3. Technique-mode-geometry classification listing. . . .  

Table 2 shows the distribution of patents within each technique-mode 

classification. The 32 multiple listings are reflected in this table. 

Augmentation techniques for , single-phase . forced convection comprise 60% 

of the  patent.^ in the filc; 88% ,of the paLents Involve the "passive 

techniques." Virtually all of the "passive techniques" involve special 

surface geometri,es.. 

Figure 1, which.shows the number of filed patents issued by year 

since 1928, indicates that U.S. patent activity relevant to heat transfer 

augmentation has continued on a high level since 1965. During the 

five-year period of 1978-1982, more than 20 patents per year were 

granted. 



Figure 1. Patents on heat transfer augmentation 
versus year sf publication. 



CONCLUDING REMARKS 

The present report documents a continuing effort to identify 

and classify patent literature on heat transfer augmentation tech- 

nology. While the bibliography should be useful in its present 

form, several modifications and improvements might be considered 

in future versions. The bibliography should be annotated to provide 

a concise description of the techpology. This would pin-point more 

closely the patent copies that the reader might wish to obtain. In 

addition, foreign patents should be added, as they frequently cover 

techniques that are not given concurrent U.S. patent protection. 

Given the somewhat random nature of patent searches, there are 

undoubtedly other patents which could be added to this bibliography. 

The compilers would be grateful if additional patents could be directed 

to their attention at Iowa State University. 
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Table 1. 

Number of Patents 
Located with 
this Primary 

Class Subclass Classification Title 

2 APPAREL 
7 1 .For wearer's head ..Heat resis- 

tant 
2 3 CHEMISTRY, ANALYTICAL AND 

PHYSICAL PROCESSES 
258.5BH 1 

2 9 METAL WORKING 
576 1 SEMICONDUCTOR OR BARRIER LAYER 

DEVICE MAKING 
Process of making 

597 1 PROCESS OF MECHANICAL MANUFAC- 
TURE 
.Electric devices ..Dynamoelec- 
tric machine making ... Commuta- 
tor or slip ring assembly 

.Gas and water ..Radiators 

.... Finned tubes 

.... Helical finned tubes 

.... Plural finned tubes 

..Boilers, headers and tubes 

.Shaping one-piece blank by 
removing material ..Successive 
removal operations 
DRYING A.Nb GAS OR VAPOR CONTACT 
WITH SOLIDS 
APPARATUS .Rotary drums or 
receptacles ..External ... Heat 
exchange fluid supply and/or 
removal 
ABRADING 
ACCESSORIES .Cooling ..Wetting 
grindstones 
POWER PLANTS 
REACTION MOTOR .Method of 
operation ..By chemical reaction 
... Injecting mixture of fuel and 
oxidizer into the reaction zone 
REFRIGERATION 
VORTEX TUBE 



Table 1. Continued. 

Number of Patents 
Located with this 

Primary 
Class Subclass Classification Title 

SOLIDIFIED OR LIQUEFIED GAS 
PRODUCT MANUFACTURING FROM A 
GAS .Liquefied gas producing 
and separating apparatus ..With 
external refrigeration producer 
PROCESSES 
.Circulating external gas ..With 
removing o f  m n l s t ~ ~ r ~  
.Fluid external of refrigeration 
producing cycle 
.Compressing, condensing and 
evaporating - 
WITH INDICATOR OR TESTER 
.Operatively correlated with 
automatic control 
AUTOMATIC CONTROL .By congealed 
removable product. conrlitiot~ . .By 
change of consistency 
WlTH MANS PKEV&N'I'ING OR HANDLING 
ATMOSPHERIC CONDENSATE RELATIVE 
TO HEAT ABSORBER .Reta iner  or 
flow director for atmospheric 
condensate 
MATERIAL COOLING MEANS INCLUDING 
GAS-LIQUID CONTACTOR 
REVERSIBLE .External fluid flow 
reversal 
WITHDRAWABLE LIQUID .Refrigerant 
evaporator surrounding or within 
a container 

REFRIGERATION PRODUCER .Sorbcnt 
tme 
..Unitarily movable connected 
units 
METAL DEFORMING 
BY USE OF TOOL ACTING DURING 
RELATIVE ROTATION BETWEEN TOOL 
AND WORK ABOUT INTERNAL CENTER 
.With metal deformation of 
different type 



. . 
Table 1. Continued. 

-. Number of Patents -- 
Located with this 

Primary 
Class Subclass Classification Title - 

-. . . ., .. -. 
' -  . 

.With tool surface orbiting 
around axis parallel to direc- 
tion of travel of longitudinally 
moving work ..Including orbit- 
ing roller mounted on rotating 
carrier 
.During rotation of work ..And 
longitudinal movement of work 
... Using external rotating tool 
and internal cone 
... Using tool-surfaces spaced 
along axis of work rotation 
BY USE OF NON-DEFORMING WORK- 
GRIPPING CLAMP AND RELATIVELY 
MOVABLE CLAMP, TOOL OR WORK 
FORCER .With cutting ..With 
means to rotate clamp about 
fixed axis ... About axis.inter- 
secting work-gripping regions 
of two clamps 
PROCESS .Tube making and/or 
reshaping 

TURNING 
MISCELLANEOUS .. Process of 
turning 

LIQUID BEATERS ANn VAPORIZERS 

WATER TUBE .Vertical .Fluid file1 

PIPES AND TUBULAR CONDUITS 
WITH FLOW REGULATORS AND/OR 
BAFFLES 
.Heat transfer 



.- 

Table 1. Continued. 

Number of Patents 
. Located with this 

Primary 
Class Subclass Classification Title 

.Flow facilitating 
PLURAL DUCT .Coaxial 
FLEXIBLE .Corrugated 
DI3TINCT LAYERS .Dondcd to each 
ofher ,,Brazes, soldered ur 
welded 
STRUCTURE 

CONCENTRATING EVAPORATORS 

CLOSED EVAPORATING CHAMBERS 
.Indirectly heated ..Heating 
el pmpnts  . . . . Tilhlllar inserts 

EEAT EYCHANGE 
PROCESS 
.Heating and cooling 
lldCfENERATOR . tiovablt heat 
storage mass with enclosure 
TIME OR PROGRAM ACTIVATOR 
AUTOMATIC CONTROL .Heating and 
cooling ..Flow of heat exchang- 
ing material controlled by its 
own c u ~ l d i t i o ~ l  
WITH EXTERNAL SUPPORT 
.Legs 
COVERED ACCESS OPENING .Cover is, 
or carries, heat exchanging means 
..Heat exchanging means projects 
into the covered chamber 
WITH REPAIR OR ASSEMBLY MEANS 
WITH RETAINER ..... 



Table 1. Continued. 

Number of Patents 
Located with this 

Primary 
Class Subclass Classification :' Title 

AGITATOR OR IMPELLER MOTOR 
OPERATED BY EXCHANGE F'LUID 
MOVABLE HEATING OR COOLING 
SURFACE 
.Hollow screw type impeller 
..With drum surface scraper 
.Hollow stirrer or. scraper 
WITH SCRAPER REMOVING PRODUCT 
FROM TEMPERATURE MODIFYING 
SURFACE 
INTERMEDIATE FLUENT HEAT 
EXCHANGE MATERIAL RECEIVING 
AND DISCHARGING HEAT .Liquid 
fluent heat exchange material 
..Utilizing change of state 
.... By application of mechanical 
energy 

105 8 

RECIRCULATION WITH AGITATING OR 
STIRRING STRUCTURE 
..Turbulator in conduit 
WITH FIRST FLUID HOLDER OR 
COLLECTOR OPEN TO SECOND 
FLUID 
.Separate external discharge 
port for each fluid 
..With downstream pressure or 
temperature modifier ... Surface- 
type heat exchanger 
. Trickler 
..Vertical cone or drum 
WITH IMPELLER OR CONVEYOR MOVING 
EXCHANGE MATERIAL .Mechanical 
gas pump ..Heating or cooling 
means and gas pump in housing 
... Verging gas flow 
WITH COATED, ROUGHENED OR 
POLISHED SURFACE 
WITH THERMAL OR ACOUSTICAL 
BLOCKER 



Table 1. Continued. 

Number of Patents 
Located with this 

Primary 
Class Subclass Classification Title 

THREE NON-COMMUNICATING FLUIDS 
.Concentric flow chamber 
GRADATED HEAT TRANSFER STRUCTURE 
.Tapered conduit means 
RADIATOR CORE TYPE 
.With edge cover or frame meaus 
.Side-by-side tubes traversing 
fin meano 
.Deformed sheet forms passages 
between side-by-sidc tube means 
..With tube manifold 
NON-COMMUNICATING COAXIAL 
ENCLOSURES 
.With communicating coaxial 
enclosure 
CASING OR TANK ENCLOSED CONDUIT 
ASSEMBLY .With distinct flow 
director ill cdsing ..Longitudinal 
.WiLh support in ca~ing 
.Conduit coiled within casing 
FLOW PASSAGES FOR TWO CONFINED 
FLUIDS 
.Interdigitated plural first and 
plural second fluid passages 
. .Stacked plates or shells form 
interplate passages 
... With plate traversing passages 
interconnecting alternate spaces 
CONDUIT WITHIN, OR CONFORMINO TO, 
PANEL OR WALL STRUCTURE .Opposed 
platc~ or shells I 

STJIR-BY-SIDE TUBULAR STRUCTURES 
OR TUBE SECTIONS 
.With manifold type header or 
header plate 
..Inlet and outlet header means 
TUBULAR STRUCTURE 
.Pro~ecting internal and exter~ 
nal heat transfer means 
.With discrete heat transfer 
means 1 



Table 1. Continued. 

Number of Patents'. . . . .  . . 

Located with this ; 

Primary .. , . 

Class. 'Subclass Classification 
.., , . 1 

. . .  . .  Title . ; 

..With means spacing fins on 
structure 
... Helical 
HEAT TRANSMITTER . . 
MISCELLANEOUS 
,ELECTRICITY, CONDUCTORS AND 
INSULATORS 

WITH FLUIDS OR VACUUM .With 
cooling and/or fluid feeding 
circulating or distributing 

DISTILLATION: APPARATUS 
APPARATUS .Systems . .tieparatory 
... Still .... Plural ..... Series 

- 

189 1 .  .... With vapor-treating devices 
..... Condenser ...... Still 
supgcr ted 

... 236 1 .Types ..Separatory Still 

. , 
..,. Spray forming and filming 
DISTILLATION: PROCESSES, 
SEPARATORY 

10 " 1 ' WATER PURIFICATION ONLY 
1.1. 1. .Under presslire d r  vacuum 

. . CHEMISTRY, ELECTRICAL .AND 
WAVE ENERGY 

29' 1 PROCESSES AND PRODUCTS .Elec- 
... trolysis ..Coating Combined 

. .' . .With base treatment . 

1. 
ELECTRIC HEATING 

1 

1 

i 
1 :. 

1 



Table 1. Continued. 

Number of Patents 
Located with this 

Primary 
Class Subclass Classification Title 

6 0 
317 

234 
427 

299 
NO CLASS 

GAS AND LIQUID CONTACT APPARATUS 
CONTACT DEVICE6 .Porou~ mass 
..Liquid-flow control ... Capillary 
feed 
.Porous sheet ..Surface contact 
... Capillary feed 
.Wet baffle ..Overflow baffles 

ELECTRIC LAMP AND DISCHARGE 
DEVICES 
WITH TEMPERATURE HOnTFTER 
.Recirculating systems 
.Electric heater ..For conduc- 
tive envelope devices ... Cylin- 
drical electrode type envelope 



Table 2. Patent count by technique-mode. 

Mode 

Technique 

1 2 3 4 5 6 
Natural Forced Pool Flow Mass 
convection convection boiling boiling Condensation transfer 

01  Treated surfaces 0 

02 Rough surfaces 0 

03 Attached promoters 0 

04 Extended surf aces 5 .  127 2 9 2 15 2 

05 Displacement enhancement 0 3 0 2 0 0 

devices 

06 Formed channels 0 5 1 1 0 11 0 

07 Swirl flow devices 0 14 2 3 2 1 

08 Surface tension devices 1 1 7 3 14 1 

09 Additives for liquids 0 

10 Additives for gases 1 

11 Mechanical aids 0 

12 Surfac? vibration . O  

13 Fluid vibration 0 

14 Electrostatic fields 7 

15 Injection or suction 0 

16 Compound enhancement 0 
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1 , 6 8 0 , 1 4 5  ~ o r s s b l a d ,  N. R. 
1928 Ruq. 7, 
0220 
Heat Exchanger 

1 , 6 8 8 , 1 4 5  P o r s s b f a d ,  B.R. 
1928 An$. 7, 
0 22F 
Beat Exchanqer 

' 1 , 7 1 5 , 7 4 3  S t i l l ,  W.J. 
1929 'June 11 
O42B. ' 

Heat T r a n s i a i t t i n q  Tube 

1 ,770 ,208  Kemnaf, J .  
1930 J u l y  8 ,  
072A 
Air H e a t e r  

1 ,835 ,557  Burke ,  S.  P. 
1931 Dec. 8, 
142F 
Beat Transfer 

1 , 8 3 8 , 0 4 3  Sherwood, T.K. 
1931 Dec. 2 2 ,  
112F 
Apparatus  And Method For Heat Exchanqers  

1,9 16 ,337  Sch mid t, ti, A. 
1933 J u l y  4 ,  
072A 
Heat I n t  erchanq. inq Apparatus  

l , 9  1 6 , 3 3 7  Schmidt ,  8. A .  
1933 J u l y  4, 
102A 
Heat. I n t  erchang.inq Apparatus  



1 , 9 3 1 , 2 6 8  r h i l i p p ,  L.A. 
1933 Oct. 17, b 

62/126 
054A 
Refrigeratinq System 

1 ,980 ,821  ~ a l u e f f ,  K.K. 
1934 Nov. 13 ,  
175/265 
1 4 l P  
#eans  For C o o l i n q  E l e c t r i c a l  Apparatus 

2,097,104 S a h a ,  A.  I?, 
19.37 Och. 26, 
257/2118 
072A 
Beat Exc hanqe Apparatus 

2 , 1 1 8 , 0 6 0  St .one ,  R . E . ;  a n d  T i l l e y ,  E.F. 
1938 May 24 ,  
257/262 

. P 

0 42E 
Finned Tube 

2 , 1 6 1 , 8 8 7  Ramsaclr, W . R .  
1939 J u n e  13, 
138/38 
072A 
Turbulence St-r ip  For Radid.tor Tubes 

7 , 1 8 1 , 9 2 7  Townsend, A . J .  
1939 Doc. 5 ,  
29/ 157. 3 
165A 
Heat. Exchanqer ~ n d  N e t l ~ o d  Of Hakinq Same 

2,227,680 S! o w n s e n d ,  A.J.: and Bascomhe, F. J i  
1341 Jat i .  7 ,  
257/26 2 
0 428 
F i n n e d  T u b i n g  Or T h e  L i h e  

2 , 2 3 4 , 4 2 3  Y i t t m a n n ,  I ? .  A .  
1941 f lar .  1 1 ,  Thermek Corp. 
122/333 
9 420 
Heat i n  s Feans 

2 , 2 4 1 , 2 9 9  Lea ,  E.$. 
1941 flay 6, 
2 5 7 / 2 3 6  
045C 
F i n n  e d  ' C o n d e n s e r  Tu'be 



2,.24 4,800 Pascale, II. 
1941 J u n e .  10 ,  
2571262 
0 4 2 ~  
Beat Transfer Tobe 

2,244,803 P a s c a l e ,  l¶. 
1941 J u n e  10, 
2571262 
0  42C 
Heat T r a  nsf er Tube 

2,245,069 Z l a r k ,  W.R. 
1941 J u n e  10, 
253/262 
0 42B 
Reat Transfer U n i t  

1941 J u n e  24; ~ b e r k e k  Corp. 
29/ 157. 3  
042B 
Aeat E x c h a n q e  E l e m e n t  a n d  method of ma king the Same 

2 , 2 4 7 , 2 4 3  Kritzer, R. R.. 
1941 J u n e  24  
29/157.3 
042C 
Heat E x c h a n q e  E l e m e n t  a n d  l tethod of l a k i n g  the Same 

2,279,548 Bailey, E.G. 
1942 A p r i l  1 4 ,  
1 2 2 1 2 3 5  
023A 
L i q u i d  V a p o s i , z i n q  T u b e  

2 ,360,094 A r v i n s ,  N.A. ; a n d  Abrintz, 1.A. 
1944 O c t .  10, 
257/233 
072F 
Heat Exchan q e r  

2 ,394 ,698  K u e n h o l d ,  O.J. Sr .  
1946 P e b .  12 ,  
26 I/ 16 4  
015F 
Ev ap o r  a t  or 

2,432,308 Goodyer ,  H. J. 
1947  Dec. 9,  
210/57 
0  U2A 
Condui t .  Having  Annular  Ribs, A Sump. and  S e d i m s a t  Dlrectinq Beans 



2,439,775 Kennedy, W. W .  
1948  A p r i l  1 3 ,  
2571259 
112 
Heat E x c h a n g e r  

2,463,997 Rodgers, 3..S. . - , . .. . . ,  . 

1949 March 8, 
29/157.3 

, , OU2A 
Method O f  ' f laking E x t e r n a l l y  And I n t e r n a l l y  p i n n e d  Tubes 

2,463,997 Rodqe r s ,  J .  S, 
1949 March 8, 
29/157.3 
042C 
ne thod  of  f l a k i n q  E x t e i n a l l l  And Internally p i n n e d  Tubes 

2,514,797 Rob inson ,  R.S. 
1953 ~ ~ 1 9  11, 
2 5 7 / 7 3  
1'328 
Heat Exchanger 

2,.517,654 Gauq le r .  R.S. 
1953 A u ~ .  8, 
26 1/99 
073F 
Refeiqerat i n q  Apparatus  

' 2,517,654 G a u q l e r ,  R. S. 
1950 A u q o . 8 ,  
261/99 
0 8 3 P  
~ o f r i q e r  st i n q  R p p q r a t u s  

2 ,529,013 G l o y e r ,  V. 
1950 NOV.  7 ,  
257/245 
0 33n 
Beat Exchanqer 

A 0 42C 
method ? o r . H a k i n g  Heat ~ x c b a o ~ ' e r s  . . 

2,565,221 G a u q l e r ,  B. S. . . . .  . . , 
1951 A u ~ .  218 , . 

261/104 
0 23A 
R e f r i g e r a t i n q  ~ p w r a t u s  . ' ' 



2,591,878 R W S S ,  P.S. ETAL 
1952 Apr i l  8, 
257/24S 
0 32D 
Oxygen Regene r a t  or 

2,604,936 Kaehn i ,  U.L.; anil Kaehni, P.J .  , .  

1952 July 29, 
1SR/113 
141F 
Method And A p p a r a t u s  For con  t r o l l i n g  t h e  G e n e r a t i  on Of Heat 

2,605,377 Kaehn i ,  W.L. : a n d  Kaehni,  'P.J. . ~ 1952 J u l y  29,  
2 19/ 19 
1428 
Eeat Exc banqe Method .  Bnd . A p p a r a t u s  

2,610,835 H y t t e ,  -R.P ,L,  .. 

1952 S e p t .  16 ,  . , 

257/245 . , . ,  

062D 
P l a t e  Heat Rxchanger  . -. 

2,613,066 U e u l i n ,  J.S.  
1952 O c t .  7, 
257/26 2.20 
O42B 
P i n n e d  Tube C o n s t r u c t i o n  

2,617,634 J e n d r a s s i k ,  G. 
, 1952  NOW. 11, 
257/245 ' 

062D.  
E e a t  Exchanqer  

2,623,736. B y t t e ,  R, P.L. 
1952 Dee. ,. 30, 
257/245 . 

062D 
Plate Type Pa s t e u r i z e r  

2,664,274 Worn, G. A . ;  and  Rubin,  P. L. 
1953, Dec. ,..29, 
257 J73 
132A 
Idet.hod And A p p a r a t u s  E e p l o p i n g  .Sonic Baoes I n  Heat Exchanqe  

2,729,266 Humphrey, R. P. 
1956 J a n .  .3: G e n e r a l  Gas L i q h t  Company 
153/7 1 
062A 
A p p a r a t u s  a n d  ltethod f c i r l l a k i n q  Spirally ~ o r r i q a t e d  letal Tubes, 



2,73 1,241 C h r i s t i a n ,  J. D. 
1956. J a n  17, 
257/79 
112C 
Beat Exc banqe D e v i c e  

2,7.33,898 ' C h r i s t i a n ,  J. D.  
1956 Feb. 7, 
257/101 
112C 
Hollow Screw Con vegor  plight 

2,753,159 C h r i s t i a n ,  J. .D. 
1956 July 3 ,  Holo-Plite I n C .  
257179 
112c 
Heat Transfer Device 

2,789,797 ~impelaar, C. S. 
1957. A p r i l  23 ,  
257/24 5 
0 42E 
Beat Exchanger F i n  structure 

2,790,310 Green, F.H, 
1957 A p r i l  30, 
62/136 
152 
A x i a l  Flow Vortex Tuba Hochanism 

2,813,701 ' F e n g e r ,  C. 
1957 NOV, 19, 
2571245 
04% 
Crooc P l o w  Heat Exchanger 

2,870,999 Sodesstrom, S.H. 
1954 .ia'n. 27, 
2571262. 20 

' 042C 
Heat Exchange Element 

2,872,165 R e n n e r b e r q ,  P . J .  
1 9 5 9 ~ e b ,  3 ,  . 
257/245 .: 

062D 
Plate Type Heat Exchangers  

2 ,873 ,954  P r o t z e ,  C. 
1959 Peb, 17, Telefunken GmbH, .Berlin 
257/250 
033P 
Heat Exchanqer for  Electric Discharqe Tube 



2.,877,000 P e r s o n ,  P.W. 
1959 !!arch 10 ,  
257/245 
0 42E 
Heat E x c h a n g e r  

2,890,722 L o e b e l ,  F.A. :  and Eving, 8. 
1959 J u n e  16, 
138/38 
162A 
Heat Exchange r  Tube  

2,892,618 Holm, S. 
1959 June 30, 
257/245 
0  42E 
8 - X  And C o r e s  And Extended  S u r f a c e  Elements T h e r e f o r  

2,895,508 Drake,  C. E. 
1959 J u l y  21, 
138/38 
042A 
Beat E x c h a n g e r  C o n d u i t  

2 , 9 0 5 , 4 4 7 , 8 u e t ,  A. 
1959 S e p t .  22,  
257/262.14 
0 42C 
T u b u l a r  Heat Exchanqe r  

2,916,807 C h r i s t i a n ,  J. D. 
1959 Dec, 15, 
2911 56.8 
112C 
Hea t  Exchanqe Equipment  

2,917,284 C h r i s t i a n ,  J. D m  
1959 DCC. 15, 
257/112 
112C 
Heat Exchange A p p a r a t u s  

2,9 19,115 B a a l e r ,  L.E. 
1959 Dec. 29, 
257/58 
OlSP 
Impr e q n a t e d  P o r o u s  Condense r  Surface 

2,923,640 Buckinqham, W.T. 
1960 P e b .  2 ,  
117/49 
01 5 B  
Method O f  ~ p p i y i n q  A P Lnstic Caet.inu 



2 , 9 3 2 , 4 9 1  Yiller, L . N .  
1960 A p r i l  1 2 ,  
257 /256  
0 62D 
Heat T r a n s f e r  U n i t  

2 0 9 3 5 , 3 0 5  B e n r t h e r e t ,  C.A.E. 
. I960  May 3 ,  
257125% 
142P 
Electric D i s c h a r g e  Device C o o l i n q  S y s t e m  

2 , 9 3 5 , 3 0 6  B e n t h e r e t  C. A .  33. 
1960 Ray 3, G e n e r a l  Electric Company 
2 5 7 / 2 5  0 
0 4 3 F  
Vapor Coolinq A p p a r a t u s  f or  Electric D i s c h a r q e  Devices 

2 , 9 4 7 , 1 5 2  Bloem, A.T. 1 

1960 Auq* 2, 
6 2/40 
045P 
H-X F 3 r  S e p e r a t i n g  Out  C o n s t i t u e n t s  From A Gas Ey C o o l i n q  

2 , 9 5 0 , 6 0 4  S a m b i l l ,  B.R. ; and  Greene, NOD. 
1960 Auq. 3 0 ,  
6  2/5 
0'94A 
Heat ?"raw f er lgethod 

2,952.444 J e n s s e n ,  S.K. 
1960 S e p t .  13 ,  
257/24 5 
Oh2D 
Heat Exchanqers O f  T h e  P l a t e  Type  

2,958,021 C o r n e l i s o n ,  B.: and Wolff, E.A. Jr. 
1966 O c t .  25, 
317/234 
043A 
cool inq '  Arrangement For T r a n s i s t o r s  

2,960,114 H i n d e ,  J.N. 
1960 Nov. 15, 
138/3R 
043A 
Innerf i n n e d  Heat  T r a n s f e r  Tubes 

2,962,265 Van Luik ,  Jr . ,  F.W. 
1960 Nov. 29,  
257143 
145B 
Vapor-Liquid Phase  Convers ion 



2,962,265 Van Luik, Jr., F.W. 
1960 Nov. 29, 
257143 
145C 
Vapor-Liquid Phase Conversion 

2,969,957 Beurtheret, C.A.E. . , .  . , . 
1961 Jan 31,-Compagnie Francaise Thomson-Houston 
2571250 
043F 
E l e c t r i c  D i s c h a r g e  Dev ice C o o l i n q  Systems - 

2,970,669 Ber qson,  G. 
1961 Feb.  7 ,  
18 3/ 2 
085A 
Condens inq  Filter 

2,978,797 Eke lund ,  A. E. 
1961 A p r i l  11 ,  
29/157. 3 
0 42," 
T u b u l a r  F2nned net a 1  Sect i o n  And Plantnfactare  The reo f  

2,983,115 Caswe l l ,  B.  E. 
1961 Hay 9,  
62 /285  
0 4 SC 
Beat T r a n s . f e r  Dev ice  With C o n d e n s a t e  D r a i n a g e .  Weans 

2,9RSt43U B o r i n g ,  S,A,;Speca,  R,J.; a n d  Z i e r a k ,  $ , J .  
1961 Play 23 ,  
257/245 
O42D 
R e q e n e r a t o r  

2,99 5,3UY H r y n i s z a k ,  #. . 
1961 Auq. 8 ,  
257/245 
0 62.D 
P l a t e  Type Heat Exchanges  

2,998,228 B u e t ,  A.  
1961 Auq. 29, 
257/262.18 
Q42C 
Surface IIea t Exchangers 

3,015,355 Humphrey, A,H. 
1962 J a n .  2, G e n e r a l  Gas Light Company 
153/78 
022A 
Method f o r  Porminq S p i r a l l y  Ribbed ~ u h i n q  



3 , 0 2 2 , 0 4 9  A b h o t t ,  R o w .  

1962 F e b .  20, 
2 5 7 / 2 6  2. 1.3 
0 4 2 8  
Heat E x c h a n g e  Tu b i n q  

3 , 9 3 3 , 5 3 6  Guszmaan,  H. 
1 9 6 2  May 8, 
257/262.  16 
0 428 
R a d i a t o r  System 

3 , 0 4 5 , 1 3 8  ~ o h l ,  W. J. 
1962 , 7 u l p  17, 
313/21 
023C 
E l e c t r i c a l  'D.ischatge Tube 

3 , 0 4 0 , 4 2 8  R e u r t h e r e t ,  C. A.  E. 
1962  ~ n i y  24, Compaq .n i e  P r a n c a i s e  Thomson-Hous ton  
313/12 , 
0 43F 
H i g h  F re quenc y Rne cq y T n t e r c b . a n g e  D e v f c e  ' P c . , 

3 , 0 4 6 , 4 2 9  B e u r t h e r e t ,  C. A. E. 
1962 July 24, C o m p a q n i e  P r a n c a i s e  Thomson-Hous ton ,  
313/12 
O 43F 
H i q h  F r e q u e n c y  Energy I n  t e r c h a n q e  Device 

3 , 0 5 5 , 6 4 3  B e u r t h e r e t ,  C.A.E. 
1962 Sept. 25, 
2 5 7 / 2 5 0  
C73A 
Heat E x c h a n q e r s  

3 , 0 5 6 , 5 8 7  S t e i g e r v a l d ,  R. H. 
1362 O c t .  2, 
25  I /  1 
142F 

Methods Of E f f e c t i n q  A Hiqh Rate O f  H,T,  Prom A Heated S u r f ,  etc, 

3 , 0 7 1 , 1 5 9  C o r a q q i o s o .  C.R. 
1 9 6 3  J a n .  1 ,  
13R/3R 
0 72 4 
Heat E x c h a n g e  T u b e  

3,988,494 Koch,  P.H.; P i r s h ,  E.A.: a n d  Swenson, U.S. , 

1 9 6 3  May 7, 
138/37 
0 43A 
R i b b e d  V a p o r  ~ e n e r a t i n q  T u b e s  . . . . 

,TI 1 



3,089,318 Rebeler, He Re 
1963 Hay 14, 
62/467 
043P 
~ g p e r s o n i c .  C o o l i n g  S ysteaa 

3,111,168 Raet, A, 
1963 Nov. 19, 
165/165 
042C 
Heat E xc hangers 

3,117,625 P r a e n k e l ,  's.J. . . . . 

1964 J a n .  14, Stanray  Corp. 
165/ 185 
042F 
F i l l i n q  ! l a t e r i a l  f o r  Heat  Exchangers  . - 

3,128,821 Andersen,  P. C. . . 

1964 Apr. 14, F l e x o n i c s  Corp. 
153/71 
0 228 
C o r r n g a t o r  for  H e t a l  Tubing 

3,128,821 b n d e r s e n ,  R. C. 
. . 1964 Apr:. 14, P l e x o n . i c s  Corp. 

153/7 1 
0 42C 
Corrnqat.or .for Pleta.1 Tubinq 

3,137,184 !.!eyers, P. G.  
1964 June  16, 
77/55 ,. . 

141P . . 
. . 

T o o l  C o o l i n q  Apparatus 

3,152,774 Yyat t ,  T. 
196& Oct. 13, 
244/ 1 
083F 
S a t  e l l  i t  e Temperature  S t a b i l i z a t i o n  System 

3,152,774 Wyatt, T. 
1964 O c t .  13, 
244/ 1 
0 85F 
Sat. ell it e Teinperaturc S t a b i l i z a t i o n  System 

3,154,141 Huet, A. 
1964 O c t .  27, 
165/133 
022c 
Rouqhened Reat Exchanqer Tube 



3,156 ,455  B o u l e t . ,  C .  
1964 Nov. 10, B o l o - F l i t e  Intl. Inc. 
263/21 
112B 
let h o d s  of Ef fec t i n q  Heat Exchange and Reat Transfer Devices Therefol 

0 42P 
. Heat D i s s i p a t i o q  Nollnt F o r  E l e c t r o n i c  Components  . ' t ' " :  .-' . A .  

3 ,167 ,927  Lynch, P . J . :  and Taylor ,  P.L. 
1965 Peb. 2, 
62/56 
O 1SF 
P r o m o t i o n  O f  Dropwise  C o n d e n s t i o n  

3 ,174.319 Koyama, S.: S h i d a ,  11.: and ~ i k a ~ a m a .  R e  

1965 Rarch 2 3 ,  
7 2/9 6 
042B 

, . - # . .  l e t  . . h o d  And llpparatus For flanufacturing ~ n t e g r a l l y  P i n n e d  T a b i n q  

, 3 ,175 ,960  Kassat ,  R e  . - 1965 flarch 30,  
20 2/ 189 
0458 
A i r  C o o l e i 1  Condenser For Distilling Apparatus 

3 , 1 8 7 , 8 1 2  S t a v e r ,  E.F. 
1965 June 8, 
165/185 
0 42E 
Beat. Dissipater For E l e c t r o n i c  C i r c u i t r y  

3 ,196 ,634  Rich,  D . G .  
1965 J n l y  27, 
62/394 
0 15c 
~ e f r i q e r a t i o n  S y s t e m .  . 

3,202.210 Hnqhes, 
1965 Aua. 24, 
165/154 
0 32C 
Heat Exchanqef 

3 ,202,212 Kritzer, R.W. 
1965 R u ~ .  24, 
165/179 
0 42B 
Heat Transfer Element 



3# 20 6,3 8 1 Reugebauer., F. J, : a n d  . L u s t e n a d e r ,  Bo Lo 
1965 Sept, . .  14, . . 

202/185  
0 15F 
D r o p v i s e  C o n d e n s a t i o n  ~i s t i . l l a t i o n  App a t  a t  u s  

. * 

3,207,209 Ruaml, RoLo 
1965 S e p t .  21, 
16S/ 1 . . 

01 3? 
f leaas For I n c r e a s i n q   he ROTo C o e f i c i e n t  Between A wai l  And etc. 

. . . 
3,207,216 Dona ldson ,  Do H. 

1965 ~ e p t .  21 ,  
1651148 , 

062D . . 
Beat Excha .nger  

3,209,062 S c h o l z ,  C,F. 
1965 S e p t ,  28, 
174/1 S 
0 42E 
~ o n n t i n q  And C o o l i n q  S y s t .  F o r  Semi -conduc to r  Heat ~ e n e r a t i n q  Dew.  

3,213,525 C r e i q h t o n ,  W . f l . ;  Evans ,  S.O.; and  ncnurdy,  A.E. 
1965 O c t ,  26, 
29/157.3 
062A 
ne thod  o f  Forminq An I n t e r n a l  R i b  I n  The Bore O f  A Tube 

3,215,196 P a u l s ,  T.P. 
1965 Wov, 2 ,  
165/ 179 
042C 
n e t a l  F a b r i c a t i o n  

3,217,799 Rodqers ,  . J. S. 
1965 Nov. 16,  . 

165/ 179  
025A 
Steam C o n d e n s e r  , O f  The Water Tube  Type 

3,221,399 Karmazin ,  J, 
196.5 D e c .  7, 
29/15Y. 3 
O i i 2 R  
ne thod  O f  k n u f a c  t o r i n q  Aeat Exchanger  

3,224,485 Blomgren ,  0.C. S r .  ETAL 
1965 Dec. 21, 
158/1 
14lA 
Heat Control n e v i c e  And Hathod 



3 ,224 ,497  R-lomqren, 0,C. S r  . ETAL 
1.965 Dec. . 2 l ,  
165 /2  
141F 
Het.tiod .?mil a p p a r a t u s  F o r  b o v e r i n g  The T e m p e r a t u r e  M A Heated 
Body 

3,224,497 Blomqren, 0 , C .  ,Sr. ETAL 
1965  Dec. 21, 
165/2 
142F 
Bethod  And A p p a r a t u s  F o r  Lower ing  The T e m p e r a t u r e  O f  A Hea t ed  Body 

3,225,824 W a r t e n b e r g ,  K. 
1965  Dec. .28,, 
165/122  
OUSE 
Air C o o l e d  Hea t  . Exchanqe r  . P o r  C o o l i n g  L i q u i d  Hedia 

. . i 
3,228 ,464  . . S t e i n ,  W.J.; and B a n t h i n ,  C.R. 

. . 
1966 Jan.  11 ,  
165/166 
062D 
Corr ucj a t  e d  Plate C o u n t e r  ~ l o v  Beat E x c h a n g e r  

A 

3,229,722 Rri tzer, R.W. 
1966 J a n .  18,  
138/39 
842111 , 
Aeat Exchange  E l e m e n t  E l i  t h  I n t e r n a l  Flow i l i v e r t e r s  

3,224+759 G r o v e r ,  G.,H.  
1966 Jan. 18, 
165/105 
0 15P 
e r a P o r a t  i o n - c o n d e n s a t i o n  Beat T r a i i s f e r  uerick 

3,229,759 G r o v e r ,  G.H. 
1966 Jan. . loo  
165/10.5 
083F 
E v a p o r a t  i o n - C o n d e n s a t i  on Aeat T r a n s f e r  D e v i c e  

3,229,759 Grover, G.H.  
1966 J a n .  18, 
165/105 
085F 
E v a p o r a t  ion-Condensa t i o n  Heat T r a n s f e r  D e v i c e  

3,232,341 W o o d ~ o r t h ,  LOR. . 

1966 Feb. 1, 
165/111 
075A 
Condense r  



3,235,004 Beurtheret, C. 
1966 Peb . 15, Compagnie F r a n c a i s e  Thomson-Houston 
1651 1 8 5  
043F 
Heat D i s s i p a t  i n q  S t r n c t  a r e  

3 ,240,683 Rogers ,  P, A o  

1966 March 15, 
202/173 
065D 
D i s t i l l a  t i o n  A p p a r a t u s  For T r e a t - i n q  S e a  R a t e r  To Produce etc. 

3,244,601 D i e d r i c h ,  G,E. 
1966 A p r i l  5, 

 luted Tub alar Dis t i l l a t i on  Apparatus 

3,247,583 Hansson,  A ,  : and  B r i c k ,  R. ll. 
1966 Apr . 26, C o n t i n e n t a l  Can Company, Tnc. , 

29/157.3 
0 32P 
P r o d u c t i o n  of E x t e r n a l l y  P i n n e d  S h e e t  S tock  

3 ,261,905 A l l e n ,  B.F .  
1966 J u l y  19, G e n e r a l  E.lectric Company 
174/15 
153F 
S t a t i o n a r y  Induction A p p a r a t u s  Coolinq System 

3,267,564 Keyes, J. 8 ,  
1966 Aug. 23, 
29/157.3 
0 42A 
ne thod  O f  P r o d u c i n q  Duplex I n t e r n a l l y  F inned  Tube Units 

3,269,459 P o p o v i t c h ,  D, 
1966 A n q , ' 3 0 ,  
165/ 140 
042B 
E x t e n s . i v  e Snr face Heat Exchange r  

3,273,599 Heecen, 8. 
1966 S e p t .  20,  
1.38138 
042A 
I n t e r n a l l y  P inned  Condense r  Tube 

3,273,599 Heeren ,  8 ,  
1966 Sep, 20 
138/38 
0 4 5A 
I n t e r n a l l y  Pinned Condenser  Tube 



3,288,209 Wall, A . J . ;  and P a l m e r ,  A .  
1966 Nov, 29, 
165/184 
0 42B 
n e a t  Tra  n s m i t  t i n q  Tubes Havinq Helical F i n  Means 

3,289,752 S t a u b ,  F. W. 
1966 Dec. 6, 
16511 1  Q 
0 35D 
C o n j e n s i n q  Heat T r a n s f e r  Device 

3,289,755 J a e g e r ,  U . R .  
1966 Dec . 6 ,  O l i n  Ma th i e son  Chemica l  C o r p o r a t i o n  
165/155 
042C 
Heat Exc haaqer 

, 3 , 294 ,162  L o e h l e i n ,  H. J .  ; and Curran, E . E ,  I 

14b6 uec.  27, 
1651 18 1  
042C 
Heat Xxchanqer C o n s t r u c t i o n  And r l e t h d  F o r  Making T h e  Same 

3,295,599 Okamoto, Y .  ETAL 
1967 J a n .  3 ,  
16511 84 
042R 
neat. T r n n ~ f c r  P i n  Hcnt Exchanq inq  Tube  

3 ,298,427 Erb ,  R.A. 
1967 J a n .  17,  
165/ 1 
015P 
Met-hod And Appa ra tu s  F o r  Dropwise  C o n d e n s a t i o n  

3,299,949 B e u r t h e r e t ,  C.A. F!. 
1967 J a n .  2 4 ,  
165/ 185 
043C 
Device F o r  E v a p o r a t i v e  C o o l i n q  O f  B o d i e s  And Pove r  Vacuum etc. 

3,30 1,314 G a e r t n e r ,  R.F. 
1967 J a n .  31, 
165/ 1 
0  1 S.!? 
Yethod And ?leans For I n c r e a s i n q  T h e  H.T. C o e . f f i c i e n t  e t c .  

3 ,302,701 Thomas, D . G .  
1967 Feb, 7 ,  
165/ 109 
022F 
T u r b u l e n c e  P r o m o t e r  For  I n c r e a s e d  Heat And f l a s s  T r a n s f e r  



3,302,701 Thonas, D.G. . . .  

1967 Peb. 7, 
165/109 
026F 
T u r b u l e n c e  P r o m o t e r  F o r  I n c r e a s e d  Beat a n d  # a s s  T r a n s f e r  

3,306,350 R e o r t h e r e t ,  C.R.E. 
1967 F'eb . 28, Compaqnie E r a n c i s e  Thornson Houston-Hotch k i s s  Bramdt 
165/10 5 
O43F 
E l e c t r o n   i is charge Tube  Ravinq  .Improved CooPinq f leans  T h g r e f  or.: , 

3,311,165 Karmazin,  J. 
1967 !!arch 28 ,  
16.5/ 109 
0 6 2 ~  
Heat T x c h a n q e r  

3 ,326 ,283  Ware, COD. 
1967 J u n e  29, 
165/ 18 1 

. '. 0 43C 
. +d Heat Tran-sfer S u r f a c e  

; 3 ,330r  336 Gobel ,  . G,' 
1967 J u l y  11,  
165/ 160 
032C 

+< Heat Exchanger Tubes  With ~ o n q i t n h i n a . 1  R i b s  

:3,339,631 PTcGutty, J. A. ; and Necker, W.C. 
1967 S e p t .  5, 
165/104 
0 4 38 
Heat Exchanqe r  W t  i l i z i n g  Vortex Flow 

3,347,059 L a i n q ,  I, 
1967 Oct. 17, 
62/'325 

. . 192 
,Heat Pump 

. 3,358,750 Thomas, D.,G.  
3967 Dec. 19, 

. 1 G  S /  17.7 
0.35C 
Condenser  Tube 

3,360,049 Kri,tze.r, R. W. 
1967 Dec. 26, 
165/181 
0 4 2B 
i?eiit, I3xchanqe.r ~ . l enentsr  ' 



i 

3,36.3 ,682 R a r t l e  y, D. E. 
1968 J a n .  16, 
165 /181  
0 42E 
H e a t  E . x c h a n q e r s  Hav inq  V o r t e x  ~ r o d u c i n ~ . V a n e s  

:3,367,415 R e u r t h e r e t ,  C.A.E. 
1968 Feb.  6, Compaqnie  F r a ' n c a i s e  Tho mson B o u s t  on-Ho t c h k i s s  Brand t 
165 /185  
C 43F 
~ n i s o t h e t m  E v a p o r a t i o n  P e a t - T r a n s f e r  S t r u c t u r e  

3 ,368 ,610  K a r t l u k e ,  H.;  and  Boyd, C.A. 
1368 Pch. 13, 
165/1  
133F 
s u p e r h s a  tinq ~ r e v e  n t i o n  And EoiLinq C o n t r o l .  

3 ,370 ,644  D a i l y ,  W .  n, ;' and S p e c a .  e ,  J. 
1968 Feh. 27, 
165/1 

a .  142A . :, Method O f  I n c r e a s i n q  T.hF?' R a t e  O f  -.Heat T r a n s f e r ,  

3 ,371 ,709  R o s e n b l a d ,  C.P. 
1968 March 5, 
165 /115  
065D 
P a l l i n q  F i l m  P l a t e  Y e a t  E x c h a n q e r  

3 , 3 8 4 , 1 5 4  M i l t o n ,  R.M. 
1968 Mdy 2 1 ,  
165/ 1 
015Z 
Beat E x c h a n g e r  System 

3 ,384 ,163  B e u r t h e r e t ,  C.B. 
1968 Play 21,  Compaqnie  F r a n c a i s e  Thomson H o u s t o n - H o t c h k i s s  B r a n d t  
10 !,/ 7 4 
043F 
N o n - I s o t h e r m a l  Etaporat iun Type  'I~cat. T r o o 3 f o r  Apparatlle: 

3,384,  i d 5  Nathews, R.T. 
1B(i!3 Hay 2 1 ,  
165 /122  
042R 
Bea t  Exc h a n  qer 

3 , 3 9 0 , 6 6 7  Beutheret, C. A .  I?. 
1968 J u l y  2, Compaqn ie  F r a n c a i s e  Thomson H o u s t o n - R o t c h k i s s  Brandt 
1 2 3 / 8  
0 43P 
Two-Staqe  C o o l i n q  System for Heat  n a c h i n e  Components  



. . 

3,392',781 Zube r ,  I.;  and ' ~ u s t e n a d e r ,  B.L. 
1968 J u l y  16, 

. . 

165/135 
0 23A 
V a p o r i z i  ng Heat T r a n s f e r  D e v i c e  

3,394,736 P e s r s o n ,  J.P. 
$ :  - 

. -  . , 1968' J u l y  30, , . 

138/38 
0 42A 
I n t e r n a l  Finned Tube 

3,397,440 D a l i n ,  D. 
1968 Aug. 20, 
29/9 57.3 
0 22C 
n e t h o d  O f  n a k i n q  Beat Exchanger  Having Extended S u r f  ace 

3,398,786 S m i t h ,  J. W, ; and  Gowen, R. A. 
1968 Anq.27, 

\ 

165/1 
0228 
Uethod O f  Heat Exchange With High Viscosity L i q u i d s  

3,407;871 Penney,  W . R .  . . 

1968 Oct .29, 
165/85 
072A 
Heat Exchange r  

,; 3 ,410 ,533  Penney,  W.R. 
1968 NOV.  12,  
259/9 
112A 
n i x i n g  Equ i 'pment 

3 ,422,518 F r e n c h ,  P.W. 
1969 J 'an.  21, 
29/157.3 
042A 
nethod O f  Reforming T u b u l a r  fletal. B l a n k s  I n t o  I n n e r  P i n n e d  Tubes 

3,423,294 Seph ton ,  H.H. 
196.9 J u n e  21, 
20 3/ 10 
074A 
V o r t e x  F lov  F i lm  D i s t i l l a t i a n  Process 

3,433,294 Timsoa,  W.J. 
1969 Harch 1 8 ,  
165/ 1 
015F 
B o i l i n g  Hea t .  T r a n s f e r  System 



3 , 4 3 8 , 4 3 3  G u n t e r ,  A.P. 
1969 A p r i l  15, Hudson E n g i n e e r i n q  
165/151 
0 42B 
P l a t e  F i n s  

3,448,791 C l a r k ,  J. 
1969 J u n e  10, 
165/1 
142F 
l r e t h o d s  And Appara  tases F o r  Ene rgy  T r a n s f e r  

3 ,450 ,193  Wolfe, W. Jr. 
1969 J u n e  17,  
16511  
04SC 

/ 
C o r c u q a t e d  Tu b i n q  

' 3 , 4 s2 ,147  Warbnt,  P.: and noore, C.L. 
1969  J u n e  24 ,  
174/16 . 

/:.- 
1.0 1 P. 

.I Wonconde nsable Gas - C o n d e n s a b l e  Vapor Cooled Electr i. Transformer 

'1 3,454,081 Kun, L.C. ; a n d  Cz i k k ,  A. 1. 
1969 J u l y  8, 
ih5 /133  
023A 
S u r f a c e  F o r  R o i l i n q  Liquids 

.:* 

3,455,376 B e u r t h e r e t ,  C.A.E. 
..: ' 1969 J u l y  15, 

165/1 
0 4 3 E  
Heat E xc hanger 

3,457,982 S e p h t o n ,  . R e  R .  
1969 J u l y  23, 
159/13 
076A 
E v a p o r a t i o n  a n d  D i s t i l l a t i o n  A p p a r a t u s  

3 ,457 ,990  T h e o p h i l o s .  N.P.; a n d  Ooanq, D. I. J .  
1969 J u l y  29, 
165/133 
0 23a 
M u l t i p l e  P a s s a q e  H e a t  Exchanger  Utilizing Nucleate B o i l i n g  

3 ,457,990 T h e o p h i l o u s ,  N. P. ; and  Uanq, D. I. J. 
1969 J u l y  29, 
165/ 1 3 3  
04SA 
n u l t  i p l e  Passaqe Aea t Exchanqer U t i l i z i n g  Nnclea te Boi,ling 



3,466,189 Erb, R. A. 
1969 Sept, 9, 
117/132 
01 5F 
ne thod  Fo r  I m p r o v i n q  Heat ~ r a n s f e r  I n  C o n d e n s e r s  '. 

3,469,626 I r i q h t .  , F.U. ; a n d  Wilson,  A,#. . . .. . . .  , 

1969 Sept. 30 ,  ' .  . 

165/ 166 
062D 

. )  . .. . P l a t  e Heat. F x c h a n q e r s  

.3,481,394 W i t h e r s ,  J.G. Jr. 
1969 Dec. 2, 
165/179 
0  45C 
C o n f i g u r a t i o n  O f  H.T. Tubinq  Fo r  Vapour C o n d e n s a t i o n  etc. 

3,502,137 Pawlowski ,  J,. . 

1976 March 24, 
l65/1  
112 . c 

,. l e t h o d b f  I n t e n s i f  yinp H. T'. : I n  Worms Hav ing  A S i n g l e  ~ p i . n d l e  

3,508.,-608 Ro'e, R o c ,  
1970 A p r i l  28, 
165/ 179 
085C 

.Condense r  T u b e s  

3,521,705 B e u t h e r e t .  C. A*:  and Douguet ,  E m  3. 
1970- J u l y  28,  Compaqnre F r a n c a i s e  Thomson Hous ton -Ho tchk i s s  Brandt 
165/74 
0  23C 
Heat Exchanqe  S t r u c t u r e  and  E l e c t r o n  T u b e  I n c l u d i n g  Such Exchange 
S t r u c t u r e  

3.52 1 ;708 Webb, R e  L. 
1970 J u l y  28, 
16Sf 186 
043C- 
Heat Transfer s u r f a c e  Which d r o m o t e s  a a c l e a t e  E b u l l i t i o n  

3,523,577 H i l t o n ,  R e f l o  
1970 Ang. 11, 
165/110 
0 15C i I 

Beat Excha nqe sy s t em 

3,526,268 Rob inson ,  #, 
197.3 S e p t .  1, 
165/1 
142P 
Corona D i s c h a r g e  Hea t  T r a n s f e r  



3,528,494 Levedah l .  w.3. 
1970 S e p t .  15, 
165/10 5 
0 451 
Heat P i p e  For  Low Ther ma1 C o n d u c t i v i t y  Working Fluids 

3,524,661 T O U S C ~ ,  T. 
1970 S e p t  . 22 ,  
165187 
1128 
Ro ta ry  P l a t e r i a l  P r o c e s s o r  w i t h  Hollow H a t e r i a l  C o n t a c t i n g  E l e m e n t s  

3 .S32,161 L o c k e l ,  P, A. 
1970 Oct, 6 ,  
165/167 
0 62D 
P l a t e  Type Heat Exchanger 

3,533,267 B u n n e l l ,  T. R e  
1970 O c t . .  13 ,  Turbotec, I n c .  I 

721299 1 

\i62~ 
Het h o d  a n d  Nachine  f o r  s p i r a l l y  ~ o , r r n q a t . i n Q  Tubes 

-3,53U,555 Webb, J . E .  
1970 O c t .  20, 
601217 - 
092A 
Laminar  Plow Enhancement 

,:3.540,530 Kr i tzer ,  R.9. 
1970  Woo. 7 ' 1 ,  . 
165/ 146 
042B 
Gcadnnted Heat Exchanqer F . i n s  

* 

-3,547,185 E i s s e n h e r q ,  D . f l .  
lY'!O Uec. . l5 ,  
16511 
10 5 c  
n e t h o d  For Promot inq  Dropwise '  C o n d e n s a t i o n  On Copper etc. 

3 ,559,437 W i t h e r s ,  Jr., J.G. 
1971, Feb. 2 
72/96 
0 221 
Method a n d  A p p a r a t u s  f o r  nak inq  Heat  T r a n s f e r  Tu h i n q  

3,559,437 W i t  hers, Jr., J . G .  . .. 
1971, Feb. 2 
72/96 
04SC 
de thod  a n d  Appa ra . t n s  f o r  f lakinq Heat T r a n s f e r  Tub ing  



3.,559,722 Schaa l s ,  J.L.: and Duncan, P.D. 
. . . .  1971 Feb. 2, 

0 62D 
nethod And ~ p p a r a t u s  For Two Phase H.X.  F l u i d  D i s t r i b u t - i o n  etc. 

3,566,514 Szumiqala, E. T. 
1971 March 2, 
29/558 
023P 
Manu f a c t u r  inq Hethod For  B o i l i n q  S u r f a c e s  . 

3,578,075 Winter ,  J .  . . 
1971 Nay 11,  
165/177 
022C 
Corrugated  Tubing 

3,5,87,730 N . i l  ton, .Re fl. 
1971 June  28, 
165/110 
9 15C 

, . 
Bea t  Exchanqe System W i t h  Porous Ro i l i nq  Laye r  

.3,59d,917 Huber, J.: and Poth, La 
1971' J u l y  6, 
1 h5/767 
062D 
Plate Type Heat  Exchanqer 

3,595,299 Weishaupt,  J.:  Walr3aan. H.: and ~ a r i n g ,  T .  
1971 J u l y  27, ,) 

0 32A 
Apparatus For The Evaporat ion  Of Low Temp. ~ i q a i f i e d '  Gases 

3,595,310 R u r n e ,  F. A, 
1971 J u l y  27, 
165/781 
0 U2B 
Nodular Un i t s  And Use Thereof I n  Heat Exchangers 

3,596,495 Huqqins, H.D. 
1971 Auq. 3, 
7213 6 7 
042A 
Heat. T ra nsfer Device And n e t h o d  O f  flaking 

3,598,180 Moore, R.D. Jr, 
1971 Auqe 10, 
165/133 
083C 
Beat Transfer S u r f a c e  S t r u c t u r e  



3 , 6 0  2,027 Kluq, W. A. ; and Rare ,  C .D. 
1971. Auq. 31,  T h e  T r a n e  Compan J 
7 2/9 5 
0238 
S i m u l t a n e o u s  F i n n i n q  and Reforminq  o f  T u b u l a r  Heat T r a n s f e r  Surface 

'3 ,602,027 K l u  q, W, A * ;  and Mare, C .  D. 
1971 Anu. 31, Th'e Trane Company 
72/98 
0 4 2 C  
s i m u l t a n e o u s  P i n n i n q  and Reforming  of ~ ~ l b u ' l a r  Heat T r a n s f e r  surface 

3,603,38Q Huqqins ,  H.D.; a n d  Dudley, C . J .  
1971 S e p t .  7, 
165/181 
o fr2n 
Rxpa ndab le Tube And Heat. Exchanqer 

3 ,604 ,504  Kossler, S.W. Jr.; a.nd Aess, J.I. 
1 9 i l  S e p t .  14 ,  
165/105 
138 3 A  
F l e x i b l e  H e a t  P i p e  

3 ,605,872 A r a u l t ,  .I. 
1971 S e p t .  20, 
165/ 1 
072A 
nethod C a ~ S i n g  L5quiB. 4!:6 .Flaw In stream Of ilnnul3r Cross Sectfon ' 

3,608,529 Conans, K.W. 
1971 S e p t .  2 8 ,  
165 /165  
062D 
Flow Compensa to r  Fo r  ~ . . xchang&r  A p p a r a t u s  

3 ,612 ,175  F o r d ,  J . A . ;  and Wolfe ,  W. Jr. 
1971 O c t .  12 ,  
165/ 179 
022c " 

Cortiiqat ed Metal  T u b i n q  

3 ,693 ,779  Brown, C, B ,  
1971 O c t .  19, 
165/133 
085C 
A p p a r a t u s  F o r  O b t a i n i n q  H i q h  Heat T r a n s f e r  'In F a l l i n q  Water  Film 

3 ,621 ,905  Reds t rom,  R. 
1971 Mov. 23, 
165/1 
094A 
Method O f  Tmprovinq T h e  H . T .  Tn A Tube Of An E v a p o r r a t o r  etc.  



3,622,403 F r e n c h ,  F.W. 
1971 Noo. 23,  . 

148/11.5 
0 2 2 ~  
P r a d u c t i o n  Of n e t a l  Tub inq  With Rouqb 1nner Surfaces 

3,636,982 Drake,  C. E. 
1972 J a n .  25,  
138/ 38 
0421 
I n t - e r n a l l y  F inned  Tube And Hethod O f  Porminq  Same 

3,648,754 Seph ton ,  Ti, 8.  . .  . .-. . ..A . \ 
1972 n a r c h  14, 
153/13'8 
074.A . . 

V o r t e x  P low F o r  Enhanc ing  I n t e r f a c i a l  S u r f a c e  C Heat & Hass T r a n s f  

3,650,321 R a l t z ,  K,L, 
1972 Narch 21, 
165f106 
0 62D 

. S h e e t  M e t a l  R a d i a t o r  Assembly 

3 ,662,582 F r e n c h , .  P.W, 
1972 Hag 16 ,  
72/36? 
042A 
Heat -Exchange Tub inq  Aad g e t h o d  O f  Haking  I t  

3,665,573 ~ e r n e r ,  R. W, ; Alexande r ,  E,E. ; and  Cornstock., I. J. 
.. 1972 Hay 30, 

29/157.3 
083A 
Method O f  F a b r i c a t i n q  A Heat P i p e  

3,669,186 S c h a u l s ,  J. J. 
1972 June 13, 
165/166 
O62D 
D i s t r i b u t o r  For P l a t e  Type H e a t  Exchanqe r s  Bavinq  End R e a d e r s  

3,670,606 Blomqren,  O.C. S r .  ; and Blomqren, O.C. Jr.  
1972 June 20, 
82/1 C 
1 4 1 ~  
n e t h o d  E- A p p a r a t u s  F o r  C o o l i n q  w o r k p i e c e  And/or The Cut- t inq  etc. 

3,675,710 Ris tow,  R.E. 
1972 J u l y  11, 
165/1 
075A 
High E f f i c i e n c y  ~Va por Condenser  and l le tbod 



3 ,675 ,710  R i s t o w ,  'R.E.  
1972  J u l y  11,  
165f1  
155A 
H iqh E.ff  ic  i e n c  y. Vapor  C o n d e n s e r  and Kethod 

3 ,684 ,007  Ftagi, E.G. 
19'72 Auq. 15, 
165/133 
033C 
~ o m p o s i t e  S t r u c t . u r e  F o r  B o i l i n g  L i q u i d s  And Tts F o r l a a t i o n  

3 , 6 0 7 , & 3 4  D y s k i n ,  E . N .  E T A i  
1972  ~ u q .  29, 
2GG/24 
1 ! ? A  
I lo l low T y r e  0.f R o . t a r  y . F u . r n a c e s  E Ret hod, 0.f E q u a l i z i n q  T y r c  Temp. 

3 , 6 9 2 , 1 0 5  O ' C o n n o r ,  J . H .  
1972  Sept . .  1 9 ,  
165/  18 1 
0 425 
Heat E x c h a n  q e r s  

3 , 6 9 6 , 8 6 1  Wehb, R . L .  
1977 O c t  19, 
165/1 '33 
0 43C 
Heat T r a n s f e r  Surface navinq A H i q h  ~ o i l i n q  H.T. C o f f i c i e n t  

3 ,696 ,063  K i m ,  S . C .  
1972 O c t .  10, 
165/ 1?9 . . 

0421  
I t i n e r - i ~ u , t r ~ :  F i n n e d  I?c,at. Transfer Tubes 

3 , 7 9 5 , h l f l  \Jotlet, E.: and R e b u f f e ,  P. 
1372  Dec. 12, 
165 /166  
022P 
Heat E xc ha  nqe r 

3,706,127 O k t a y ,  S., ; and S c h m e c k e n b e c h e r ,  A ..P. 
1972 Dec. 19, 
291.576 
0 32D 
Method Tor F o r a i n q  Heat S i n k s  O n  S e m i c o n d u c t o r  Dev ice  C h i p s  

3 , 7 0 6 , 1 2 7  O k t a y ,  S..; and S c h m e c k e n b e c h e r ,  A.P. 
1972 Dec. 19 ,  1 , n t e r n a t i o n a l  B u s i n e s s  H a c h i n e s  C o r p o r a t . i o n  
291576 
041P 
flet.hod for J?orminq Heat S i n k s  o n  S e m i c o n d u c t o r  D e v i c e  Chips 



3,724,094 Appel ,  DoW.: a n d  Bonq, S.B. 
1973 Apr. 3, K i m b e r l y - C l a r k  C o r p .  

. 34 /124  . . . . 

112B 
R o t a r y  D r y i n g  Drum , . 

3,730,229 D g O n o f r i o ,  I!. L. 
197.3 Uay 1, ' Turbotec , .' I n c .  
138/114 
062B 
Tubinq  U n i t  w i t h  H € ? l i c a l l j  Corrugated Tub.? and ,~eth.od' for Making 
Same 

3,731,732 &we, R . C . ;  Bur ton ,  J o C . ;  and  lank, T.G. ' 

1973 Play 8, 
165/181 
0 42B 
Tube Pin Heat ~ r c h a n ~ e r  

3,734,135 H o s i e r , ,  J . A .  
1973 Hay 22, 
138/38 
0 32A 
Heat  E x c h a n g e r  With I n t e r n a l  Turbulater 

3,734,140 Wakaaura,  H o ;  a n d  Tanaka ,  R. 
1973 Hay 22,  
138/177 
022A 
C r o s s  -Rif led V a p o r  G e n e r a t i n g  ~ s b e s  

3,734,149 Wakamura, R.; and Tanaka ,  U. 
1973 Yay 22 ,  
138/177 
024A 
C r o s s - R i f l e d  Vapor G e n e r a t i n g  Tubes  

3 ,735,175 Rlomqren, O.C. Jr. 
1973 May 22 ,  
313/60 
l 4 l F  
Method For Bemovinq Heat Prom w i t h i n  A Vacuum And p r o m  etc.  

3 ,741 ,285  Kuethe, A . 8 .  . . .  
1973 J u n e  26, 
165/ 1 
0 32B 
~ o u n d a r y  Layer Contrbl of '~10; ~ e p a r a t ' i 6 n  'and Heat Exchange 

.*: . , . - .  .'. 
a t 

. ,. , . 
3,746,086 P a s t e r n a k ,  S.P.' .. , ,  . .. 

1973 .Tuly. 17, 
165/ 18 1 . . 

. 042B . . .  , . ... . : ' r  s neat ~ x c h a n ~ e r s  



3 , 7 4 7 , 2 8 4  L ~ c z ~ o ,  PmJ* 
1973 J u l y  2 4 ,  . 

51 /267  
l42P 
Coo l inq  Apparatus  

3 , 7 4 7 , 6 7 0  Palm, L .  J .  ; an4 Palm, .R. B o  

19?3 J u l y  24, 
165/1 
Q72F 
Therma 1 F l u i d  Heater 

o liz a 
lieat 3 xchanqer Tube  And Method. O f  Plakinq 'It 

3 , 7 5 2 , 2 2 8  Bosse, R . C .  
1973 Auq, 1 4 ,  

- 1 6 5 / 1 8 4  
0428 
I-Type . S eqment eA 'Finned Tube 

3 , 7 5 7 , 8 5 6  Kun, L.C. 
1973 S e p t .  11; 
165/166 
d62D 
e r i m ~ r g  Surface Heat Exchanqer And Manufacture Thereof  

3 . 7 5 9 , 0 5 0  S l s a s t e d ,  R . S . ;  and Dudley,  J . C .  
19?3 S e p t ,  18, 
62/93 
0 651, 
Notho3 O f  CncrZi.nq A Gas And Reeeovinq ?lo.isture .Therefrom 

3 , 7 5 9 , 3 2 2  Wasser G . E . D . ;  and Ualdmann, H. 
1973 S e p t .  18, 
165/166 
962D 
"neat E xc hanqer 

3 ,759 ,323 ,  Dawson, B . J .  E T A L  
1973 Sept, 18, 
165/166 
062D 
C-Plow S t a c k e d  'Plate Heat .Exchanger 

3 , 7 6 2 , 4 6 8  Newson, I . H . :  and Iiodqson, T.D. 
1973 Oct.. 2, 
765/177 
3 8 5 8  
Heat Transfer Rembers 



3,762,168 Newson. I .Hi'; and Bodqson, . T. d. 
1973 O c t  .2, 
165/177 

'0840 
Heat T rans fe r  Hembers 

3,768,290. Z a t e l l ,  V,A, 
1973 O c t .  30, 
72/6 R 
0 93C 
aethod O f  F o d i f y i n q  A Pinned Tube For Bo i l i ng  Enhancement 

3,768,291 Rieqer, K,K. 
1973 O c t ,  30, Universa l  O i l  P roduc ts  
72/78 
0228  
aethod of Forming S p i r a l  Ridqes on t h e  ' Ins ide  Diameter of 
Extern a l l y  Finned Tube 

3,77 1,589 Lage, J. R e  
1973 Nov. 13, 
16S/ 1  
0328 
Rethod And Apparatus For 1mpro.ved Transfe r  O f  Heat 

3,776,018 French, P.R. . . 

1973 Dec. 4, 
72 /367  
0 42A 
Tubinq with '1nner Baff .le Fins. Rnd nethod Of. Producing It 

3,777,343 Har t fo rd ,  B. L. D. I 

1973 Dec. 11, Spiral:  T u b i n g  Corp, . . 

29/157.3 R 
0 6 2 b  
?lethod . f o r  Forminq a ~ e l i ' c a h l y  Corrugated Concent r ic  Tubing. U n i t  

3,779,312 Withers,  , l , G .  Jr.; Babdas, E,P.; and Jurmo, El.9. 
1973 Dec, 18, 
165/184 
022A 
I n t e r n a l l y  ~ i d g e d  Heat Trans fe r  Tabe 

3,78 1,959  connor, nor, J .#. 
' 1974 Jan.  1, 

29/157.3B . 

0 42B 
!let hod O f  F a b r i c a t i n g  A P i n n e d  Heat: Exchanqe Tube 

3,783,938 Cha r t e t ,  A. 
1974 Jan .  8, 
165/ 16 6 
072A , 

Dist n r  binq Device And Heat Exchanges Embodying The Same 



3,789,915 Ford, J. A .  
1974 Peb. 5,  
1651 1 
0 2 5C 
Process For Xmprovinq 3. T. E f f . i c i e n c y  And Improved H. T. System 

3,797,559 Pau.1, R. S. ; and weiler, D.W. 
1974 Warch 19, 
16S/ 1 
16SA 
Rotary Heat Exchanqer And Apparatus 

3,80 4,159 Sea r i g h t ,  E S P ,  ;. and B:rosens, P. J. 
1974 B p r i l  16, 
1651 109 
0428 
Jet Impingement P i n  C o i l  

3,807,496 Stadmark, W.R.G. 
1974 A p r i l  30,  
l65/167 
062D 
Heat Exc hanqe Plates 

3,810,509 Kun, L.C. 
1974 Hay 14, Union Carbide Corp. 
165/148 
0 428 
C r m s  F l o w  Heat Exchanger 

3,814,172 Shore ,  D O T .  
1974 June 4, 
l 6 S i  12 
122D 
Heat Exchanqer s 

3,818,984 Nakamura, K. ; and Kuroyanaq.i, a. 
1974 J n n c  25, 
165l1G6 
0 42E 
Heat exchanger 

3,823,018 Grant ,  A.C. 
1974 June  28,  
1 1719 4 
015: 
P o r ~ u s  # e t . a l l i c  Layer Formation 

3,825,064 Tnone, K .  
1374 J u l y  23, 
165/179 
0 15C 
Heat Exc hanqer 



. . 

3,826,304 Wi the . r s ,  J . G . ;  Dean,  H. R.; and Ross, S.T. 
1974 J u l y  30, 
165/ 1 
0 24A 

.Adwant a g e o n s  C o n . f i q u r a t i o n  O f  T u b i n g  For Internal Boilinq 

3,827,343   arm, W . J .  
1974 Auq. 6, 
9 8 / 1 1 5  
062D 
G r e a s e  C o l l e c t i n q  Beat E x c h a n g e r  I n s t a l l a t i o n  

3 ,831 ,664  Poqson ,  J . T .  
1974 Anq. 27,  
165/80 
0 6 2 D  
Heat  P i p e  I n t e r f a c e s  

3,931,675 McLain, C.D. 
1974 Auq. 2?, 
165 /177  
0 22C 
H e a t  E x c h a n g e . r  Tube 

3,8,37,396 Newton, A.B. 
1974-  S e p t .  2 4 ,  
165 /111  
bR5A 
V e r t i c a l  S u r f  a c e  Vapor  C o n d e n s e r s  

3 ,840,069 F i s c h e r ,  W.; a n d  Gammel, G. 
1974 O c t .  8, 
165/ 10 5 
O84A 
Heat  P i p e  Wi th  A S i n t e r e d  C a p i l l a r y  S t r u c t u r e  

'3,844,341. Bimshas ,  J. Jr.; and Hickey ,  E. S. 
1974 Oct. 29, 
165 /86  
112 
R o t a t a b l e  F i n n e d  Heat E x c h a n q e r  Device 

3,845,814 Run, L.C. 
1974 Nov. 5 ,  Union Carbide Corp. 
165/ 1 4 8  
O42R 
Finned Primary s u r f a c e  neat E.xchanger  

3 ,846,254 S e p h t o n ,  B. B. 
1974 Nov. 5, 
203/ 11  
0 R 5A 
1ntet-f ace ~ n h a n c e m e n t  A p p l i e d  To Evaporat ion Of ~ . i q . u i d s  



3 , 8 4 6 , 2 5 4  S e p h t o a ,  H. H. 
1974 Nov.5. 
203/11 
042A 
I n t e r f a c e  E n h a n c e m e n t  A p p l i e d  To E v a p o r a t i o n  of  L i q u i d s  

3;847,212 Wit. h e r s ,  J . G .  Jr. : a n d  . ~ i eger ,  K. K. 
1974 N0v.12, 
165/ 1?9 
022A 
Heat T r a n s f e r  Tube  Hav.inq H u l t i p . l e  1 n t e . r n a  1 R. idges  

3 ,850 ,227  F o r d ,  J. A. 
1974 Nov. 26 ,  
1651  1  
022C 
P r o c e s s  F o r  Ttiprovi.ng Hea t  T r a n s f e r  E f f i c . i e n c y  etc. 

3,850,234 POW ler,  G. 
1974 N O V .  26 ,  
165/ 153 
04.20 
Bea t  .EXC han  q e r s  

3 ,856,079 Geppelt, E. W. 
1974 Dec. 2 4 ,  
165 /184  
0 422 
F i n n  erl. T u b e  Heat Exchasqe C o n d u c t o r  

3 ,860 ,065  S c h a u l s ,  J.J. 
1975  J a n .  14 ,  
165 /166  
062E 
D i s t r i b u t o r  F o r  P la te  T y p e  U e a t  E x c h a n q e r  Eavinq S i d e  R e a d e r s  

3 ,861 ,462  McLain ,  C . D .  
19?5 J a n .  21, 
165/179 
022A 
Heat E x c h a n q e  Tube 

3 ,862,667 R o v a l e n k o ,  L. 8.  ETAL 
1975 Jan. 28, 
165/166 
962D 

C o r r u q s t e d  P l a t e  F o r  H-Y And H - X  With S a i d  E t c ,  

3,86Fi,lR4 G r o v e r .  G I H .  
1975 Feh. 11, 
165/ 10 5 
022A 
Beat P i p e  And Hetho? And A p p a r a t u s  P o r  Pabricatinq Same 



3,970,081 Rleppe ,  0 .  ; a n d  T o r q e r s e n ,  0 .  
1975 # a r c h  11 ,  
138/ 38, 
0 728 
Aeat Exchanqe c o n d u i t  

3,871,407 Bykov, A.V. ETAL 
1975 Harch 18 ,  
138/3R 
043A 
Heat Excbanqe ~ p p a r a t n s  ' 

3,872,!?17 Blomqren, O . C .  Sr .  : and Blomqren, O.C. Jr. , 

1975 Narch 25, 
165/1 . . .. 

142F .. . 
C o o l i n q  Appara tus  And Hethod F o r  H e a t  Exc)iangers 

3,875,997 Newson, I .He; and  Hodgson, T.D. 
1975 A p r i l  8, 
165/110 
0258 
T u b u l a r  Heat T r a n s f e r  Hembers 

3,877,517 P a s t e r n a k ,  S. K. 
1975, A p r i l  15, 
165/ 1 4 6  
042B 
Heat Exc h a n q e r s  

.. 3,878,885 D e r o n z i e r ,  J . C .  ETAL 
1975 A p r i l  22 ,  
165/1 
10 SA 
Pletho3 F o r  Caos inq  C o n d e n s a t i o n  I n  Drops On H-X T u b e s  

L .  

3,878,885 Deronz.ie r ,  J, C. ETAL 
1975 ~ p r i l  22,  . . 

165/ 1 
105B 
.Method For  Caus.inq Condensa t . ion  I n  D r o p s  On H e a t  Exchanqe r  Tubes 

, ,  , . 
3 , 8 8  1,342 Thorne ,  J.K. . o 

1975 Hay 6,  
72/6 8 
0 43C 
Method P o r  ME! k i n q  I n  t e q r a l  F inned  Tubes For Su bmerqed B o i l i n g  

3,885,622 NcLain,  C.D. 
1975 Ray 27, 
1651179 
022A 
neat E xc'ha aqe s Tube 



3 , 8 8 5 , 9 3 5  Limebeer, G. J.N. 
1975  n a y  27 ,  
62/30 4 
0 42R 
Heat E x c h a n g e r s  

3,886,976 Kardas, I . ;  t a r s o n ,  D . H . ;  and ~ e s b i t t ,  J.D. 
1975 Jnne 3 ,  
13R/ 38 
052A 
P e c u p e r a t o r  Hav inq  A R e r a d i a n t  Insert 

3,887,00'4 B e c k ,  T. A.  
1 9 7 5  J u n e  3 ,  
A 65,/1*1Y 
'3 4 2 A  
Heat  F x c b a a q e  A p p a r a t n s  

.3,8A7,755, S t a u b ,  F . W . :  and Kosky,  P.G. 
1975  J n n e  3, 
174 /15  R 

, , 
02  3F 
E v a p o r a t i v e  C o o l i n s  S y s t .  Employ inq  L i q u i d  Film Evaporation etc. 

3 , 8 9 2 , 2 7 3  N e l s o n ,  F3.E- 
1975 July 1 ,  
165/ 13 5 
083A 
Heat, P ~ D  e ~ 0 b a . c  W i c k i n q  Arrdf~gment 

., . 

3 , 9 3  1 , 3 1 2  P a s t o r n a k ,  S. P, 
1Y?5 Auq. 26,  
165/181 
0 4 2 8  
Vest E xchanqers  And irle t.l~oJ O f .  ~ a k i ' n q  S a r ? ~  

3 , 9 0 2 , 5 5 2  YcLain ,  C . D .  
1475  s ept .  2, 
165./179 
0 2 2 A  , 

p a t t e r n e d  T u h i n q  

085A 
Condensate G u i d i n q  A p p a r a t u s  F o r  Vertical C o n d e n s i n q  -Tnhes etc. 

3 , 9 0 6 , 6 2 4  K a k i z a k i ,  K .  ; a n d  Sozumura,  T .  
19?5 S e p t .  2 3 ,  
2 9 / 1 5 7 . 3  A 



3,906,605 nc t a in ,  C.D. 
1975 Sept.  23, 
29/157.3 R 
022A 
P r o c e s s  F o r  P r e p a r i n g  Heat Exchanger. Tube 

3,906,605 NcLain, C.D. 
1975 Sept. 23, 
29/157.3  R 
022C 
P r o c e s s  For P r e p a r i n q  Heat Exchan.ger Tobe 

3,916,984 P r o p e r z i ,  I. 
1975 Nov. 4 ,  
164/278 
152 
C o o l i n q  Dev.ice F o r  C o n t i n u o u s  C a s t i n g  n a c h i n e  

" . 3,921,711 Wes tbrock ,  A . J .  
1975  Nov. 25, 
165/109 
052A 
Turb  u l a  t o r  

3 , 9 3  1,854 Ivakhnenko ,  V.V. ETAL 
1976 J a n .  13, 
165/166 
062D 
P l a t e  T y p e  Heat-Exchanqe A p p a r a t u s  

3,947,941 OgConnor,  J. 8 .  : and ~ a s t e r n a k ,  S. P. 
1976 A p r i l  6, 
29/157.3B 
042R 
Hethod O f  Makinq A Heat Exchange r  

3,955,617 Walsh, J . C .  
1976 May 11 ,  
165/94 
112 
Swept S u r f a c e  R e a t  Exchange r  With Dual Heat Exchange media 

3,973,623 S a r l l ,  P.G. 
1976 Auq. 10, 
165/94 
112 . - .  .i.':I- '. .-- ., t  eat" 'Exc hanqe ~ p p a r a t u s .  

3,970,126 R u f f ,  K. 
1976 Auq. 24, 
165/110 
0 428 
A i r  Cool&d . , Su r f ace  Condenser 



3,983,191 S c h a n l s .  5.3. 
1976 Sept. 28, 
261/114R 
062D 
Brazed P l a t e  Type H- X, For  ona adiabatic ~ e c t ' i  f icat ion 

3,983,935 Henrionr C.E. 
1976 O c t .  5 ,  
465/166 
b a 2 R  
Beat Exchanqer 

3,989,lOh Newton, A*%. 
1976 Nov. 2 ,  
l65/  11 1 
0 858 
Condenser Inserts 

: ., 3,990 ,862  Dahl, M . H . ;  and erb, LSDo 
1976 Nov. 9 ,  

I 29/19 1, 2 
01 3F 
L i q u i d  Peat  Exchanqer 1nt.nr.f ace And ltetbod 

3,995,688 Darm, W . J .  
1976 Dec. 7,  
165/165 
062D 
Air ~ r l a  A i  r Heat E x c h a n q e r  

4 ,  154,234 Notaro, P. 
1979 May '15, 
165/133 
0 15C 
Enhanced conlensation Heat Transter Device ant¶ Hothod 

U,On2,201 Donaldson,  D. P!. 
1977 J a n .  1 1, 
165/140 
062D 
f l u l t  i p l e  F l u i d  s t a c k e d  Plate" Heat Exchanger 

4,007,774 Wit.hers. JmGm .Jr, 
1977 Feb. 15, 
165/ 1 
O42A 
H-X Apparatus And Netboa O f  C o n t r o l l i n g  Foal ' inq Therein 



@,007,774 Withers, Jr . ,  J.G. 
1977 Peb. 15, UOP I n c .  
16511 
022A. 
Heat  Exchanqe A p p a r a t u s  and  ne thod  o f  c o n t r o l l i n g  F o u l i n g  T h e r e i n  

4,016,928 ~ a r t e l s ,  E.L.; a n d  F leminq ,  'B.B. 
1977 ~ p r i l  12, 
165/141 
062D . . 

Hea t  ~ x c h a n ~ e r  cdre, Havinq Expanded n e t a l  Heat T r a n s f e r  S u r f a c e s  

4,018,%264.. A l b e r t s o n ,  C. E. 
1977 A p r i l  19, 
165/ 1 
0 1 SC 
B o i l i n g  Heat T r a n s f e r  surface And n e t h o d  

4,029,146 Mart, l?. Pa; and Koeniq,  R.A. 
1977 J u n e  14,  
165/ 166  
O42E 
C o r r n g a t  e d  Sheet Heat Excbanqer 

4,031,602 Cnn'ningham, J . L . ;  a n d  Campbel l ,  B.J. 
1977 J u n e  28, 
29/157 . 3 AH 
0 42A 
ne thod  Of n a k i n g   eat T r a n s f e r  Tube 

4,031,602 Cunningham, J.L.; and  Campbel l ,  B. J. 
1977 J u n e  28, 
29/157.3AB 
0.42C 
ne thod  Of f l ak ing  Heat T r a n s f e r  Tube 

4,03P, 804 flei jer , R..J. ; a n d ,  Mulder,  J. 
1377' J u l y  12, U. S, I? h , i l i p s  C~?.rp. 
165/148 
0 42B 
Hotor-Ca r Rad i a  t o r  

4,040,479 Campbe l l ,  B . J . ;  and ~ i e q e r ,  K.R. 
1977 Anq. 9, 
165/133 
043C 
P inned  Tuba Hav ing  Enhanced N u c l e a t e  ~ o i l i n q .  s u r f a c e  

4,044,796 Smick,  R.H.' 
1977 Auq. 30, 
138/38 
072A 
T u r h u l a t  o r  



4,044,797 F u j i e ,  K .  ETAL 
1977 Auq. 30, 
138/3  8 
0 23A 
Heat T r a n s f e r  P i p e  

4 ,050 ,507  C h u ,  R . C . ;  and !lo.ran, K. P. 
1 9 7 7  S e p t .  2 7 ,  
165 /1  
0 23F 
n e t h o d  F o r  C u s t o m i z i n q  M u c l e a t e  R o i l i n q  H O T .  From E l e c t r o n i c  etc. 

4 ,051,898 Y o s h i n o ,  H.; and  O q u r i ,  A. 
1977 O c t , .  4, 
165 /166  
l 6 2 F  
Static Heat And Moistuse Exchanger 

u,flqs, 16i7. T ' h n r n ~ ,  . l . , K .  
1977 Nov, 22, 
165/ 1.33 
0 4 3C 
In teqr  a 1  Finned Tube F o r  Submerged Roiling A p p l i c a t i o n s  etc. 

4,06t?,125 R u j i e ,  K .  ETAL 
1977  NOV. 2 9 , .  
1 6 5 / 1 3 3  
0 1.3C 
Heat. ~ r a n s f e r  W a l l  ' F o r  R o . i l i n q  L i q u i d s  

4 ,060 ,126  S c h l a d i t z ,  A. J. 
1 9 7 7  Noo, 29,  
1 6 5 / 1 3 3  
0 22F 
H.T. E3etwe.n S o l i d s  And F l u i d s  U t i l i z i n q  ~ o l ~ c r ~ s t a l l i a c  etc. i' 

9,060,126 S c h l a d i t z ,  A, 3. 
1977 ,  Wov. 29 
165/133 
041F 
Heat Transfer Betwcea solids and Fluids Utilizing P o l y c r y s t a l l i n e  
M e L d  1 

4,064,914 Grant, A.C, 
9977 Dec. 27, 
138/142 
0 15C 
P o r o u s  n e t a  l l i c  La y e r  8nd Form a t i o n  

4,065.26U Lev in. JOE. 

1977 Dec 27, 
23/258,58H 
042C 
R l o o d  Oxyqena t o r  R i t h  I n t e g r a l  FI-X F o r  R e g u l a t i n g  etc. 



4,071,934 Zolman, J . O .  ; and Griewahn,  C.O. 
197R Feb .  7, 
29/157.3 A 
0 428 
C P T  Rox P i n  

4,072,182 Cheng, D..Y. 
1978 P e b .  . 7 ,  
165/1 
112 
p r e s s u r e  S t a g e d  Heat Exchange r  

4 ,373 ,340 .  P a r k e r ,  K . O .  
1978 Feb.  14,  
165/166 
062D 
Formed P1at .e  Type Beat Exchanger  

4,074,753 S c h m i t t l e ,  K .  V. ; and  S t a r n e r ,  K.E. 
1978 Feb. 21, 
165/1 A4 
0 43C 
Heat Tra nsfer I n  Pool B o i l i n g  

4,086,959 Habdas,  E.P. 
1978 Play 2, 
165/155 
042C 
Automot ive  O i l  Cooler 

4,090,559 Meqerl in ,  F. E. 
1978 Ma7 2 3 ,  
165/ 179 
072A 
Heat T r a n s f e r  Device  

4,093,755 Dahl ,  n.n.; and Erb ,  L.D. 
1978,  Jane  6 ,  T h e  G a t e s  Rubber  Companv 
427/299 
0 13B 
Method for n l k i n q  a L i q u i d  Heat Exchanqer C o a t i n q  

4,094,165 S i s k ,  P. J. 
1978 , Jone  13, 
62/115 
112 
L o s s  Rea -t Suppression A p p a r a t u s  And Met hod For  'Beat Pump 

4,094,170 K a n t o r ,  F.W. 
1978 J u n e  13, 
62/499 
112 
R o t a r y  Thermodynamic A p p a r a t u s  



4 , 0 9 5 , 5 4 8  S h i p s ,  K.V. 
1978 J u n e  2 0 ,  
1 6 5 / 1 6 2  
0 42R 
Tube B u n d l e s  

11,098,332 'hra t tha3 .1 ,  1,. ; and L i n s t r o m ,  R. 
1 9 7 8  July 4 ,  
16'3 17 2 
0428 
!?inn en Tube Heat ~ x c h a n ~ e r  c 0 n s t r u c . t  i o n  

Q , 1 0 8 , 2 4 2  Seariqht, E.F.; and P l a n a s a n ,  P. 
1978 A u ~ ,  2 2 ,  
! 6 5 / 1 6 4  
0 t;2u 
~ c t  I m p i n q e m ~ n t  Heat Exchanger  

4 , l f l O , 7 G Y  HoBAd. T;  Tdbnsu, 3; and O n u k i ,  Y. 
1078 A ur~. 2.9 
165 /105  
0 8 5F 
I l e a t  P i p e s ,  Process and  Apparat.us f3r l l a d u f a c t u r i n g  Same 

4,109,71'1) Forster ,  S . ;  and Kleemann, F. 
197P Auq. 29, 
165 /165  
062D 
Heat ;9xchanqer  

4 , 1 0 9 , 7 1 1  K . l e i n e ,  C . A . ;  a n d  Midd . l e ton ,  V. .L .  
1938 Auq, 29, 
! 6 5 /  170 
0620 
neat. Txchanqe Panel 

4,118,94U Lord, R . G . ;  P u s s j s q e r ,  R . C .  ; and Geary ,  D.P. 
1'678 OCt. 13, 
62/98 
0 43A 
I! iqb trerforun nce Heat Exchangcr 

4 , 1 2 0 , 3 5 1  K l e i n e ,  C . A . ;  a'nd M i d d l e t o n ,  V . L .  
lrJ7fl O c t .  17, 
165 /170  
6 6 2D 
Heat  O xc hanqe Panel W i t h  Improved ii.?zJer 

4 , 1 2 1 , 6 5 4  Stockman, R.F. 
1978 O c t .  24, 
l 6 5 / 6  
112 
Dry t o o l i n q  Tower 



4 ,123 ,837  Hocner ,  I . R .  
1978 Nov. 7 ,  
29/157.3R 
0 14C 
Heat T r a n s  f er f l e t h o d  

4 ,124 ,061  M i t c h e l l ,  B . C .  ETRE 
1 9 7 8  Nov, 7 ,  
1 6 5 1  1  
082P 
T h e r m a l  Fnerqy S t o r a q e  U n i t  

4 ,126 ,177  S m i t h ,  P.L.; and Yann, C.C. 
1 9 7 8  Nov. 2 1 ,  
1 6 5 / 9 1  
112 
D u a l  S c r a p e d  S u r f a c e  Heat E x c h a n g e r  

4 , 1 2 8 , 1 2 5  B o r j e s s o n ,  L .  R. ; . a n d  , J o h a n s s o n ,  L . A .  
1978,Dec .  5 ,  . . . . . '  . . . .: 
1 6 5 1  16 3  
0620 
S p i r a l  Reat E x c h a n q e r  

4 , 1 2 9 , 1 8 1  J a n o w s k . i ,  K . R . ;  Shum, R.S.; a n d  ~ r a d P e y ,  S O B ;  
1978 Dec. 12, 
165/  1.33 
OlSC 
Ifeat T r a n s f e r  S u r f  a c e  

4 ,139 ,902  P l a c k e n r o t h ,  'J .Re 111; a n d  Rode, U.R. 
. , 1978 Dec. 26, 

217 
ORlF , 

CooLinq  Hatband 

4 ,131 ,157  L a i n q ,  W .  
. .  . 

1978 Dec. 26, 
165 /86  
0 4213 
R o t ? r y  Reat  E x c h a n q e r s  

4 ,131 ,159  Lonq,  W . A .  
1978 Dec. 26, . . 
165 /166  
Oh2D 
Beat Exc h a n q e r  

4,13,3,375 D u c a s s e ,  J.C. V, ; aria Bouvet . ,  J. 
. - 1979 J a n .  9, 

165 /92  " .  

112 
Ver t ica l  tieat E x c h a n g e r  



4.1 3 3 , 3 7 7  L a l l e e ,  d e  . J ,  ; Marie, G ;  a n d  ~ l o r a c c h i o . l i ,  R. 
1 9 7 9  J a n .  9 ,  
l h 5 / 1 1 8  
062D 
T h i n  - F i l m  'Heat Exc'hanqer 

4 , 1 3 9 , 5 5 4  A n d e r s o n ,  J . H .  
1979  F e h .  1 3 ,  
1 6 5 / 7 6  
065D 
P l a t e  F i n  Heat Exchanqer 

4 ,141 ,439  F o o d h u l l , I . D . J r . ;  and I . i e d e 1 ,  T.H. 
1979 Peh. 2 7 ,  
165/ 1 1 0  
0 4 SF 
C o r l d e n s e r  ncador C o ~ s t  rwct i.nn 

4 , 1 4  1  , 4 11 Kaf ni n, .I. .M . E!VA!:, 
1979 Peh. 27,  
1 6 5 / 1 5 1  
0 429 

, . T u h ~ i l a t  Reat E x c h a n q e r  

.. 4 , 7 4 3 , 7 1 3  L n P o r t e ,  G, E. ; O s t e r k o r n ,  C.L.: a n d  rlarino, S. !I. 
1979 Mar. 1 3 ,  
165/  18 2  
9 42B 

.. . . Heat. T r a n s f e r  '?in S u r f  ace 

: . 4 , 1 4 4 , 9 3 3  9 sselraan, G . A .  .9. ; 3nd Casteli j n s ,  A.P .  J. 
1973 War 2 0 ,  
1 6 5 / 1 2 4  
062E 
Heat E x c h a n q e r  

1&,1.46,09? Makayaraa, Y .  ; and ~ o m a n a ,  N. 
1979  Mar. ?7,  
165 /166  
9 62'D 
P l a t e  T y p e  !Teat T x c h a n q e r  

4,140,357 P o . r s t e r ,  S,; a n d  Kleoman'n,  Pl, 
1970 A p r i l  10, 
1 6 5 / 1 4 0  
0 6 2 3  
[!eat E xc h a n q e r  ?Ja tri x for B e c u p e r a t i . v e  Heat E x c h a n q e  et.c. 

4 , 1 5 4 , 2 9 3  F e n n e r ,  G.11,; and R a q i ,  E.G. 
797a Yay 1 5 ,  
165 /133  
3 14A 
Enhanced Tube Inner S u r f a c e  H e a t  T r a n s f e r  ~ e v i c e  and n e t h o d  



U,154,293 Fenner ,  G.W.; and  Baqi, E.G. 
1979 nay 15, 
165/133 
0 15A 
Enhanced Tobe I n n e r  Surf a c e  Heat T r a n s f e r  Device  and n e t h o d  

4,154,296 P i j a s ,  D.P. 
1979 Hay 15, 
165/179 
042A 
I n n e r  P inned  Heat  Exchanqer  Tube L 

4,156,459 Kusuda, H.; an& Uehara,  A.  . . 

1979 H a y '  2 9 ,  
165/ 167 
033D 
P l a t  e Type Ev a p o r a t o r  . . 

4,159,735 Anderson, J . B .  . , 

1979 J u l y  3 
165/40 
O43D 
p l a t e - P i n  Heat  Zxchanqer With C o n t r o l s  T h e r e f o r  

4,159,735 Anderson,  J.H. 
1979 tTuly 3  
165/40 
043E 
p l a t  e - P i n  Heat Zxchanqer  With C o n t r o l s  T h e r e f o r  

4,159,7.39 B r o t h e r s ,  W. S.: and Kal l fe lz ,  A. J. 
1979 LTuly 3 
1651 1.3.3 
043C 
Heat T r a n s f e r  S u r f a c e  and ne thod  of Manufac ture  

4,162,703 Bosaeus, J . A .  
1979 J n l p  31 
165/167 
062D 
p l a t e - T y p e  Beat Exchanqer  

4.16 3,474 MacDonald , I?. D. ; Rose, R. K. ; an d paps  dorf 
1979 Auq. 7  
165/179 
0429 
T n t e r n a l l y  F inned  Tube 

4,163,474 PlacDonald, R . D . ;  Rose, R.K.; and ~ a p s d o r f  
1979 Auq. 7 
165/179 
042 3 
I n t e r n a l l y  Finned Tube 



. .. . . , , ) .  . 
4 ,166 ,498  P u j i e ,  K .  ETAL 

1979 Sep, 4  
1651133 
0458 
v n p ~ r - C o n d e n s  i n s ,  Vest-Transfer wall 

Q,171 ,015  gucey, C. W . ;  Hiller, K .  J . ;  and R o b i n s o n ,  R.B. 
1979 O c t .  16 
165/ 18 1 
042C 
Vest Exchanqer Tube and Method of Ra kinq. Same 1 

4 ,171 ,315  Rucey, C.U.; Hiller, K . . l . ;  and R o b i n s o n ,  R.R. 
1979 O c t ,  16 
165/ 18 1  
0 42R 
Heat Exchanqer Tnhe and Hethod of Hakinq Samc 

4,176,713 P i ~ h e r ,  
1979 D e c .  4  
165/166 
9620 
P l a t e -  Type H e a t  Exchanqer 

4,j.79,911 Saier, 19.: Uastner, f l - W . ;  and ~ l o c k l e b ,  I?. 
1979 Bec. 25, Wieland- Werke ' ~ k t i e n g e s e l l s c h a f t  
72/78 
0 23B 
Y and T- inned Tubes and netllods and Apparatns for T h e i r  n a k i n g  

4,180,129 Sumitorno, H. 
1979, Dec. 25, B i s a k a  Works, Ltd. 
!65/110 
0 65D 
Plate 'Type Condenser  

4 ,180 ,897  Chester, D . H .  
19AO J a n .  1  . 
29/157 .38  
0 42T 
13et hod of P a b r i c a t i n q  Honeycomb Ueat Exchanger 

4 ,180 ,897  Z h e s t e s ,  D.H. 
1989 J a n .  1 ,  
2Q/157.3 A 
0429 
Method of F a b r i c a t i n q  Honeycomb Beat Exchanqer 

4 ,182 ,410  Y o s h i d a ,  K, ; Kobayashi,  K . :  and Snmitomo, B. 
1989 J a n  8 ,  R i s a k a  Works Ltd .  
165/11 0 
r365D 
P l a t e  Type Condenser 



4,182,1)11 Sumitorno, A m ;  Fnkami. K;, Kobayashi ,  K. : D o i ,  fl.. KawaaishL 
K. a n d  Yosh ida ,  K. 
1990 J a n ,  8,  H i s a k a  Works Ltd. 
165/110 
0650 
P l a t e  Type  Condense r  

4,182,412 shorn, n.s. 
1980 J a n .  8 ,  UOP Inc.. 
165/133  
0238 
P i n n e d  Heat T r a n s f e r  Tube  w i t h  P o r o u s  B o i l i n g  S u r f a c e  and  
Hethod f o r  P r o d u c i n g  Same 

. , 

4,183,403 N i c h o l s o n ,  T. P. 
1980 J a n .  1 5  
165/166 
0620 
P l a t e  Type Reat , E x c h a n g e r s  

' 4,184,540 Flyreen, B. 
1980 J a n .  22, RA-Shipping Ltd. 
165/92 
1125 
Ro ta ry  Bea t  Exchange r  

4.18 4,.542 Snmi-tomo, H. 
1988 J a n .  22, R i s a k a  Works, L td .  
165/166 
065D 
P l a t e  T y p e  Condense r  

4,184,544 U l l m e r ,  B. J. 
1980 J a n .  22 
16511 84  
O4lB 
A p p a r a t u s  and  Bethod f o r  Recove r ing  Waste Heat From F l u e  G a s e s  

4,186,063 B h h e r t s o n ,  C. E. ; Nicho l s ,  G. B. ; a n d  Rasmassen, N o  

. . .  1980 Jan.  29, Borq-War ner C o r p o r a t i o n  
20 412 9 
0 13B 
B o i l i n g  Heat T r a n s f e r  S u r f a c e ,  ne thod  o f  p r e p a r i n g  Same and 
net hod o f  B o i l i n g  

4,186,779 Ragncr, U.T. 
1983 Peb .  5 ,  Dayco C o r p o r a t i o n  
138/121 
022A 
C o r r u g a t e d  n e t a l  Tube  

4,186,798 T s e l u i k o ,  J .  I. ; K n t s y k o v i c h ,  D. B. ; S h a b e l n i k o v a ,  L.A., 
Rholopov, V., S chek in ,  N . G . ,  G r i t s u k ,  L.D., K a t s e n e l e n b o q e n ,  L.B. 
1980 Feb.  5  
1651'1 4 7  
0 544 
T u b u l a r  Cooled  Members o f  M e t a l l u r q i c a l  F u r n a c e  



B,190,105 Dankomski ,  G .  
'198Q F e b ,  26  
165/ 179  
0428 
Heat Exc 'hanqe Tube 

4,194,563 M a t s u z a k i ,  Y. 
1980 Mar, 25 ,  Nihon R a d i a t o r  Co., Ltd. 
1 6 5 f 1 4 1  
0 521 
O i l  Cooler a n d  Method f o r  Porminq It 

4 ,195 ,688  F n j i e ,  K .  ; NaRayama, W, ; Kuwahara,  H. ;  Da ikoku ,  T.: a n d  
K a k i z a k i ,  K. 
,1989 h p ~ .  1, O i t a e h i *  Ltd.4 Ritashi C a b l e o  'Tntd8. 
165/133. 
0 258  
Roat-Tra ester Ua 11  f a r  C o n d e ~ s a t i o n  a n d  Yet hod of ~ a n u f a c t n r i n q  

t h e  Same 

4.21 1 ,276  ' I t o h ,  M. ; T a k a s u n a ,  T.; Ishikawa, Y. ; Kimnra, R. ; , a n d  Nusoh, 
n. 
1 9 8 0  J n l .  8, H i t a c h i ,  L t d ,  
165/1 
0 1 3 E  
n e t h o d  of ~ a k i n q  F i n  E 1 e m e n . t ~  f o r  Heat Exchangers 

4,216,575 C a r n a v o s ,  T. C.; dud Galymbiesk i ,  W. J. 
1980 Anq, '12, Norantla Mines, L td .  
29/597 
0 42A 
Method of R e f o r m i n g  the F i n s  o f  a F i n n e d  Tube 

4,216,825 Sumitorno, Fi. 
1980  Anq. 12,- E i s a k a  Works, L td .  
165/109 R 
0130 
P la t .  e Type Evaporatoc 

4,216,826 F u j i k a k e ,  J. 
1980 Ang,  1 2 ,  F u r u k a w a .  H e t a l s  C o . ,  Ltd .  
165 /133  
0 aac 
Heat T r a n s f e r  T u b e  f o r  Use . i n  B o i l i n g  T y p e  Heat E x c h a n g e r s  
a n d  H e t h o d  of P r o d a c i n q  t h e  Same 

4 ,219,078 Withers, Jr., J . G .  
1900 Auq. 26, UOP Tnc. 
1651  133 
01 3F  
Heat T r a n s . f e r  ~ u ' r f a c e  f o . r  N u c l e a t e  B o i l i n g  



4,223,539 Webb, R.L.  ; and Plougin, L . J .  
1980 Sep. 23,  The T r a n e  Company 
62/476 
086C 
A p p a r a t u s  f o r  A b s o r h i n q  a Vapor  in a L i q u i d  a n d  A b s o r p t i o n  
Refr i q e r a t . i o n  S y s t e ~  I n c o r p o r a t i n g  Same 

4,223,723 A i l a l ,  N. A. 
1980 S e p .  23,  Wisconsin Alumni R e s e a r c h  F o u n d a t i o n  
165/ 1 3 3  
063' 
Heat p ran sf er in B o i l i n q  L i q u i f i e d  Gas 

4 ,227 ,572  H a r l a n ,  C. S. 
1980 Oct. 1 4 ,  S e t o n - S c . h e r r ,  I n c .  
165 /184  
042A 
Finned T u b i n q  

4 ,228 ,850  Sumitorno, H. 
1989 Oct. 21, Hisaka Works, L t d .  
165/110 
065D 
Plate Used j:n C o n d e n s e r  

4 ,228,852 T o q a s h i ,  A. 
1989 O c t .  21 
165/173 
022A 
T u b u l a r  Body 

4 , 2 3 0 , 1 7 9  [Jehara, H.:  a n d  P l i y o s h i ,  PI, 
1980 O c t  . 28, Haruo  Tlehara;  ~ o k ~ o  Shibaura Denki Kabushiki Kaisha 
1 6 5 / 1 1 3  
0650 
P l a t  e T y p e  C o n d ~ n s e r s  

,4 ,232,728 Fenner, G.66.; a n d  P,aq.i, E .G.  
1483 Wov. 1 1 ,  Union C a r b i d e  C o r p o r a t i o n  
165/1  
022A 
Met hod for ??n h a n c e d  Reat. Tra  n s f e . r  

4 ,232,728 F e n n e r ,  G . 9 . ;  a n d  R a q i ,  E.G. 
1980 Nov. 11 ,  Union Carbide C o r p o r a t i o n  
165/1 
02% 
n e t h o d  for Enhanced  Heat T r a n s f e r  

4 ,236,578 R r e i t h ,  F. a n d  C o r n e l i s o n ,  R.C. 
1980 Dec. 2 ,  C o n d a r ,  Co. 
165 /181  
0 4 1 0  
Feat. E xc hsaac enhancement  Structure 



4,237 , ,970  U e h a r a ,  H.: a n d  Miyoshi,  I. 
1983 Dec. 9, Ha:ruo I l e h a r a ;  D e n k i  R a b u s h i k i  Kaisha 
? 6 5 / 1 1 0  
0850  
P l a t e  Type  c o n d e n ' s e r s  

4 , 2 0 5 , 6 9 5  P u j i k a k e ,  J .  
1 9 8 1  Jan. 20, P u r u k a v a  Metals  Co.,  Ltd. 
1 6 5 / 1 3 3  
025C 
fleat T r a n s f e r  Tube far C o n d e n s a t i o n  a n d  n e t h o d  for 
! lan! l fact  u r i n q  Same 

4 , 2 4 5 , 6 9 7  T o q a s h i ,  A. 
'1981 J a n .  20 
1 6 5 f 1 7 9  
0 Z Z A  
T u b u l a r  Body 

4 ,253 ,519  Kun, I . C .  ; a n d  R a y i ,  F. C. 
1 9 9 1  Mar. 3,  Union Carbide C o r p o r a t i o n  
165 /  1 1 0  
0358 
Enhancemen t .  f o r  F i l m  C o n d e n s a t i o n  A p p a r a t u s  

4 , 2 5 8 , 7 8 2  Kao,  S.S.T. 
1981 Mar. 3 i ,  Hodine  f l a a u f a c t n r i n q  Company 
1 6 5 / 1 0 9  T 
0 42X 
Heat. F x c h a n q e r  A a v i n g  L i q u i d  T u r b u l a t . o r  

4 , 2 5 8 , 7 0 3  A l b e r t s o c ,  C . F . :  N i c h o l s ,  G.M:; a n d  P a s  musse n, J. N. 
19R 1  ?lac . 3 1, Borq-W qr n e r  C o r p o r a t l o n  
1 6 5 / 1 3 3  
0 2 3 C  
R o i l i n q  Beat T r a n s f a r  S u r f a c e ,  Method o f  P r o p a r i n q  Samo and 
Met hod o  f R o i l i n q  

4 , 2 6 9 , 2 6 5  Y e y e r ,  R.'!,: a n d  Bretl ,  R . A .  
198 1 Ray 26, n o d i n e  n a . n u . f a c t  u r i n q  c o m p a n y  
I G S I I ~ ~  T I 

0 324 
T a b u l a r  Heat E x c h a n a e r  w i t h  T u r b ' u l a t o r  

4,283,s24 S c h a t z ,  P.: a n d  Ziemek, !:. 
1981  R uq.  1 8 ,  Kahe l -und  M e t a l l w e r k e  G u t e h o f f n u n q s h u e t t e  A G  
29 /157 .4  
9 2 2 4  
I'let.hod f o r  M a n u f a c t u r i n n  Heat.  E x c h a n g e r  T u b i n g  

4 , 2 8 4 , 1 3 3  G i a n n i ,  S . J . ;  a n d  S e e l e y ,  W.H. 
1981 .Auq. 10, Dunham-Bush, I n c .  
1 6 5 / 1 3 3  
0 44.A 
C o n z e n t r i c  Tube  Heat  E x c h a n g e  Assembly v i t  h I m p r o v e d  ' I n t e r n a l  
Fin s t  r u  ct ure 



4 , 2 8 5 , 3 9 5  ' ~ a s u t a n i ,  K. ; H o r i q u c h i ,  A. ; a n d  Sum.itomo,, fl. 
1981  4 u q  2 5  
1 6 5 / 1 1 0  
06SD 
St-rocture of F l u i d  C o n d e n s i n q  a n d  Heat C o n d u c t i n g  s u r f a c e  of 
C o n d e n s e r  

4 ,286 ,366  B i n y a r d ,  R. E o  

1 9 8 1  Sep. 1, P h i l l i p s  P e t r o l e u m  Company 
29/157.  4  
0 32C /B. 
n e t h o d  f o r  t h e  C o n s t r u c t i o n  o f  a B a f f l e d  H e a t  E x c h a n q e r  

4 , 2 8 6 , 6 5 5  T r o j a n i ,  Bob. 
1981 S e p ,  1 
1 6 5 / 1 7 9  
0 428  
F i n n e d  T u b e  f o r  Beat E x c h a n q e r s  

4 ,288 ,897  W i t h e r s ,  Jr., JOG. 
1 9 8 1  S e p .  15, UOP Jnc .  
29/15.7.4 
0 13C 
Method of P r o d a c i n g  a N u c l e a t e  Boilinq S u r . f a c e  o n  a Beat  

. . .  . . - .. . T r a n s f e r  g e m b e r  

4 ,299 ,758  F u j i i ,  PI.; Oqawa, Y. ;  a n d  f l o r i h i r o ,  Y. 
1 9 8 1  S e p .  29, M i t s u b i s h i  Denki K a b u s h i k i  K a i s h a  
1 6 5 / 1 3 3  
0 13C 
P r e p a r a t i o n  of B o i l i n g  Heat T r a n s f e r  S u r f a c e  

5 : ~  4 ,296 ,539  Asami, T, 
. ). 1981  O c t .  27, ~ o b e  Steel ,  L t d .  

29/157.3 A 
0 42A 
Heat. T r a n s f e r  T u h i n q  f o r  ~ a t u r a l '  Gas E v a p o r a t o r  

4 , ? 9 6 , 7 ? 9  S m i c k ,  BoH. 
1 9 8 1  Oct.  27,. , 

138/3r$ 
0 3 2 8  
Turbula t o r  w i t h  .Ganqed Strips 

4,300,629 H a t a d a ,  T.; S e n s h u ,  To: ~ r a i ,  A * ;  H a r a d a ,  F.; n a t s u z a k i ,  A e ;  

F n t a w a t . s r . i ,  H. ; I m a i z u m i ,  Y.; and T a k e d a ,  S. 
1 9 8 1  N O V .  1'7, H i t - a c h i ,  Ltd. 
165. /15 1  
042R ti 

C r o s s - F i n  T u b e  Type Heat E x c h a n g e r  

4 , 3 0 0 , 6 3 0  T r o j a n i ,  D o  L. 
198' N O V .  1 7  
165 /181  

: 0'12B 
~ i ' n n e d  % e t a 1  T u b e  a n d  Method f o r  H a k i n q  t h e  Same 



4 , 3 0  S,4'6:3  Y'am p o l s k y ,  J o  S. 
1 9 8 1  Dec, 15, General A t o m i c  Company 
1 6 5 / 1 7 9  
042A 
Yest 'T.ra .nsfer Tube . 

4 , 3 0 5 , 4 6 0  Y a m p o l s k y ,  J o  S. 
1 9 8 1  Dec. 15, G e n e r a l  Atomic Company 
1 6 5 / 1 7 9  
085C 
Heat T r a n s f e r  T u b e  

I, : . I . . . .  . , . . .  . . . .  
4 , 3 0 6 , 6 1 9  TKO j a n i ,  R. L. 

. . .  . 19P! Dee. 2 2  
1 6 5 / 1 7 9  
3 4 2 A  
Tul!a P r o v i a s 3  w i t h  T n n e E  P i n $  a n d  Outer Fins o r  Pins, 
P a r t  . i c u l a r  l y  f o r  Meat Exchanqers; a n d  Hetho8 The ref or 

4 , 3 1 1 , 1 8 7  S m a l l ,  b7.H. 
1 9 8 2  Jan. 1 9 ,  P h i l l i p s  Petroleum Company 
16S/ 1 
0 32C 
V o r t e x  G e n e r a t o r s  . v 

4 , 3 1 1 , 1 9 3  V e r h a e q h e ,  R , C . ;  a n d  R u q q i n s ,  H O D .  
1 9 8 2  J a n .  19 ,  Modine  Planaf actur ing  Company 
l 6 5 /  1/49 
0 428  
s e r p e n t i n e  F i n  Heat Plxchanqer 

4,313,248 ~ u j i k a k e ,  , I .  ' 

1982 Feb. 2 ,  F u k u r a w a  ~ e - t a i s  Co., Led. 
2 9 / 1 5 7 . 3  A 
0 2-3:: 
Met.hod u f  ~ r ' a d u c ' i n q  B e i t  Transfer  ~ u h e  fo r  use i n  ~ o i l i n q  
T y p e  He'at ~ x c h a n q e k s  

4 , 3 1 3 ,  ball R ~ D . ~ ~ s s o ~ ,  F, 
1982 P e b .  2 ,  C a r l  JohafL Lockmans i n q e u  jorshyrn 
165/ 740 
U 6 2 1.) 
Plate H o x t  Excha n q e r  

U,314,5R7 B a c k e t t ,  C. D o  

1 9 8 2  Feb.  9 ,  Combust i o n  E n q i n e e r i n g ,  I n c .  
1 3 8 1 3 9  
C 24A 
R i h  De,si.qn f o r  Boiler T u b e s  

4 , 3 7 4 , 6 C S  S u m . i t o m o ,  H . ;  D o i ,  ?I. ; ~ o h a y a s h i ,  K O  ; ~ u k a m i ,  K O :  a n d  
K a w a n i s h i ,  K, 
1 9 8 2  Peh. 9, H i s a k a  . . W o r k s ,  Lt.d, ,. . 

1 6 5 / 1 1 3  
ORSD 
C o n d  e n  s o  r ..: , ,.. . . . , .  .. . .. . . 



4,314,606 H u l l e r ,  W e ;  Ganer, 8.; Y a l k e n h o r s t .  l?. ; and W i l d ,  G, ,. 

1982 Feb. 9, R o e c h s t  A k t  i e n q e s e l l s c h a f  t 
165f163 
062C 
A p p a r a t u s  f o r  a Trea tnen t o f  ~ 1 o w i . n ~  ~ e d i a  ~ h i c b  , C a u s e s  Aeat 
E x c h a n q e  a n d  B i x i n q  

4,3 17,268 Bovden,  D.P. ; a n d  Uorell, B.J. 
1982 Mar. 2 ,  S o l a r  L i m i t e d ,  Inc. 
2 9 l 1 5 7 . 3  A0 
042C 
P r o c e s s  fo r  U a k i n q  a H e a t e r  E x c h a n q e r  

4,328,861 Cheonq ,  A.S.; a n d  Beldam, B . P .  
1982 n a p  1 1, Borq-Warne r  C o r p o r a t i o n  
165/151 
0 42B 
t o u v r e d  P i n s  f o r  Heat E x c h a n q e r s  

4,33@,036 S a t o h ,  Y ;  a n d  Hiqo ,  T. 
1982 Nay 18, Kohe Steel, Ltd .  
165/ 179 
045C 

I ,  , C o n s t r u c t i o n  o f  a Heat T r a n s f e r  Wall a n d  Beat T r a n s f e r  P i p e  
a n d  Method of P r o d u c i n g  Aeat T r a n s f e r  P i p e  

4,330,036 S a t o h ,  Y; a n d  Hiqo, T. 
1982 Hay 10, Kobe S t e e l ,  Ltd. 
165/179 
022A 

f q  C o n s t r u c t i o n  o f  a Heat T r a n s f e r  Wall a n d  Heat T r a n s f e r  P i p e  
a n d  nethod  o f  P r o d u c i n g  Heat T r a n s f e r  Pipe 

1982 Jan.  1, D, n u l o c k - B e n t l e p  a n d  Assoc.iates 
165/76 
O42B 
Heak Excbaeqer w i t h  Slotted F i n  S t r i p s  

4,332,293 H i r a m a t s u ,  EP. 
1982 J u n .  1 ,  N i p p o n d e n s o  Co., L td .  
165/153 
0 4 2 8  
C o r r u q a t e d  F i n  T y p e  B e a t  E x c h a n g e r  

U,336,838 E l y ,  R.J. 
1982 Jun .  29, 
165/109 T 
072A' , . . . 
Aeat E x c h a n g e  T u r b u l a t o r  

U,337,826 Kritzer, R. R e  
1982 J u l .  6, Peerless of America, Inc. 
1651 15 1 
042E 
Heat Rxchanqers a n d  n e t h o d  o f  n a k i n q  Same 



1 , 3 4 2 ,  360 S e n t r y ,  C.C. 
1982  Auq. 3 ,  P h i l l i p s  P e t r o l e u m  Co. 
1 6 5 / 6 7  
0328 
Rod Baffled Heat E x c h a n q e r  

4 ,345 ,644  D a n k o w s k i ,  D. B. 
1982  Auq. 2 4  
1 6 5 / 1 5 4  
042A/C 
O i l  Cooler  

4 , 3 4 6 , 7 6 0  v i d a l - P l e z a ,  G.D. 
1982  Auq. 31, C a t e r p i l l a r  Tractor Co. 
1 6 5 / 1 6 6  
6 42E 
 at. F 1 ~ ~ h i i n q 2 ~  P la te  Havfnq   is tort ion R e s i s t a h t -  11ni f!o~~u p l e a t s  

u,347,$97 Sumitorno,  n . ;  and n e h a r a ,  ff, 
1982 ,  S e p .  7, H i s a k a  Worlrs, L t d .  
165/167 
1520 
Plate Type Reat B x c h a n q e r  

. ., , 4 ,349 ,068  C o u r y ,  G. F. 
1982  Sep.  1 4 ,  

, i 1 6 5 1  1  
154A 
Yethod 'for Improved !lest T r a n s f e r  

4 ,351 ,389  ~ u a r n a s c h e l l i ,  S. , 

1982 Sep.  28, 
165/14  1 
0 2 2 8  

' Heat. E xc h a n q e r  A p p a r a t u s  

4,351,392 S t o c k m a n ,  P. P. 
1982  Sep. 28, C o m b u s t i o n  E n q i n e e r i n g ,  Inc .  
l h 5 / 1 8 6  
9 42A 
IIcat E KC hanqo T l l h e  with Hest A b s o r p t i v e  S h i e l d  

11,352,792 Rast.man. G .  P. 
1982 Oct. 5, T h e r m a c o r e ,  Inc.  
1 6 5 / 1 0 4 . 2 5  
913P 
~ e c h a n i c a ' l l y  A s s i s t e d  E v a p o r a t o r  S n r  face 

a , 3 5 3 , 4 1 5  K l a s c h k a ,  J. T. : and D a v i e s ,  Il. J. 
1952  Oct.. 12, U n i t e d  ~ i n g d o m  Atomic Energy Authority 
165/10U.21 
084A 
Heat Pipes a n d  Thermal S i p h o n s  



4,359,550 Nodabl,  R. J,; and  Lucke ro th ,  V, ; C .  I 

1982 O c t ,  19, T h e  T r a n e  Company 
165/133 

.013C 
Beat T r a n s f e r  S u r f a c e  .for ~ f f i c i e n t .  B o i l i n g  o f  L i q u i d  8-11 and  
Equivalents 

" 4,359,086 Sanborn ,  D.' Pi; Holman, J, L . . , R . ;  a n d  Ware, C, D.' 
1982 Nor. 16, T h e  T r a n e  Company 
1651133 
0 1 3 C  
Heat Exchange S u r f a c e  wi th  P o r o u s  Casting and  S a b s u r f a c e  C a v i t i e s  

4,360,058 f l u e l l e j a n s ,  Be 
1982 Nov, 23, S u e d d e u t s c h e  R u e h l e r f a b r i k  Julius F r .  Behr GmbH 6r Co 
165/ 10 4. 21 
025A 
P r o c e s s  f o r  ' t h e  P r e p a r a t i o n  o f  a S u r f a c e  o f  ' a  ETetal. Ball  f o r  t h e  
fer o f  Heat 

4,360,059 Funke,  .-y.-H. 
1982 Nov. , 23, Punke Warmeaus tauscher  A,ppara tebau  KG 
1651160 . 
042C - 
Tube Type  Heat Exchanger  

4,365,667 Ba t ada ,  T:; Sensho,  T,;  Arai, A.; Harada ,  F , ;  f l a t s u z a k i ,  A.; 
a t a r i ,  H , ;  Imalzumi, Y, ; Takeda,  S, 
1982 Dec. .28 , '  H i t a c h i ,  1 , t d .  
16511 52 
0.32E 
Heat E r c h a n g e r  

4,366,859 Kepes, J.H. 
1983 J a n ,  4 ,  
165/184 
046E 
R e f r a c t o r y  Heat Exchanqe Tube 

4,367,791 Asami, T ,  
1983 J a n ,  11, Kobe Steel Ltd. 
1651109 
O44A/B 
Hea t  T r a n s f e r  Tubing f o r  N a t u r a l  Gas E v a p o r a t o r  

4,368,776 N e g i t a ,  J. ;  Yamada, Ye; Kaneko, H.; Oqino,  T, 
1983 J a n ,  18, N i p p ~ n d e n s o ' C o . ~ ,  Ltd.. 
165/133 
O42B 
Aluminum H e a t  Exchanger 

4,368,777 S r a s s o .  G .  
1983 J a n .  18 ,  C e n t r o  R i c e r c h e  F i a t  S,p.A. 
165/154 
0 42B 
Gas -L iqu id  Heat Exchanqe r  



4,368,779 R o j e y ,  A . ;  and  Coben,  G. 
1983  J a n ,  ' 18, 1 n s t . i t u t  F r a n c a i s  du  P e t . r o l e  
165/165 
0 42F: 
Compact  Heat Exchanqe r  

4,369,835 Gondy, P.R., Jr. 
1983 J a n .  25, B . J .  L a n d i s ,  K.J. L a n d i s ,  P.R. Goudy, Jr. 
165/154 
112A 
T h e r m a l  Enerqy T r a n s f e r  A p p a r a t u s  a n d  Method 

4,369,837 l lo ranne ,  J. -P .  
1983 Jan .  25, S o a i e t s  Anonyme des Wsiees Chaussoa  
365/175 
8 42B 
Tube for T u b e - P l a t e  B e a t  Bxchanqe r s  

4,36Y,t l3)  d o r a n ~ i e ,  J . - F .  
1983 Jan.  25,  S o c i e t - e  Anonyme des n s i n e s  Chausson  
165/175 
0248 
Tube f o r  T u b e - P l a t e  Beat Exchanqers 

4,369,838 Asanuma, Y. ; and  Showa, K .  
1983 J a n .  25, Aluminum K a b u s h i k i  Ka i sha  Showa 
165/185 
O4lE 
Device f nr  Re l ea  sinq Heat 

4,373,,577 R c f l i l l e n ,  R s G w  
1'983 Peb  , 15 ,  ~ n t e r n a t  i o n a l  Harvester Co. 
165/122  
0428 
He3t Exchanqe r  Assemb1.y 

4,373,578 S a p s r s t e . i n ,  Z , P .  ; E l - B o u r i n i ,  R . H a ;  a n d  flunch, J. E. 
1983 Fet. 15,  nodine Hanufactnri n q  Company 
165/141 
0420 
R a d i a t o r  with Heat  Ex~hanqer  

4,374,542 B r a d l e y ,  J. C. 
1903 Feb. 22 ,  
165/166 
042P 
U n d u l a t i n q  Pr i s m o i d  Bodules 

1 ,374 ,542  B r a d l e y ,  J. C. 
1983 Feb. 22, 
165 /156  
0 46F 
U a d n l a t i n q  Pr i s m o . i d  n o d u l e s  



4,375,83.2 Asselman, G.A.; C a s t e l i c p s ,  A . P . J . ;  and  Van ~ensvoort, .A. J. 
1983 nar. 8, U.S. .Fh i l?ps  Corp. 
165/152 I . .  . .  

0 42R 
Tube and F i n  Radiator . . 
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3,022,049 A h b o t t ,  R.W. 
1962 Feh. 20, 
257/262. 13  
042R 
Heat Exchange  ~ u b i n q  

4,018,264.  A l b e r t s o n ,  C, E. 
1977 A p r i l  19, 
165/1 
0 15C 
B o i l i n q  H e a t  T r a n s f e r  S u r f a c e  And Method 

4,2SP,783 A l b e r t s o n ,  C. E. ; N i c h o l s ,  G. U. ; a n d  Rasmussen,  3. N. 
1981 Mar, 31, Borq-warner  C o r p o r a t i o n  
165/133 
0 23C 
B o i l i n q  H e a t  Transfer S u r f a c e ,  Method o f  P r e p a r i n q  Same and 
n e t h o d  o f  E o i l i a c r  

4 ,186 ,063  A l b e r t s o n , .  C.E.; N i c h o l s ,  G.H.;  a n d  Rasmussen ,  N. 
1990 Jan, 29,  Borq-'Warner C o r p o r a t i o n  
20 4/29 
0135 
R o i l i n q  Heat T r a n s , f e r  S u r . f a c e ,  Method o f  P r e p a r i n q  Same a n d  
Method o f  ' P o i l i n g  

3 ,261 ,905  A l . l e n ,  B.P. 
1966 J u l y  19,  G e n e r a l  E l e c t r i c  Company 
174115 
153F 
Stat i o n a r y  I n d u c t i o n  A p p a r a t u s  C o o l i n q  Sys tem 

.3,128,821 R n d e r s e n ,  R. C, 
1964 B p r ,  14 ,  F l e x n n i c s  Corp. 
153/7 1 
0 22A 
C o r r u q a t o r  f o r  Beta'l T u b i n q  

3 ,128 ,821  A n d e r s e n ,  B. C. 
1964 Apr. 14, F l e x o n i c s  C o r p .  
153/71 
0 42C 
Corruqator f o r  Metal T u b i a q  

4,13Q,054 A n d e r s o n ,  J.H. 
1979 Peh. 13, 
165/76 
065D 
P l a t e   in Heat E x c h a n q e r  

4 ,159,735 A n d e r s o n ,  J , H .  
1979 J u l y  3 
165/40 
043D 
P l a t - e - F i n  flea t F x c h a n q e r  W i t h  C o n t - r o l s  T h e r e f o r  



4 , 1 5 0 , 7 3 5  A n d e r s o n ,  J . H .  
1979 J n l y  3 
165 /40  
0 43E 
P 1 a t . e - F i n  I l e a t  Fxchanqer  W i t h  C o n t r o l s  T h e r e f o r  

3,72U,094 Appel,  D.W.; and  Yonq, S. H. 
1973 Apr.  3, K i m b e r l y - C l a r k  Corp .  
34/1214 
112R 
R o t a r y  D r y i n g  Drum 

2 , 3 6 9 , 0 9 4  B r v i n s ,  N . A . ;  a n d  A r v i n t z ,  A . A .  
1944  net .  1 0 ,  
25"!/ 23 3 
072P 
Heat E x c h a a a e r  

4 , 2 9 6 , 5 3 9  Asami, T. 
1981 O c t .  27 ,  Kobe S t e e l ,  'L:t.d, 
29/157 .  3 A 
o 4 2n 
Rent. T r a n s f e r  T u b i n q  f o r  N a t u r a l  Gas E v a p o r a t o r  

< 

, % 4 , . 367 ,73 i  Asami ,  T. 
1 9 8 3  J a n .  11 ,  Kobe s tee l  & t d .  
1 6 5 1  10 9 
O44A/R 
Heat. ' r r ans f ' e r  T u h i i ~ q  f o r  N a t u r a l  G R ~  ! ? v ; i p ~ r a t o r  

4 , 3 6 0 , 0 3 8  .Asanuma, Y.; and Shawa, K. 
, . 1983 ,Tan. 25,  Aluminum K a b u s h i k i  Ka.isha Showa 

1 6 5 / 1 8 5  
041E 
Devicc for Doleasinq Heat 

4 , 3 7 5 , 8 3 2  Asselman, G . A . ;  C a s t e l i q n s ,  A.P.J..;' a n d  Van M e n s v o o r t ,  A. 9. 
19R9 P a r .  A ,  U .S .  P h i l i p s  Corp .  
165 /152  
0 4 l U  
Tube a n d  'Bin Rad.iat .ot  

U, 1 4 4 , 9 3 3  Rsselma~. G . A . A .  ; aad C a s t e l i j n s ,  A . P .  J. 
1 9 7 9  Yar 20, 
1 6 5 1 1 2 4  
9623 
Heat Exchancler 

?,7.11,732 Awe, R.C.;  B u r t o n ,  J.C.; a n d  B l a n k ,  T.G. 
1 9 7 3  Plav 8, 
1 6 5 ~ 1 8 1  
O42R 
T u b e  And Pin Reat exchanrler 



2,279,548 B a i l e y ,  E.G. 
1942 A p r i l  14 ,  
122/235 
023A 
L i q u i d  B a p o r i z i n q  Tube 

4,3 16 ,925  Bartels, E.L. ; and F l e l i n q ,  R . B .  
1977 A p r i l  12 ,  
165/141 
062D 
Hea t  E xc h a n q e r  Core  Havinq ~ x p ' a n d e d  Uetal . t i e a t  T r a n s f e r  Surf aces 

3,887,004 Reck,  T.A. 
1975 J u n e  3, 
165/179 
0 42A 
Hea t  Exchange A p p a r a t u s  

1,708,609 Beckman, J .B .  
1924 A p r i l  9, 
1 S3P 
C o o l e r  

4,31.3,494 Renq t s son ,  Fe 
1982 Feb.  2 ,  C a r l ,  Johan  Lockmans Ingen  j o r s b y r a  
165/148 
062D 
P l a t e  Heat. Exchanqe r  

2,970,669 Be rgson ,  G. 
1961 Feb. 7, 
183/2 
0858  
Condens ing  F i l t e r  

3,235,004 B e u r t h e r e t ,  C. 
1966 Peh. IS,' Compaqnie P r a n c a i s e  Thomson-Houston 
3 65/185 
0 43P 
Heat  D i s s i p a t i n q  S t r u c t u r e  

2,959,957 B e u r t h o r e t ,  C. 1. E. 
196 1 J a n .  3 1, Compaqnie P s a n c a i s e  Thomson-H o u s t o n  
257/250 
0 43P 
Electr ic  Disc ha rqe  Device  C o o l i n g  S y s t e m s  

3,046,428 B e u r t h e r e t ,  C. A. E. 
1962 J u l y  24, Compaqnie P r a n c a i s e  Thomson-Houston 
313./12 
0.4 3 P 
Aiqh F r e  quency Ene.rq J I n  t e r c h a n q e  Device  



3 ,046 ,429  B e u r t h e r e t ,  C. A. E. 
1962 J u l y  24, Coinpaqnie  F r a n c a i s e  Thomson-Houston  
313/12 
043F 
Aigh F r e q u e n c y  E n e r q y  I n  t e r c h a n q e  D e v i c e  

3,354,160 B e u r t - h e r e t ,  C.K. 
1968 May 21,  Compaqnie  P r a n c a i s e  Thamson H o u s t o n - H o t c h k i s s  Rrandt 
165/74  
0 43P 
N o n - I s o t h e r w a  1 E v a p o r a t i o n  Type Heat T r a n s f e r  A p p a r a t u s  

3 , 2 9 9 , 9 4 9  B e u r t h e r e t ,  C.A.E. 
1967 Jan. 24 ,  
165/  1 8 5  
OU3C 
D e v i c e  F o r  a a p o r a t i v e  C o o l i n q  0-f B o d i e s  And Power  Vacuum etc. 

2,935,305 Peurtheret,  C.A.E.  
1960  May 3, 
2571250 
1 42F 
Electr ic  D i s c h a r q e  Dev ice C o o l i n q  System 

3 , 0 5 5 , 6 4 3  B e u r t h e r e t ,  C.A.E. 
1962 S e p t .  25,  
2 5 7 / 2 5 0  
073A 
Heat E x c  hancrleES' 

3,306,350 R e u r t  b e r e t ,  C.A. E. 
196? Feb, 28, ~ o a p ' a q n i e  P r a n c . i s e  Thornson H o u s t o n - H o t c h k i s s  B r a n d t  
165 /105  
0 43P 
E lez tson D i s c h a r g e  T u h e  Ha wing Improved C o o ' l i n g  Means T h e r e f o r  

3 ,357 ,415  B e u r t h e r e t ,  C . 9 . E . -  
1968 F e l l .  6, Compagn ie  . F r a n c a i s e  Tbomson H o u s t o n - H o t c h  kiss B r a n d t  
16 5../1 8 5 
0 43P 
A n i c o t h o ~ m  ?vapora.t . ion R~at-Tsamsf6?r Y t c n a t  11re 

3,455,1376 E e u r t h e r e t ,  C.A.E. 
1969 J u l y  1.5, 
165/1 ' 

043X 
Heat E x c h a n q e r  

2 ,935 ,306  B e u t h e s e t ,  C. A,, u. 
1960 !lay 3, G e n e r a l  E l e c t r i c  Company 
257/250 
0 43F 
Vapor  c o o l i n q  A p p a r a t u s  f o r  E l e c t r i c  D i s c h a r q e  Devices 



3,390,667 S e u t h e r e t ,  C. A .  E. 
196'8 J u l y  2, Compaqnie  F r a n c a i s e  T b o a s o n  H o u s t o n - H o t . c h k i s s  Brandt 
12318  
0 437  
Two- S t a q e  C o o l i n g  System f o r  Heat. H a c h i n e  Components  

3 ,521,705 B e n t h e s e t ,  C, 8 . ;  a n d  Douquet ,  E. J. 
1979 J u l y  28, Compaqnie  P r a n c a i s e  Thomson H o u s t o n - H o t c h k i s s  Brandt 
165174 
0 23C 
H e a t  E x c h a n q e  S t r u c t u r e  a n d  E l e c t r o n  T u b e  I n c l u d i n q  Such  E x c h a n q e  
S t r u c t u r e  

3,840,347 Rimshas ,  J. Jr.;  a n d  B i c k e y ,  E.S. 
1974 O c t .  29,  
165186 
112 
R o t a t a b l e  F i n n e d  Heat .Exchanqer  D e v i c e  

2 ,947 ,152  Bloem, A.T. 
1960  Auq, 2,  
62/40 
0 45F 
B-X F o r  S e p e r a t i n q  Out  C o n s t - i t u e n t s  From A Gas By C o o l i n g  

3 ,735 ,175  B l o m q r e n ,  0,C. Jr. 
1973  flay 22, 
313/60 
141F 
n e t h o d  F o r  R e r o v i n q  Heat  From W i t h i n  A Vacuum And From etc,  

3,224,497 B l o m q r e n ,  0 , C .  S r .  ETAL 
1 9 6 5  Dec, 21,  
16512  
142F 
f4et h o d  And A p p a r a t u s '  F o r  ~ o w e r i n ~  The T e m p e r a t u r e  Of A ~ e a t e d  Body 

3 ,224,497 Blo,mqren, O,C.  Sr. ETAL 
1965  Dec, 21, 
16 5 /  2  
141F 
Hethod.  And A p p a r a t u s  F o r  L o v e r i n q  The T e m p e r a t u r e  Of A Heated 
Body 

3 ,224 ,485  Blsmgren., 0.C. S r .  ETAX 
1965  Dec, 21, 
158/1 
l 4 l A  
Heat C o n t r o l  D e v i c e  And n e t h o d  

3,570,606 B l o m q r e n ,  0 . C .  Sr .  ; and Blomqren, 0. C. Jr. 
1972 J u n e  20, 
82/1 C 
141P 
we thod  & A p p a r a t u s  F o r  C o o l i n q  w o r k p i e c e  And/or The C u t t i n q  etc. 



3,872,917 Rlonaqren, O.C. Sr . ;  and' B10rnqre.n~ . O . C .  3r. 
1975 March 25, 
165/1 
1 4 2 ~  
Cool inq , A p p a r a t u s  And Method Tor Heat Exchangers 

2,985,434 Bor inq,  S.A. ;Specs, E.J . ;  and ~ i e r a k ,  S.J. 
1961 Play 23, 
257/245 
042D 
Regenerator 

U ,128,125 B o r  Jesson, L O R .  : and Johansson. L . A .  
1978,Uec .  5, 
165/16 3 
oC2n 
S p i r a l  H e a t  ~ x c h a n s e r  ' 

4,162,703 Bosaeus, J . A .  
1979 J u l y  31-  
165/ 167 
0 62D 
Plate-Type Heat Exchanqer 

3,752,228 Bosse, R.C. 
1973 Aag. 14 ,  
165/ 18 4 
o w n  
'I-Tyve Segmented F i n n e d  Tube 

3,156,455 n o u l e t ,  C. 
1964 Nov. 10, Hoio-rlLPe I n t h .  Tnc, 
,263/21 
112B 
n e t . h o a  s of Plf fec t i n q  Heat Exchanqe ahil Heat T r a n s f e r  Devices Therefor 

4,317,268 Rowden, -D.R.; and Novell,  R . J .  
1982 mar. 2, S o l a r  Limited, T n c ,  
29/157.3 AH 
0 03C: 
P r o c e s s  f o r  n a k i n q  a Heater fxchanqer 

U,374,542 F r a d l e y ,  J.C, 
1953 Feb. 22, 
165/ 166 
1) 42F 
Undola t ing  Pr ismoid Plodules 

4 ,374 ,542  Bradley, J . C .  
1983 Feb. 22, 
165/166 
3 46P 
Undula  tinq Prismoid nodules  



4,098,332 B r a t t h a l l ,  L. ; a n d  L i n s t r o m ,  .R., , , 

1 9 7 8  J u l y  4 ,  . . ' I .  

165 /172  r, . 5 ;  .; 

0 42R . . ' . . '  
F i n n e d  Tuhe  Heat E xc h a n g e r  C o n s t r u c t i o n  . .  . 

3,605,872 S r a u l t ,  J .  
1 9 7 1  Sept . .  20, 
165 /1  
072A . . 

Method C a u s i n q  L i q u i d  T o  F l o w  I n  S t c e a n  O f  A n n u l a r  Gross s e c t i o n  

4 ,159 ,739  B r o t h e r s ,  Q.S.; a n d  K a l l f e l z ,  A. J. 
1979 J u l y  3 
1 6 5 / 1 3 3  
0 4  3 C  
Heat T r a n s f e r  Surf a c e  a n d  nethod of H a n u f a c t u r e  

3,613,779 Brown, C.E. 
1971 O c t .  19 ,  
1 6 5 1 1 3 3  
085C 
A p p a r a t u s  For O b t a i n i n q  Aiqh H e a t  Transfer T n  P a l l i n g  Water F i l m  

0,17 1,O 15 Bucey ,  C. W, ; Miller, K, J.; a n d  R o b i n s o n ,  R.R.  
1 9 7 9  O c t ,  16  
1 6 5 1  18 1  
0 4  2C 
Hea t  E x c h a n q e r  T u b e  a n d  N e t h o d  o f  f l a k i n g  Same 

4  , I 7  1,O 1 5  Rucey ,  C.W. ; Miller, R. J, ; a n d  R o b i n s o n ,  R . R .  
1979 O c t .  1 6  
1 6 5 / 1 8 1  
042E 
H e a t  Exchanqer T u b e  a n d  n e t h o d  of nakinq Same 

. . 2 ,923 ,643  Ruckinqham,  W .T. ,: " . 
' #  1 

1960 F e b .  2 ,  . ' 
117 /49  , ,. 

0 1  SB 
n e t h o d  O f  A p p l y i n g  A Plastic C o a t i n q  

3 , 5 3 3 , 2 6 7  B u n n e l l ,  T. R .  - . .  . ; *, 

. - ,: 
1970  O c t .  1 3 ,  T u r b o t e c ,  I n c .  . . ,  . . .  

. -  . 
7 2 / 2 9 9  
0'621 
Method a n d  Machine for Spirally C o . r r ' u g a t i n q  T u b a s  

1 , 8 3 5 , 5 5 7  B u r k e ,  S.P. 
1931  Dec. 8, . . . . 
142F \ r 

Heat T r a  n s f  er  
. . 



3 ,595 , .310  B u c n e ,  F .  A.  
1971 J u l y  27, 
165/181 
0 42B 
nodula r  U n i t s  A.nd Use T h e r e o f  I n  Heat Fxchangers  

3 , 8 7 1 , 4 0 7  Rykov ,  B . V ,  ETAL 
1975 "arch 18, 
138 /3  8 
0 43A  
Hea t  Exc  ha nqe Apparatus  

4 , 0 b 0 , 4 7 9  Campbell, I3.J.; and B i e q e r ,  K . R .  
1977 Auq. 9, 
165 /133  
0 4 3 C  
F i n n e 3  Tuhe Havinq F n h a n c e d  Nucleate B o i l i n q  Surface  

4 , 2 1 6 , 5 7 5  C a r n a v o s ,  T .  C. ; and G o l y n h i e ~ k i ,  W. J .  
1983 Auq, 12, Norz lnda  Mines ,  T,t3. 
29/597 
042A 
Plethod o f  ' ~ e f o r ~ i n ~  t h e  F i c s  of a F i n n e d  Tuhp 

2,983,115 C a s w e l l ,  H, F. 
1961 n a y  9 ,  
62/2135 
045C 
Heat T r 3 n s f e r  Device W i t h  C c l n d ~ n s a t . e  Rra inaae  ?leans 

3,?83,93R C h a  rt.et, A .  
1974 J a n .  8 ,  
165/1fi6 
072A 
U i s t u r 1 , i i l ~  Dcvicc And Heat .  E x ~ h a n q e r  ~ m b o d y i n q  The Same 

4 , 9 7 2 , 1 5 2  Cheng, D , Y .  
1978 F c h .  7, 
165/ 1 
1'12 
Pressure S t a q e d  Heat Exchanqer  

(1,,32R,961 X h e n n q ,  A . S . ;  and R e l d ? ~ ,  B.P. 
1982 Play 1 1 ,  Bor q-Warner e o r  pa.Fa,f.ioll 
165 /151  
@ 42R 
L o u v r e 6  P i n s  f o r  Heat 5 x c h a n q e . r ~  

Q , l 8 n ,  997 Chester, C .  R .  
19139 J a n .  1 
2 9 / 1 5 7 . 3  A 
042E 
fletbod o f  F a b r i c a  t i n q  Hone ycomh Heat Sxchanqer  * 



4 ,150 ,897  C h e s t e r ,  D.H. 
1980  Jan. 1, 
29 /157 .3  A 
0 4 2 8  
v e t h o d  of Fab  r i c a  t i n q  Yoneycomh Heat E x c h a n q e r  

2 ,731 ,241  Z h r i s t i a n ,  J. D ,  
1956  Jan 17, 
2  57/?9 
112C 
Heat. E xc h a n g e  D e  v i c e  

2 ,733,898 C h r i s t i a n ,  J. n. 
1956 Yeb. 7, 
257 /101  
1 1 2 C  
~io l low S c r e w  Conve y o r  P.1igh. t  

2 ,753 ,159  Z h r i s t i a n ,  J. D. 
1956  ,Tuly 3 ,  H o l o - F l i t e  Tnc .  
257/79  
112C 
Heat T r a n s f e r  D e v i c e  

2,9 1 6 , 8 0 7  C h r i s t i a n ,  J. D. 
1959 Dec. 1 5 ,  
29 /150 .8  
112C 
Heat E x c h a n q e  E q u i p m e n t  

. . 

2 , 9 1 7 , 2 8 4  C h r i s t i a n ,  J. D .  
1 9 5 9  Dec. 1 5 ,  
2 5 7 / 1 1 2  
132C 
Heat. E x c h a n q e  A p p a r a t u s  

4 , 0 5 0 , 5 0 7  Chu,  R , C . ;  a n d  Yoran, K.P. 
1977 S e p t . .  27 ,  
165/ 1  
023F 
Bet hod  F o r  Customizinq N u c l e a t e  B o i l i n q  H.  T. From ~ l e c  tronic et.c. 

3 , 4 4 8 , 7 9 1  Clark, J. 
1969 June 10,  
l 6 5 / l  
142P 
Methods And A p p a r a  trlsas F o r  Enerqy T r a n s f e r  

2 , 2 4 5 , 0 6 9  Z l a r k ,  W.B. 
1941 J u n e  10,  
257/  26 2 
042B 
Heat. Trans f cr rrn it , 



3 , 3 7 1 , 1 5 9  C o r a q g i o s o ,  Con. 
1963  J a n ,  1 ,  
1 3 8 / 3 8  
072A 
Heat 9xc ha.nqe T u b e  

2 , 9 5 8 , 0 2 1  C o r n e l i s o n ,  8 . :  a n d  W o l f f ,  E.A. Jr. 
1963 Oct. 25, 
317/231r 
0 4 3 A  
C o o l i n q  A r r a n q e m e n t  F o r  T r a n s i s t o r s  

C1 4 , 3 4 9 , 0 6 8  C o u r y ,  G. a .  
1982  Sep. 14, 
163/1 
I fiti A 
Met-hod f o r  I m p r o v e d  Tleat Transfer 

3 , 6 0 8 , 6 2 9  Cowans, K.W. 
1971 S e p t .  2 8 ,  
165/  1 6 5  
3 6 2D 
Flou C o m p e n s a t o r  For  E x c h a n q e r  A p p a r a t u s  

, 3,2 1 3 , 5 2 5  C te iq ) l . t . on ,  W .Y  . ; ? v a n s ,  5.0. ; and  McHurdy , h .  E. 
1 9 6 5  O c t . .  26 ,  
29/157. 3 
062X 
Mct hod o f  P o r m i n q  An 1nt.e.r.na.l 'R ih  I n  T h e  R o r e  O f  A T u b e  

4 , 9 3 1 , 6 3 2  clnnninqham, J.I.,; a n d  C a m p b e l l ,  B . J .  
1677 .Tune 28, 
29/157.  3AH 
0424  
Ret!r:)ll O f  f r a k i n q  I!aat T k a n y f ~ r  Tube 

4 , 3 3  1,602 Cnnn inqham,  J . C .  ; a n d  Campbell, R . ; J .  
1977  J u n e  ???, 
2Q/!S7. 3 A H  
9 42: 
Prethod O f  Yak.inq Heat T r a n s f e r  Tube . . 

3,73C,223 n n 0 n o f r i o ,  N. L .  
1973 May 1, Turbotec,  I n c .  
138 /114  
0 6 2 1  
T u h i n q  !!nit w i t h  E l e l i c a l l y  C o r r u g a t e d  T u h e  a n d  Method f o r  n a k i n q  

3,99O,R62 Dahl, M . M . :  a n d  E r h ,  '1. D. 
1976 Nov. 9, 
29/'19 1. 2  
01  3P 
L i q u  i3 Heat Sxchanaer ' I n t e r f a c e  And fl*thod 



4,093,755 Dahl ,  !Y.H.; and Erb ,  L.D. 
1979, June 6, T h e  Gates  'Ruhber  Company 
427/29 9 
0 13B 
n e t h d  f o r  n a k i n q  a L i q u i d  Heat Exchanger  Coating 

3,370,644 D a i l y ,  W.B. ; and Speca ,  E. 3. 
1968 Peb. 27, 
165/1 
142A 
ne thod  Of I n c r e a s i n g  The Rate Of Heat T r a n s f e r  

3,397,440 D a l i n ,  D.  
196R Auq. 20, 
29/ 157. 3 
022C 
flet hod O f  Makinq t ieat  Exchanger  Having  Ex tended  S u r f a c e  

4,345,644 Dankouski ,  D. B. 
1982 Auq. 24 
165/154 
0428 /C 
O i l  C o o l e r  

4,190,105 Dankowski, G. 
1989 F e h .  26 
165/ 179 
O42A 
Heat Exchanqe Tube  

3 ,827 ,343  Darm, W.J. 
1974 Auq. 6 ,  
98/115 
0 62D 
G r e a s e  C o l l e c t  i n q  Heat. Exchanqer  1 n s t a l . l a t i o n  

3 ,995,688 Barm, 8. J, 
1976 Dec. 7, 
165/165 
062D . 
9 i r  To Air Heat Exchanqer  

3,759,323 Dawson, H .  J. E%Z. 
1973 Sept. 18, 
165/166 
062D 
C-Flow s t a c k e d  P l a t e   eat Exchanqer  

3,8?8,885 D e r o n z i e r ,  J.C. ETAL 
1975 Apr il 22 , 
165/1 
105A 

. Yethod For C a u s i n g  C o n d e n s a t i o l l  I n  Drops  On R-X Tubes  



3,878,885 D e r o n z i o r ,  J.C. E T A 1  
1975 A p r i l  22, 
165/ 1 
1  OSR 
@let hod F o r  C a u s i n q  C o n d e n s a t i o n  I n  D r o p s  O n  Heat E x c h a n q e r  Tubes 

3,244,601 D i e d r i c h ,  G.E. 
l a 6 6  A p r . i l  5. 
202/236 
0 25C 
B l u t  ed Tab ula r Distillation Apparatus 

3,207,216 Dona1 d s o n ,  D. Pl. 
1965 S e p t . .  21, 
165/148 
062D 
Heat E x c h a n a e r  

4 ,002,201 D o n a l d s o n ,  'D. N. 
1977 Jan. 11,  
165/ 140 
0 620 
6911J.b i p l e  Fluid S t a c k e d  P l a t e  Heat Exchange r  

2 , 0 9 5 , 5 3 8  Drake, C. E. 
1959 July 2 9 ,  
13R/ 38 
0479 
Aeat E x c h a n q e r  C 'ondu i+  

I 

3 , 6 3 6 , 9 8 2  Drake,  C. E. 
1972 J a n .  25, 
138/38 
042A 
I n t . ~ r n a l l f t  . P i ~ ~ r ~ e i l  Tuhc And H ~ t h o i l  Of Porminq  Same 

4,133,375 Ducasse ,  3 , C . V .  ; a n d  Bouvet, a.?. 

1979 J a n .  9, 
165/92 
112 
V e r t i c a l  Seat Exehanqer 

3,687,434 D y s k i n ,  I?.!!, ETAT, 
1972 Auq. 29 ,  
266/24 
113A 
uol low Tyre O f  ~ o t a r v  Furnaces I; n e t h o d  Of Equalizing T y t e  Temp. 

r),352,392 Eastman, G,Y.  
1982 O c t .  5 ,  Thermacore ,  I n c .  
lhS/ 10 4. 25 
0 13P 
Mecban i c a l l y  Assisted E v a p o r a t o r '  S u r f a c e  



3,547,185 Eissenberg, D . H .  
1970 Dec. 
165/1 
10 5C 
Nethod P o r  P r o m o t i n q  . D r o p w i s e  . C o n d e n s a t i o n  On C o p p e r  e tc, 

, . 

2,978,797 E k e  l a n d ,  a, E. 
1961  A p r i l  1 1 ,  
29/157.3 
042C 
T a b n l a r  F i n n e d  ne ta l  S e c t i o n  And P l a n u f a c t u r e  T h e r e o f  

Y,336,838 Ely, R.J. 
1982 Jun. 29, 
165/109 T 
092A 
Reat ~ x c h a n q e  T u r b n l a t o r  

3 ,298,427 Erb, Re.&. 
1967 J a n .  17, 
165/1  . . 

O15F 
Be thod  Bnd A p p a r a t u s  F o r  D r o p w i s e  C o n d e n s a t i . o n  

3,466,189 E r h ,  R.A,  
1969 Sept. 9, 
117/  1 3 2  
O1SF 
Method P o r  I m p r o v i n q  Heat ' ! T r a n s f e r  I n  c o n d e n s e r s  

2,R 13,90 1 . F e n q e r ,  C. 
1957  l o v .  1 9 ,  
257/24$ 
OU5E 
C r o s s  F10.v Beat ~ x c h a n q e r  

4, '154,293 f e n n e r ,  G.W.; a.nd P a g i ,  E.G. 
1979 ?lay 15, 
165/ 1 3 3  
014X 
E n h a n c e d  Tube I n n e r  S u r f a c e  Heat T r a n s f e r  D e v i c e  and Piethod 

4 ,154,293 F e n n e r ,  G.W.: a n d  R a g i ,  
1979 flay 1 5 ,  
16511'3.3 
0 15A. 
Enhanced T u b e  I n n e r  S u r f a c e  H e a t  T r a n s f e r  D e v i c e  and H e t h o d  

4 ,232,728 F e n n e r ,  G. W.;  a n d  R a g i ,  E.G. 
1989 Nov. 11, . Union  C a r b i d e  C o r p o . r a t i o n  
165/ 1  
0228 
n e t h o d '  .for Enhanced Rest T r a n s f e r  



4,232,728 Penner ,  G.WJ; a n d  Raqi ,  E.G. 
1980 Nov. 11, .Union C a r b i d e  Corporat ion 
165/1 ' 

025A 
Met hod for Enhanced Reat  T r a n s f e r  

4,154,296 P i j a s ,  D . P ,  
1979 Hay 15, 
165/179 
042A 
Inner Finned Beat Exchanger  Tube 

3,840,069 F i s c h e r ,  W, ; and Gammel, G. 
1974 O c t .  8, 
165/1,05 
084A 
Heat P i p e  # i t h  A Sinte r e d  C a p i l l a r y  S t . r i i c 3 . U t e  

4,176,713 Fisher, H .  
1979 Dec. 4 
165/166 
062D 
Plate-Type Heat  Exchanqer 

3,789,915 Pord, J . A .  
1974 Feb.  5 ,  
165/1 
025C 
Process 'POT I m p r o v i u q  8 .  T, E T f i C i e n c  y And Improved I!. T. S y s t e m  

3,850,227 Ford, J . B .  
1974 Now, 26, 
1651 1 
022C 
P roces s  For Improvin q Heat T r a n s f e r  E f f i c i e n c y  etc. 

3,612,175 Ford, J.A.; and. Volfe,  W, Jr. 
1971 Out. 12, 
1 hS/179 
!?22c 
Corrugated netal T a h i n q  

1,690,1115 Fnrsshlad, N. F, 
1928 Auq* 7, 
022D 
Heat Exc hanqer 

1,680,145 Fo r s sb l ad ,  W.R. 
1928 Auq. 7 ,  
0 22P 
H e a t  Exchanger 



4 ,109 ,710  P o r s t e r ,  S. ; and Kleemann,. P. . . .  . . . , . , . .  . 
1978 Auq. 29, . - 
1 6 5 / 1 6 5  . :I 

062D 
Aea t E xc h a n q e r  . . , . 

4 , 1 4 8 , 3 5 7  P o r s t e r ,  S.; and Kleemann ,  H, 
1979 A p r i l  10,  
165/140 . . . . ,  

062E 
Heat E x c h a n g e r  Matr ix for R e c u p e r a t i v e  Heat ~ x c h a n q e  'etc. 

3 ,850 ,234  F o w l e r ,  G .  , , 

1974 Nov. 26, 
1 6 5 / 1 5 3  
0 42D 
Beat E x c h a n q e r s  

3 ,117 ,625  F r a e n k e l ,  S. J .  . ~ 

1964 Jan. 14 ,  S t  a n r a y  Corp. 
165/185 
042F 
P i l l i n q  P l a t e r i a l  f o r  Jieat E x c h a n q e r s  

3 ,422 ,S lR  P r e n c h ,  F. W, 
1969 J a n .  21, 
29 /157 .3  
0 42A 
Yethod O f  R e f o r m i n q  T u b u l a r  netal  B l a n k s  ' I n t o  I n n e r  F i n n e d  Tubes 

3 ,622 ,403  F r e n c h ,  F.W. 
1 9 7 1  Nov. 23, 
148 /11 .5  
0 22A 
P r o d u c t i o n  O f  Metal T u h i n q  With  Rough I n n e r  S u r f a c e s  

3 , 6 6  2 ,582  F r e n c h ,  F. I4 , 
1972 Play 1 6 ,  
72/363 
O42A 
Neat - E x c h a n g e  Tubinq And N e t h o d  Of Making f t 

3,75.0,709 F r e n c h ,  ' F . B ,  . . 

1 9 7 3  A n q .  7 ,  
1 3 8 / 3 8  
04211 
Heat E x c h a n q e r  T u b e  And Method pf H a k i n g  I t  

3 , 7 7 6 , 0 1 8  P r e n c h ,  F.W. 
1973 Dec. 4, 
7 2 / 3 6 7  
042A 
Tubinq With I n n e r  R a f f l e  F i n s  And n e t h o d  O f  P r o d u c i n g  It 



4 , 0 4 4 , 7 9 7  F u j i e ,  W. ETA.L 
1 9 7 7  Auq. 30, 
1 3 8 / 3  8 
0 23A 
H e a t .  'Transfer P i p e  

4 , 0 6 0 , 1 2 5  P u j i e ,  R. ETAL 
1 9 7 7  Yov. 29, 
1 6 5 / 1 3 3  
01 3C . . 

 eat T r a n s f e r  Wa'll For R o i l i n q  L i q u i d s  

4 , 1 6 6 , 4 9 8  P u j i t t ,  K. FTAT. 
1 9 7 9  S e p ,  4  
165/ 1 3  3 
045B 
B a p 3 r = C ~ 1 n d s n s i n q ,  P e a t - T r a n s f e r  Will 1 

4 , 1 9 5 , 6 8 8  F n j i e ,  P. : Nakayama,  W. : R u w a h a r a ,  H. : D a i k o k u ,  T.; and 
K a k i z a k i ,  K, 
198.3 Apr. 1, f i i t a c h f ,  ~ t d . ;  H i t a c h i  C a b l e ,  I.t,d. 
1 6 5 / 1 3 3  Y 

0 25F3 
N e a t . - T r a n s f e r  Wall f o r  condensation a n d  Method of f l r i n ~ i f a c t u r i n q  

the Same  

4 ,231 ,75R  F u j i i ,  W . ;  Oqawa, Y.;  a n d  P l o r i h i r o ,  Y.  
198  1 Sep.  2Q, M i  tsubishi D e n k i  K a b u s h i k i .  Kaisha 
1 5 5 / 1 3 3  
0 13C 
P r e p a r a t i o n  of g o i l i n g  Heat. Transfer  S u r f a c e  

4 ,216,A26 P u j i k a k e ,  J. 
1 9 8 0  Auq. 12,  F u r u k a w a  n e t a l s  C o . ,  Lt.d. 
165f1.33 
0 2 3C 
Hsat Ts?nq. f~! :  T n h f  fnr rise i n  R o i l i n a  Type Yeat B x c h a n q e r s  
a n d  f l e t h o d  of P r o d u c i n q  t h e  Same 

4,245,695 ru ' j lkake ,  J. 
'198 1 Jan. 26 ,  Furu k i i w i i  Pl e t n . 1 ~  Crs., T, t d .  
l h 5 / 1 3 3  
9 25C 
Heat T r a  nsfer Tube  f o r  Conden s a t i o n  an  d B e t  h o d  . f o r  
# a n u . f a c t u r i n q  Same 

4 , 3 1 3 , 2 4 8  F u j i k a k e ,  J. 
1 9 8 2  P e b .  2, P n k u r s w a  N e t a l s  Co., Ltd. 
29.l157.3 A 
C 2 3 C  
Method of ~ r o d u c i n q  Y a t  T r a n s f e r  T u b e  f o r  llse i n  B o i l i n q  
T y p e  Beat Exchanqers 

4,36C,,05? Punk@, K . - H .  
1982 Nov.  23,  Punke W a r m e a u s t a u s d h c r  Apparateban K G  
165/ 1 6 0  
942C 
Tube Type B e a t  Exchanqer 
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3 , 3 3 0 , 3 3 6  G o b e l ,  G .  
1967  J u l y  11 ,  
16S/ 1 fi0 
0 722 
Heat Exc hariqer ~ u b ' e s  W i t h  LO n q i t u d i n a l  Xibs 

2,432.30R Goodyer ,  H .  J ,  
1947 D s c .  4, 
210/57  
0 4 2 A  
Con3ui.t t lav ina  Annular R i b s ,  A Sump, And S e d i m e n t  Directinq Yean= 

4 , 7 6 9 , 8 3 5  Goudv, P.R., Jr. 
1983 Jan, 25, R.J. Landis, K , . Y .  Lanais, P,R. Goudy, Jr. 
165/154 
'113P 
'Thermal Enarqy Transfo r Apparatus a ~ d .  f l s*hnd 

3 # 9 $ 1 , 3 5 6  [crranetzke, D.C. 
1976 S e p t .  21 ,  
165/17Q 
9 32A 
Heat E.xehan qer 

3 , 8 2 1 , a l R  G r a n t ,  A . C .  
1974 June 28, 
117/9U 
0 15C 
P o r o u s  Het.a l l i c  la ye r   or mat ion 

4 , 0 6 4 , 9 1 4  G r a n t ,  A . C .  
1377 Dec. 2?, 
13R/142 
0 1SC 
Porous M e t a l l i c  Layer  And Formakion 

4 , 3 6 8 , 7 7 7  nrasso ,  G .  
1083 J a n .  Ifl, Centro Ricerche Fiat S . p . A .  
165 /154  
(3428 
Gas-Liquid Heat Exchanqetr 

2 , 7 9 0 , 3 1 3  G.r -ee i ' i ,  F. H. - .  
1357 A p r i l  3 0 ,  
6 2 / 1 3 6  
152 
.9xis  1 F . l c w  V o r t e x  Tuha flec'hanism 

3 , 8 6 5 , 1 0 4  G r o v e r .  G, W ,  
1 9 7 5  Feb, 1 1 ,  , . 

965/ 10 5 
022A 
Heat D i p  e A.nd -Plit.hod And Apparatus  For . F a b r i c a t i n q .  Same 



3,229,759 G r o v e r ,  GOPI. 
1966  Jan. 1 8 ,  . . 
165/  10 5 
0 1  SP 
E v a p o r  at i o n - C o u d e n s a t i  on Heat Tran,sf  er D e v i c e  ' . , t 

3,229,759 G r o v e r ,  G.H. . . 

1966 Jan. .18, . 

165 /1  0 5  , . 

083P 
~ v a ~ o r a t  i o n - c o n d e n s a t i o n  Heat T r ' a n s f  er D e v i c e  

3 ,229,759 G r o v e r ,  G.M.  . . 

1966 J a n ,  18, 
1 6 5 / 1 0 5  
085P  
E v a p o r a t  i o n - C o n d e n s a  ti on, B e a t  T r a n s f e r  D e v i c e  

4 ,351 ,389  G u a r n a s c h e l l i ,  S. 
1982 Sep. 25, 
165/14  1  
3 2 2 3  
H e a t  E x c h a n q e r  A p p a r a t u s  

3 ,438 ,433  S n n t e r ,  A.Y. 
1969 A p r i l  15, Hudson ' E n q i n e e r i n g  
1 6 5 / 1 5 1  
0428 
P l a t e  B i n s  

3 ,333 ,536  Guszmann,  M. 
1962 Mag 9, 
2 5 7 / 2 6 2 .  16 
Q42B 
~ a d i a t o r  S p s t  em . . .  

4,086,959 Hahdas ,  E.P. 
1978  May 2, 
165/155 
(3 42C 
A u t a m o t i v e  O i l  c o o l e r  ' L  

0,314,587 H a c k e t t ,  C.D. 
1982 Feb. 9, c o m b u s t i o n  Enqineering, Inc.  
1.38/ 38 
024A 
F i b  D e s i q n  f o r  Bo i l e r  T u b e s  . , 

3,247,583 Fiansson, A. ; a n d  B r i c k ,  ?I .H. 
1966 Apc. 26,  C o n t i n e n t a l  Can Company, I n c .  
29/154.3  
0 3 2 P  
Proa u c  t i o n  of E x t e r n a l l y  Pinned Sheet S*ock 



4 , 2 2 7 , 5 7 2  Har lan ,  G. S. 
1989 Oct . 1 4 ,  S e t ~ n - S c h e r r ,  InC. 
765/184 
0424 
Finn ed Tu b i n q  

4 ,029,146 Hart., W.F.; and K o e n i q ,  R . A .  
1977 J u n e  14, 
165/166 
042E 
C o r r u q a  t e d .  Sheet. H e a t  E x c h a n q e r  

3 ,777 ,343  F l a r t f o r d ,  t4. I.. D o  

1973  Dec. 11, S p i r a l  ~ u b i n q  Corp. 
29/157.3  R 
Od2A 
y e t h o d  f o r   olem mi n q  a H e l i c a l l y  carruqaled C o n c c n t r i c  T u b i n q  n n i t  

3,363,687 Wact ley ,  D.e. 
1968 J a n .  16 ,  
165 /18  1 
042E 
Heat E x c h a n q e r s  Ravinq V o r t e x  P r o d u c i n q  V a n e s  

4 ,365 ,667  H a t a d a ,  T. ; Senshu, T. ; Ara i ,  8 . :  H a r a d a ,  F.; f l a t s n z a k i ,  A. : 
a t a r i ,  H . ;  Imaizumi, Y . ;  T a k e d a ,  S. 
1482 Dec. 28, ~ i t , a c h i ,  L t d .  
165/152 
032E 
Heat R xc ha nqe r 

4,700,629 H a t a d a ,  T.; S e n s h u ,  T . :  Arai, A.;  Harada ,  P.; n a t s u z a k i ,  A , ;  
Fat .avntar i . ,  H.: rmaizumi ,  Y.; and T a k e d a ,  S, 
1381 Nov. 17, rri t.achi. L t d .  
1 6 5 / 1 5 1  
U42H 
C r o s s - F i n  T u b e  Type H e a t  E x c h a n q e r  ) 

3 ,0n9,:310 Rehele.r, R,K. 
1963 May 1 4 ,  
62/467 
9 4 3 F  
H y p e r s o n i c  Coolinq S y s t e m  

3,621,995 Heds t rom,  B.  
1971 N o V .  2 3 ,  
165/1  
094A 
Method O f  Xmprovinq T h e  E o T .  I n  A Tube Of An E v a p o r r a t o r  etc. 

3 ,273 ,599  Aeeren, H. 
1966 S e p t .  2 0 ,  
13R/38 
042A 
I n t , e s n a l  lv P i n n e d  C o n d e n s e r  Tube 



3,273,599 Veeren, 8. 
1966 Sep. 20 
138/3 8  
045A 
I n t e r n a l l y  Finned Condenser  Tube 

3,983,935 Henr ion ,  C.E. 
1976 O c t .  5, 
165/166 
O42B 
Heat E x c h a n q e r  

4,223,723 H i l a l ,  .#.Be 
1980 Sep ,  23, Wiscons in  Alumni R e s e a r c h  Fonnda t . i on  
1651133 
0 6 3F 
Beat. ~ r a ' n s f e r  i n  B o i l i n g  L i g u i f i e d  Gas 

2,960,114 Hinde ,  J. N. 
1960 Wov, 15, 
138/38 
043A 
I n n e r f  i n n e d  Heat T r a n s f e r  Tubes '  

4,332,293 B i r a m a t s u ,  IS. 
1982 J u n .  1, Nippondenso  Co., t t d .  
165/153 
0 42B 
C o r r u q a t e d  P i n  Type Heat  Excbanqer  

2,892,618 Holm; S. 
1959 J u n e  30, 
257/245 
0 42E 
A-X And C o r e s  And Extended S u r f a c e  E l e m e n t s  The.ref0.r  

4,109,709 Honda, I ;  Takasu ,  S; a n d  Onuki, Y .  
1978 Auq. 29 
165/105 
085F 
Beat Pipes, P r o c e s s  and  Appara tus  f o r  f l a n u f a c t u r i n g  Same 

4,123,837 H o r n e r ,  I.M. 
1978 N O Q .  7,, 
29/157. 3 R  , . 
0 1 4 C  . . 

Heat Transfer Method 

2,995,344 Hryn. iszak,  W. 
,1961 Auq. 8, 
2571245 
062D 
P l a t e  Type Heat. Exchanqer  



3 , 5 9 0 , 9 1 7  Huber, J .  ; and ~ o t h ,  L .  
1971 J u l y  6 ,  
1651 167 
062D 
P l a t e  Type Heat Exchanger 

2 , 3 0 5 , 4 4 7  B n e t ,  A. 
1959 Sept. 2 2 ,  
257 /262 .  14 
0 42C 
T u b u l a r  Heat Exchanqer 

2 , 9 9 8 , 2 2 8  Ruet, A. 
1961 Auq. 29 ,  
25?/262.  18 
042C 
Surf  ace Fieat Exchanqers 

3 , 1 1 1 , 1 6 8  Hilet,  A, 
1963 Nov. 19, 
165/165 
'3 42C 
Heat E x c h a n q e r s  

3 , 1 5 4 , 1 4 1  Huet, A. 
196U Oct. 27, 
165/133 
0 22C 
Rouqhened Heat Erclranqer Tuhc 

i 3 , 5 9 6 , 4 9 5  Huqqins,  H. D, 
1971 Aug. 3, 
72/96? 
0 42A 
Heat T r s n s f e r  D e v i c e  And Nethod O f  f lakinq 

3 ,693 ,394  IIuqqins ,  H .  D .  ; and Dudley, C. J. 
1971 S e p t .  7, 
165/181 
042D 
Expandable  Tube And Beat Exchanqer 

3 , 2 0 2 , 2 1 0  Hnqhes, R.W. 
1965 .  . A u ~ *  24, 
165/154 
0 32C 
Heat. Exchanqe.r 

3,20?,209 B u m m e l ,  R.L. 
1965 Sept. 21,  
1.65/1 
0 13F 
ffeans Par 1 i c r e a s i n q  The H.T. C o e f i c i e n t  Between A M a l l  And et'c. 



3,015,355 Humphrey, A . A .  
1962 J a n .  2, G e n e r a l  Gas Light Company 
153/78 
0228  
FPethd f o r  Forming S p i r a l 1  y Rihhed Tuh inq  

2,729,266 Humphrey, B. P. 
1956 Jan, 3: G e n e r a l  Gas L i g h t  Compa'ny 
153 f7  1 
062A 
A p p a r a t n s  and ne thod  for flak.inq S pira.1l.y c o r r u q a t e d  f l e t a l  ! rubes  

2,610,835 B y t t e ,  R.P.L. 
1952 S e p t .  1 6 ,  
2571245 
0 6 20 
P l a t e  Heat E x c h a n q e r  

2,623,736 B y t t e ,  R. P.L. 
1952 D e c .  30, 
257/24.5 
0620  
Pla te  Type Pasts urizer 

3,f3.25,064 I n o u e ,  K. 
1974 J u l y  23, 
165/179 
015C 
Heat Exchanger 

!4!,211,276 I t o h ,  3.; Takasuna ,  T.; I s h i k a w a ,  Y . ;  Kimura, 8 . ;  and n u s o h ,  
M 0 

1980 J u l .  8 ,  H i t a c h i ,  L t d .  
765/ 1 
0132 
Method o f  Plakinq Fin E l e m e n t s  f o r  Heat Exchange r s  

3,931,854 Ivakhnenko ,  V , V .  ETA1 
1976 J a n .  13, 
165/166 
Q62D 
P l a t e  Type Heat-Exchanae Apparatns 

3,289,756 Jaeqer, U.R.  
1966 Dec. 6, O l i n  Wat.h ieson chemical C o r p o r a t i o n  
165/155 
042C 
Beat E x c h a n q e r  

4,129,181 J a n o w s k i ,  K.R.; Shum, t9.S. ; and ~ r a d l . e y ,  S. A. 
1978 Dec, 12, 
1651133 
0 15C 
Heat Transfer Surface 



2 , 6 1 7 , 6 3 4  J e n d r a s s i k ,  G o  

1952 Nov. 11, 
257 /245  
062D 
Heat E xc hanger 

. . 
2 , 9 5 2 , 4 4 4    ens sen, S.R. . . 

1960 S e p t .  1 3 ,  
257/24 5 
0 6 2 D  
Heat Exchariqers O f  The P l a t e  T y p e :  . 

3 , 7 0 5 , 6 1 8  J o u e t ,  E.; a n d  .Rebuffe,  I?. 
1?72 Dec. 12, 
165/166 
022P ' :  , 

I .  Heat Exchanqer 

2,604,936 Kaebni, W. L. ; and Kaehn.i, F, J. 
1952 J u l y  29, 
15A/113 
l 4 l F  
?let h o d  9nd Apparatus Fo.r C o n t . r o l l i n q  'the ~e n k r a . t i o n  Of Aea t 

2,605,377 K a e h n i ,  W.L.; dWt¶ . '~a . ehn . i ,  F . J .  
1 9 5 2 , J u l . y  2 9 ,  
219 /  19 
142A 
Heat exchanqe met hod' ~ . n a  . a p p d r a ? - u s '  

3,906,694 Rak.izaki ,  K . :  and Snzumura, T. 
1975 S e p t . .  23, 
29/157.3A 
0 23F 
Yethod. F o r  ~ormi nq '  Hen t T r a n s m i s s i . v e  Wall S u r f a c e  

4 , 1 4 1 , 4 1 1  K a l n i n ,  I.M. ETAL 
1979 P e b .  27, 
lh5 /151  
8 425  
Tubular Noa t Exchanqer 

3 , 6 5 0 * 3 2 1  K a l t z .  K . L .  
1972 ? l a r c h  21. 
165/106 
062D 
S h e e t  Ye t a l  Radiator bssemhl y 

4,09U,170 Kantar .  F.W. 
I979 J u n e  13, 
6?/9 99 
112 
Rot.ary T h e r m o d y n a m i c  9 p p a r a t u s  



4,258,782 Kao, S.S.T. 
198 1 . H a r e  31, f lodine f4ann.f a c t u r i n q  Company 
165/109 T 
0 42 A 
Reat Fxchanqer  Havinq L i q u i d  T u r b u l a t o r  

3,886',976 Kardas ,  A .  ; Larson,  D. H. ; and N e s b i t t  , J . D .  
1975 J u n e  3, 
138F38 
052A 
R e c u p e r a t o r  Havinq A R e r a d i a n t  Insert . 

3,221,399 Karmazin, , J.  
1965 Dec. 7 ,  
29/157. 3 . . 

0 42B 
Method O f  Ranufac tu r  i n q  Be'at Exchanger 

3,311,165 Karmazin, J. 
1967 n a r c h  29 ,  
165/ 109 
062D 
Heat Exchanqer 

3,368,610 K a r t l u k e ,  H.; a n d  Boyd, C.A. 
1968 Feh. 13, 
165/1. 
1-33!?' 
Superhea t i n q  P r e v e n t i o n  And Roil ir iq  C o n t r o l  

3,175,960 K a s s a t ,  H .  
1965 March 39,  
202/189 
0 458 
Air Cooled  Condenser  For ~ i s t i l l i n q  Appara tus  

1,770,208 Kemnal, J .  
1930 J u l y  5 ,  
072A 
Air Heat er 

2,439,775 Kennedv, W, 61. 
1948 A p r i l  13 ,  
257/259 
112 
Heat Exchanqer  

3 , 6 0  4,501l Kessicr, S. W. .I=. ; and ~ e s s ,  J. L. 
1971 Sept.. 14,  
165/10 5 
083A 
F l e x i h l e  Heat 'Pipe ., . . 



3,267,564 K e y e s ,  J . M .  
1966  Auq. 23, 
29/157.3 
042.9 
Met hod O f  P r o d u c i n q  D u p l e x  I n t e r n a l l y  F i n n e d  Tu.b,e U n i t s  

4 , 3 6 6 , 8 5 9  K e y e s ,  J.@l. 
1983  J a n .  4 ,  
1 6 5 / 1 8 4  
0 u~ie 
R e f r a c t o r y  Heat Excl lanqe T u b e  

3 ,696 ,863  K i m ,  S.C. 
1972  O c t .  13, 
1 6 5 / 7 7 9  
0 4 2 A  
' I n n e r -  Ou ter P inned H e a t  T r a n s f e r  T u b e s  

, a  

4 ,353 ,415  K l a s c b k a ,  ,l. T. ; a n d  Davies, M. ;1. 
1q82 Oct . 12, uni ted  Ki~ iqdorn  a t o m i c  Energy A u t h o r i t y  
1 6 5 / 1 0 4 , 2 1  
0 8 4 4  
Heat. P i p e s  a n d  Thermal S i p h o n s  

Q,909 ,711  K l e i n e ,  C.R. ;  a nd M i d d l e t o n ,  V .  L. 
1978 Auq. 29, 
1 6 5 / 1 7 0  
062D 
Beat Exchange Panpl ,  

Y,123,351 Kleine, C.A . ;  a n d  M i d d l e t o n ,  V.1.. 
1978 O c t .  17, 
165/ 1 7 3  
062D 
Heat, YXC han qc Pone1 W i t h  I ~ t ~ ~ ; ~ u v e t l  Header 

3,S7:3,08i K l e p p e ,  8 . ;  a n d  T o r q e r s e n ,  0. 
9975 March 11', 
1 3 R / ? A  
P724 
Heat. E .xc ha nqe  Cond ui t 

3 , 6 0 2 , 0 2 7  K l u q ,  W.A.; and Ware, C.D, 
194 1 A u Q .  1 ,  T h e  T r a n e  Company 
72/90 
C 23B 
S i m u l t . a n e o u s  P i n n i n q  and Reforoinq o f  T n b u l a r  Heat ~ r a n ~ f e r  S u r f  ace 

3 , 6 0 2 , 0 2 7  K l u q ,  W. A .  ; a n d  Ware,  C, D. 
1371 Anq. 31, The Trdkie Company 
? 2/9 8 
042:: 
S i m u l t a n e o u s  P i n n i n q  and P e f o r m i n q  of T u b u l a r  H e a t  T r a n s f e r  Surf ace 



3,088,494 Koch, P.A.; P i r s h ,  E.A.; and Suenson, H.S. 
1 9 6 3  Ray 7 ,  
1 3 8 1  37 
0438 
R i b b e d  V a p o r  G e n e r a t i n g  Tubes 

3 ,86  2,661 Kov a l e n k o ,  L. #. ETAL 
1975  J a n .  28, 
165 /166  
062D 

C o r r u q a t e d  P l a t e  F o r  H-X And H-X w i t h  S a i d  Etc. 

3 ,174,319 Koyama, S.; S h i d a ,  J.; a n d  Nakapama, K. 
1965  H a r c h  23, 
72/96  
0 428  
n e t h o d  And A p p a r a t u s  ?or ~ a n u f a c t u r i a g  ~ n t e q r a l l y  Pinned T u b i n g  

4,2,36,578 R r e i t h ,  F. a n d  ~ o r n e l i s o n ,  R.C. 
1983 Dec. 2, Condar ,  Co.  
1 6 5 f 1 8 1  
0 4 1 8  
Heat Exz hanqe Enhancement S t r u c t u r e  

2 ,247 ,243  K r i t z e r ,  R, W .  
1941 J u n e  24, Thermek Corp. 
2 9 A 5 7 . 3  
O42R 
Heat Exchanqe E l e m e n t  a n d  Method of Ra kinq t h e  Same 

. .  2 ,247 ,243  K r i t z e r ,  R.W. 
1941 J u n e  24 
29/15?. 3 
042C 
Heat E x c h a n g e  E. lement  a n d  a e t h o d  of Na kinq the Same 

3 ,202 ,212  K r i t z e r ,  Re#. 
1 9 6 5  Auq, 24, 
1 6 5 1  1 7 9  
0420 
Heat T r a n s f e r  E l e m e n t  

3 ,229 ,722  Kr i t ze r ,  R . 9 .  
1966 Jan. 18 ,  
138/  39 
O42A 
Beat Exchanqe E.1srnent with Internal F l o v  D i v e r t e r s  .' 

3,360,043 K r i t z e r ,  R.  W. 
1967 Dec. 26, 
165/?!31 
0 42R 
Heat. O x c h a n q e r  Elements 



3,540,5.30 K r i t z e r ,  R.W. 
1970 NOV. 17, 
165/146 
0 428 

- G r a d u a t e d  Heat Exchanqer  P i n s  

4,337,026 Kri tzer ,  R .  U. 
1982 J u l .  6 ,  P e e r l e s s  of America, I ~ c .  
165/151 
0 42E 
Beat Exchanqers  and Method o f  Hakinq Same 

2,394,695 Kuenhold ,  O.J. S r .  
1946 .Feb. 12, 
261/104 
0 15P 
Evanorat.or 

-3,741,285 1(11eehc, A i f l .  
1973 J u n e  26, 
165/1 
032D 
Boundary Layer Cont ro l  of Flow Sepa ra t i on  and Heat Exchange- 

3,757,856 Kun, L.C. 
1973 S e p t .  11, 
165/1 6 6  
062D 
Primacy S u r f a c e  Heat Exchanqer And H a n u f a c t u r e  h hereof 

3,81Q,SC9 Run, L.C. 
1974 F a y  14 ,  Union Carhi.de Corp. 
165/148 
0 428 
Crass p l o w  n e a t  Exchanqet  

3,845,814 R a n ,  L.C. 
1974 Nov, 5 ,  Union c a r b i d e  Corp.  
965/148 
Q42F 
pinned p r i m a r y  ur fact, lleat B ~ c h f i n g n r  

3,US4,681 Kun, L . C . ;  and Ceikk ,  A . N ,  
1369 . J u l y  9, 
165/ 1 3 3  
023A 
Su t  face For R o i l . i n q  Liquids 

4,253,513 Kun, L.C.; and  Raqi . ,  F . G o  
1981 Yar. 3, Union Carbide C o r p o r a t i o n  
165/11 0 
3 3 5 8  
Enhancement  f o r  Film C o n d e n s a t i o n  Appa ra tu s  



4,156,459 Kosuda, H.; a n 3  Uehara ,  H. 
1979 .Hay 2 9 ,  
165/ 1 6 7  
033D 
P l a t e  Type E v a p o r a t o r  

3,771,589 L a g e ,  J O B .  

1973 NOV.  13, 
165/1 
032A 
Nethod And A p p a r a t u s  F o r  Improved  ~ r a n s f e r  O f  B e a t  

3,347,059 L a i n g ,  N o  
1967 O c t .  17, 

6 2 /3  2 5  
112  
Heat Pump 

4,131,157 L a i n q ,  N o  

1978 Dec, 26,  
165/86 
042B 
Rotary H e a t  E x c h a n q e r s  

4,133,377 L a l l e e ,  de.J.: H a r i e ,  G; a n d  f l o r a c c h i o l i ,  P. 
1979 J a n .  9, 
165/110 
3621) 
Thin-F i l m  Rea t E x c h a n q e r  

4,143,710 L a P o r t e ,  G o  E. : O s t e r k o r n ,  C. L.; a n d  N a r i n o ,  S,m. 
1979 Bar. 13, 
1651  18 2  
Oh28 
Heat T r a n s f e r  F i n  S u r f a c e  

2,241,209 Lea ,  E,S .  
1941 May 6 ,  
257 /236  
0  45C 
Finned C o n d e n s e r  T u b e  . . 

3,528,494 Leaeda.h l . ,  . FI. J. 
1979  S e p t .  1 5 ,  
165/ 10 5 
0451 
Heat P i p e  For LOW T h e r m a l  C o n d u c t i v i t y  Working F l u i d s  

4 ,065,264 Lew.in, J. E o  

1977 Dec 27 ,  
2.3/2.58. .SEH 
042C 
Rlon4 O x y q e n a t o r  W i t h  I n t e g r a l  A-X F o r  R e q u l a t i n g  etc. 



3 , 8 8 5 , 9 3 6  Limebeer, G . J . H .  
1 9 7 5  Hay 2 7 ,  
62/304 
042B 
P e a t  E x c b a a q e r s  

3 , 5 3 2 , 1 6 1  L u c k e l ,  P.A. 
1970 Oct. 6 ,  
165/ 1 6 7  
0 620 
P l a t e  Type  Heat Exchanqer  

2 , 8 9 0 , 7 2 2  L o e b e l ,  F . A . ;  and ~ w i n q ,  R. 
1943 J u n e  16,  
130138 
9 G2l 
Heat Exchanqer Tubs 

3 , 2 4 4 , 1 6 2  ~ o e  h l e . i n  , R . J .  ; and Curran,  E. E. 
1Yb6 'Dec. 2?, 
165/181 
0 U2C 
Heat. Axchanqer C o n s t r u c t i o n  And Yethod For Makinq The  Same 

4 , 1 3 ? , 1 5 9  Lonq,  W . A .  
1978 Dec. 26 ,  
1 6 5 f 1 6 6  
0 6 2 D  
Acat  Exchanqcr 

4 , 1 1 8 , 9 4 4  Lord ,  R.G.; B u s s j a q e r ,  R.C.; and Geary,  D.P. 
1978 O c t .  10, 
62 /98  
0 43A 
H i q h  P e r f o r m a n c e  Fiea t t x c h a n q e r  

3 , 1 6 7 , 9 2 7  Lynch ,  P.J,; and T a y l o r ,  P.L. 
1965 F e b .  2 ,  
h2/56 
01 5 F  
p r o m o t i o n  Of E r o p w i s e  C o n d e n s t i o n  

U ,130 ,902  Mackenroth,  J . R .  IIT; and c ode, H .  B .  
1978 Dec. 26, 
2/7 
r381.F 
Cooling Ha.thand 



4,163,474 WacDonald, R.D.; Pose ,  R . K . ;  and P a p s d o r f  
1979 Auq. ? 
165/179 
042A 
1 n t . e r n a l l y  ~ i n ' n e d  Tube 

4,163,474 MacDonald, ' R . D . ;  Pose,  R.K.; and P a p s d o r f  
1979 Auq. 7 
165/179 
042E 
I n t e r n a l l y  F inned  Tube 

4,205,395 ~ a s u t a n i ,  R. ; R o r i q u c h i ,  A .  ; and Sumitorno, 8 . .  
1909 Auq 25 
165/ 110 
0650 

. '  S t r u c t u r e  o f  F l u i d  Condens inq  and  Feat C o n d n c t i n q  s u r f a c e  o f  
C o n d e n s e r  

3,384,165 Hatheus ,  R.  T. 
1968 May 21, 
165/ 122  

- :! 042R 
Heat Exc han qer 

4,194,56Q M a t s u r a k i ,  Y. 
1980 Mar. 25 ,  Wihon R a d i a t o r  Co,, Ltd .  
165/141 
0 52A 
O i l  C o o l e r  and  Hethod f o r  Forminq It. 

'- 

2,553,142 HcCreary , K. 
19651 Say 15, 
29/157.3 
0 42C 
Method F o r  Makinq Hea t  S x c h a n q e r s  

3,339,631 d c C u r t y ,  J.A.; and Yecker, W.C. 
1967 S e p t ,  5, 
165/ 194 
043A 
Fleat. Exchanger  Ut. i l i z i n q  v o r t e x  'Plow 

3,!?31,075 !7cIJain, C.D. 
1974 Auq. 27 ,  
165/17? 
0 22u 
Heat  E x c h a n g e r  Tube 

. . 

3,861,462 McLain, C O D .  
1375 Jan. 21, 
165/179 
Q22A . . 
Reat Exchanqe T u h e  



3 ,885 ,622  PlcLain, C.D. 
1975  May 27 ,  
165/ 179 
D22A 
!!eat. Exc hanqe r  T u b e  

3 ,902 ,552  HcLain, C.D. 
1975 S e p t .  2 ,  
165/179 
222A 
p a t t e r n e d  Tubinu 

3,906,605 YcLain,  C.D. 
1975 S o p t .  23,  
2 ~ , / 1 5 ' i . : S  H 
022A 
P r o c e s ~  .For Prepa.rinq n e a t  Exchanger  Tube 

3 ,906 ,645  YcLain,  C.D. 
1975 S e p t .  23, 
29/157. 3 R 
022c 
P r o c e s s  For P r e p a r k n q  .neat  Yxchanger Tuhe 

4,373,577 Mcwi l len ,  R . G .  
1903 F e h .  15 ,  I n t e r n a t i o n a l  H a r v e s t e r  Co. 
165/122 
0 4 2 ~  
# e a t  Exchanqe r  Assembly 

4,090,559 M e q e r l i n ,  F.E. 
1978 May 2 3 ,  
165/ 179 
072A 
Yeat Transfer Dev ice  

4,03!+,80U Mei'fer, R.J.; a n d  Wulder, J. 
1??7 J u l y  12, TJ. S.. P h i l i p s  Corp.  
165/14'0 
8 4 2 B  
Motor-Ca r R a d i a t o r  

3,269,265 M e y e r ,  R .  A , ;  and Eret l ,  R.  A. 
198 1 Nsy 26, . Modine Manrlf a c t u r i n q  C0mpan.y 
1 6 s / i o 9  T 
9 32A 
T a b u l a r  H e a t  Exchanqer  w i t h  Turbu1a.t.o.r 

3,137,184 Weyecs, P.G. 
1964 J u n e  16,  
77/55 
141F 
Too l  C o o l i n q  Appa ra tu s  



2 , 9 3 2 , 4 9 1  f l i l l e r ,  L.M. 
1966  A p r i l  1 2 ,  
257 /256  
962D 
Reat T r a n s  f er !In it 

3 , 3 8 4 , 1 5 4  H i l t o n ,  R . N .  
1 9 6 8  Na.g 2 1 ,  
165/ 1  
01  5C 
Asat Excbanqer  S y s t e m  

3',523,577 M i l f o n ,  R , M .  
1979 9 u q .  1 1 ,  
1 6 5 / 1 1 0  
01  5C 
Eieat E x c h a n g e  S y s t  em 

3,587,730 Y i l t o n ,  R . M .  
1977 J u n e  28, . . 
1 6 5 / 1 1 0  

. .. 
0 15C 

. . Heat E x c h a n q e  S y s t e m  W i t h  P o r o u s  ~ o i l i r i ~  L a y e r  

: 4 ,124 ,961  M i t c h e l l ,  R.C. ETBL 
1978 Nov. 7, 
165/1  

S R 2 Y  
. . T h e r m a l  E n e r g y  S t o r a q e  U n i t  

4,35&,550 ?404ahl ,  R .  J.; a n d  L u c k e r o t h ,  V. C. 
1982  Oct. 19, T h e  T r a n e  Company 
l d 5 / 1 3 3  
0 13C 
Neat Transfer S u r f a c e  f o r  Efficient R o i l i n q  of L i q u i d  R-11 a n d  
E q u i v a l e n t s  

3,59P,1RO Moore ,  R.D. Jr. 
1971 Auq. 10, 
1 6 5 / 1 3 3  
083C 
lieat Tra n s f e r  S u r f a c e  . . S t r u c t u r e  

. r  ' 

(1,369,837 Hotanne ,  J. -I?. . . 

1 9 8 3  J a n .  25, S o c i e t e  I\nonyrne des n s i n e s  ~ h s u s s d n  
16 5/ 17 5 

- > .  

9428 - . .  

Tuhe f o r  T n h e - P l a t e  Reat F x c h a n q e r s  . , 
i '  

. . 
4 , 3 6 9 , 8 ' 3 7  Cloranne, J .  -P .  

1 9 8 3  J a n .  2 5 ,  S o c i e t e  Anonyme d2s t i s i n e s  ~ h a n s s " d  ' 

1 6 5 / 1 7 5  '. . : 
.., >:  ., P '  * ,  r ,  .,. .; 

, 4 : .... 2 - '  . '  "' 0248 - . .  

T u b e  f o r  T u b e - P . l a t e  Heat. E x c h a n q e r s  



3 , 7 3 4 , 1 3 5  Hosier, J.A, 
1973 May 3 2 ,  
138 /38  
0321  
Heat. Bxchanqer  Wit. h I n t e r n a l  T u r b u l l t e r  

4 , 3 6 0 , 0 5 5  Muell e j a n s ,  R. 
1982  Nov. 2 3 ,  Sueddeutschc !  K n e h l e r f a b r i k  Jul ius F r .  Behr GmbH & Co. 
1 6 5 / 1 0 4 . 2 1  
025b 
Process for t h e  preparation of a S u r f a c e  o f  a ! e t a 1  W a l l  f o r  t h e  
fer of  neat. 

4,314,626 Hul ler ,  W.; Gauer,  H. t Walkenhors t ,  W . ;  a b d  W i l d ,  G. 
1982 T a b .  9 ,  Hoechst A k t . i e n q ? s ~ l l . s c h  a.ft.  
I b r d i i 6 3  
062C 
Apparatus  .for a T r e a t m e n t  of P l o u i n a  Media Vhich C s u s e s  Heat 
Exchanqe  and n i x i n q  

3,332,291 ~ n l m k - ~ e n t l e  Y, D. 
1982 J u r :  . 1 ,  n .  Mulock - P e n t l . e y  arid 4 s s o c i a t  es 
165/76 
0 4ZR 
[!eat Rxchanqer Q i t h  S l o t t e d  F i n  S t r i p s  

4 , 1 8  4,543 Y vreen, 8. 
1 rS8rj *Ian. 2 2 ,  RB-Shi J J I J ~ : ~ ~  L L l l .  
165/92 
1129 
P o t a r y  ! leat  Exchanqer  

3 , 7 3 4 , 1 4 3  Nakamura, H .  ; a n d  Tanaka,  a. 
1973 May 3 2 ,  
138/177 
924A 
C r ~ s s - R i  f ' l ed  Vapor G e n e r a t i ' n q  T u b e s  

3 , 7 3 4 , 1 4 3  Nakaaura ,  H.;  and Tanaka,  R. 
19'33 M a y  2 2 ,  
138,' 177  
0225 
Cross-Rifled Vapor G e n e r a t i n q  T u h e s  

3 , ~ i  0 , 9 8 4  Nak amura, K . :  a n d  K u r o ~ a n a g i ,  
1971 J u c e  25, 
!65 /166  
0 4 2 3  
Heat, S x c h a n q e r  

9 ,146 ,Q9!?  Nakayams, I , ;  and Komana, N. 
1979 Mar. 2 7 ,  
1 6 5 / 1 6 6  
13 620 
p 1 a t . e  T y p e  Heat  Exchanaer  



3,452,147 N a r b u t ,  P. ; and N o o r e ,  C,E. 
1 9 6 9  J u n e  2 4 ,  
l 7 4 /  16 
l 0 1 P  
U o n c o n d e n s a h l e  Gas - C o n d e n s a b l e  Vapor C o o l e d  E l e c  tri. T r a n s f o r m e r  

3 ,759 ,322  N a s s e r ,  G . E . , D . ;  and  ~laldrnann., H. 
1 9 7 3  S e p t .  18,  , . 

1 6 5 / 1 6 6  
062D 
Heat E x c h a n q e r  

4,368,776 Negita ,  J, ; Yamada, Y. ; Kaneko,.  H. ; o g i n o ,  T. 
1983 Jan. 18, N i p p o n d e n s o  Co., L t d .  
165 /133  
042B 
Aluminum Heat ~ x c h a n q e r  

3 ,092 ,273  N e l s o n ,  B.E. 
1975  J u l y  1, 
165 /105  
083.9 
Heat P i p e  L o b a r  W i c k  i r i q  R r r a n q m a n t  

3,206,.381 ~ e u g e b a u e r ,  F. J. ; a n d  L u s t e n a d e r ,  E.L.  
1965  S e p t .  14, 
202/1R5 
0 1SF 
D r o p w i s e  C o n d e n s a t i o n  D i  s t . i l l . a t i o n  A p p a r a t u s  

2 , 6 3  3,066 N e w  l i n ,  J . S .  
1952  O c t .  7,  
257/262.20  
0 42B 
Finned T u b e  C o n s t r u c t i o n  

3 ,875,997 Newson, I.H.; a n d  Hodqson,  T.D. 
1 9 7 5  A p r i l  R, 
165 /110  
0 25A 
T u b u l a r  Heat  Tra nsfer Hemhers 

3,762,468 Nevson ,  I .H.; a n d  !iodgson, T. D. 
1973  Oct.. 2, 
l65'/1'77 
G 8 5 3  
Heat T r a n s f e r  Hernbers 

3,837,396 Newton, A.B. 
1974 Sep t . .  24, 
165/111 
CRSA 
Ver.t. i c a  1 S n r f  ace V R  pnr ~ o n t l e n k e s s  



3,903,962 V e w t o n ,  .A.B. 
1 9 7 5  S e p t .  9, 
1 6 5 / 1 1 3  
085R 
Conrlensa.te  G n i d i n q  A p p a r a t u s  F o r  Vertical ~ o n d e n s i n q  ~ u b e s  etc. 

3 ,989 ,104  N e w t o n ,  A . B .  
19?6 Nov, 2, 
l h 5 / 1 1 1  
08SA 
Con d e n s e r  I n s e r t s  

3 , 7 6 2 , 4 6 8  Newson, I . H .  ; a n d  H o d q s o n ,  T.3. 
1 9 7 3  Oct.. 2, 
l65/177 
08413 
!!eat T r a n s . f e r  Members 

4 , 1 8 3 , 4 0 3  N i c h o l s o n ,  T. P. 
1 9 8 9  Jar!.  15 
1 6 5 / 1 6 6  
9620 
Pla t  e Type Heat E x c h a n g e r s  

4 ,  1 5 4 , 2 9 4  N o t a r o ,  P. 
1979 May 1 5 ,  
1 6 5 /  1.3 3 
315C 
Enk nncc3 c o n d e n s s t  i n n  Flea?. T r a n s f e r  Device a n d  Method  

3 , 6 9 2 , 1 0 5  O ' C c n n o r ,  J.M. 
1972  S e p t .  1 9 ,  
1 6 5 /  18 1  
0 4 2 9  
H p a t  Exchanqefs 

3,781,959 O l C c n n o r ,  J.M, 
1 1  a n  1 ,  
29 /15? .  .3F! 
I)ll 'ZR 
Met. h o d  O f  F a b r  i ~ c a t  i n q  A Finned Heat Exchanqe Tube 

3 , 9 4 7 , 9 4 1  o ' c o n n o r ,  J . 3 . :  a n d  Pas ternak ,  S.F. 
1 9 7 6  A p r i l  6 ,  
2 9 / 1 5 3 .  3 B  
0 4 2 8  
Method O f  R a k i n q  A Heat F x c h a n q e r  

3 ,295,599 O k a m o t o ,  Y e  ETBL 
1967 J a n .  3 ,  
! 6 5 / 1 8 4  
9 420 
Heat T r a n s f e r  Fin Beat E x c h a n q i n q  Tube 



3,706,124 Oktay ,  S.; a n d  Scbmeckenbecher ,  A,F. 
1972 Dec. 19, 
29/5 76 
032D 
n e t h o d .  F o r  F o r m i n g  f ieat Sinks On S e m i c o n d u c t o r  D e v i c e  c h i p s  

3,706,127 O k t  ay , S.; a n d  Sc hmeckenbecher ,  a, P, 
1972 Dec. ,. 19, . I n . t e r n a t  i o n a l  'Bus - iness  ~ a c h i n e s  c o r p o r a  t i 0 ~  
29/576 

,041P  
Be thod  f o r  F o r m i n g  Heat Sinks pn S e m i c o n d u c t o r  D e v i c e  C h i p s  

3 ,747,670 PaPm, L.J.;  and Palm, R. B. 
1973  J u l p . 2 4 ,  
165/ 1 
072P , 

Ther ma1 F l u i d  Beater 

1 ,980 ,821  P a l u e f f ,  K.K. 
1934 Uov. 13, 
.175/265 
'141P 
Heans For C o o l i n g  ESectr.ica1 Apparatus 

4,073,340 P a r k e r ,  K.0, 
1978 Feb,  14, 
165/166 
062D 
Formed P l a t e  Type H e a t  E x c h a n g e r  

2,244,800 P a s c a l e ,  PI, 
1941 J u n e  10, 
257/262 
042A 
H e a t  T r a n s f e r  Tube 

2 ,244,800 P a s c a l e ,  1. 
1941 J u n e  18, 
257/262 
0 42C 
Heat Tra n s f  er Tube 

3,746,086 P a s t e r n a k ,  S.P. 
1973  J u l y  17, 
165/181 
042B . . 
Beat E x c h a n g e r s  

3,877,597 P a s t e r n a  k ,  S. Pa 
1975,  A p r i l  15 ,  
765/146 
0428 
H e a t  E x c h a n g e r s  



3,901,312 P a s t e r n a k ,  S. Pe 
1975 Auq* 26, 
165/181 
042R 
Heat E x c h a n q e r s  And Method O f  flakinq Same 

3,797,559 Paul, R o s e :  and Ueiler, D o W e  

1974 n a r c h  19, 
165/1 
165A 
Rotary Heat E xchanqer And Appa ra tu s  

3,215,195 P a u l s ,  T o F o  

1965 N O V ~  2* 
165/179 
0 42C 
neta.1 Fabrica t i .on  

3,502,177 Paw lowski.  J1 

1970 narch  24, 
165/ 1 
112 
Nethod O f  ~ n t a n s i f  y inq H.T.  I n  Worms Bavinq  Ir Single spindle 

3 ,394 ,736  Pea rson, 9. P. 
1968 J u l y  30, 
138/38 
042A 
Internal rfnned T u b e  

3,407,R71 Penney,  W . P .  
11968 Oct .29,  
165/85 
972A 
Beat E x c h a n q e r  

3 ,410,533 Penney ,  W.R. - r 

1968 NUV. 12, 
a5919 
1123 
Hixi nq Rqnipment 

2,R77,00G PersQn, F=W. 
1959 a a r c h  1 0 ,  
257/245 
O42E 
Heat Exc h a n q e r  

1,931,269 P h i l i ~ p ,  L.A. 
1933 O c t .  17, 
62/126 
OS4A 
R e f r i q e r a t i n g  System I ,  



3,831,664 P o q s o n ,  J.T. 
1974  Auq. 27, 
165 /80  
062D 
Aeat P i p e  I n t e r f a c e s  

3 , 0 4 5 , 1 3 8  P o h l ,  Be J e  

1962  J u l y  17, 
313121  
023C 
E l e c t r i c a l  D i s c h a r g e  T u b e  

3 ,269 ,459  P o p o v i t c h ,  D. 
1966  Bug. 3 0 ,  
165/ 140 
0429 . . 
E x t e n s i v e  S u r f  ace Heat E x c h a n g e r  

. . 
, ' 

3 ,9  16 ,984  P r o p e r z i ,  I, . . 
1975  No?. 4, 
164/2?8  

. , .  

152 
C o o l i n g  Device  or' C o n t i n u o n  r ca ' s t . inq  H a c h i n e  

2.87 3,954 P r o t z e ,  C. 
1 9 5 9  F e b .  17 ,  T e l e f u n k e n  GmbH, B e r l i n  
257/250 
033P . 
Heat E x c h a n q e r  f o r  Ylect r ic  D i s c h a r q e  Tube  

3,68 4,007 R a q i ,  E. G. 
1972  Auq. 15 ,  
165 /133  
0 33c 
C o m p o s i t e  Structure F o r  B o i l i n g  L i q u i d s  " ~ n d  

. , 
2,161,887 Ramsaur, W.R. 

1939 J u n e  13, 
138 /38  
072A 
Turh  u l e n c e  Strip For R a d i a  t o r  T u b e s  

Its Form a t  i o n  

. . . . - ,, 
3 ,196 ,634  R i c h ,  DOG. , . 

E . .  . . 4,' l . ' . )  

1 9 6 5  J u l y  27, *. . r 

62/39 4 , . 

0 15C 
\ R c f c i q e r a t  ion System 

, u 3,768,291 R i e q e r ,  K.R. 
1973  O c t .  30, Universal O i l  P r o d u c t s  
7 217 8 
022A 

i ' 

8 ' F ? .  
!let. h o d  n f  Pormi nq Spir a1 R i d l o $ '  on' the. '1 nsld-o" ~ i a m c t c r  of 
~ x t e r n a l l y  ~ i n n e A  'rube 



3 , 6 7 5 , 7 1 0  R i s t o w ,  R.E. 
1972 J u l y  1 1 ,  
165/ 1  
075A 
H i q h  E f f i c i e n c y  Vapor Condenser and nethod  

3 , 6 7 5 , 7 1 0  Ris tow,  R . E .  
1972 J u l y  1 1 ,  
16S/ 1 
1 S5A 
Hiqh E f . f . i c i e n c y  Vapor Condenser and Plethod 

7,526.26P Rohinson ,  M. 
1970 Sept. 1, 
165/1 
l 4 2 Q  
Corona Discharge Reat r ran sf er 

2 , 5 1 4 , 7 9 7  Robinson,  R.S. 
1950 J u l y  1 1 ,  
257 /73  
132A 
Heat Exchanqer 

2,U63,997 Rodqers,  J .  S. 
1949 flarch 8 ,  
29/157.  3 
9428 
r3et.hod Of n a k i n q  E x t ~ r n a l l y  A n d  I n t e r n a l l y  p i n n e d  Tubes 

2 ,463 ,997  Rodqers, J.S. 
1949 March 8 ,  
29/157.  3 
042c 
P l c t h ~ i !  O f  Haki.nq E x f e r n a l l y  And I n t e . r n a l l y  P inned  Tubes 

3 , 2 1 7 , 7 9 9  Rodqers, J .  S. 
1965 N O Q .  1 6 ,  
163/179 
0251 
Steam Condenser Of The Water Tube llype 

7 ,508 ,698  Roe, B . C .  
4970 A p r i . 1  2 0 ,  
765/  179 
085C 
condenser Tubes 

3 , 2 9 0 , 6 8 3  R o q e r s ,  P..A. 
1966 d a r c h  15, 
202/173 
, ~ 5 n  
Distillation Apparatus For T r e a t i n q  Sea Water T o  Produce etc. 



2,591,878 R o q e r s ,  P.S. ETAL 
1952  A p r i l  8, 
257/245 
0 32D 
OxYq e n  R e q e n e r a t  o r  

4 ,368,779 Rojey ,  A * ;  a n d  Cohen,  G.  
1983 J a n ,  18 ,  I n s t i t u t  ~ r a n c a i s  du p e t r o l e  
165/  1 6 5  
0 4 273 
Compact. Heat  E x c h a n q e r  , 

3 , 3 7  1,709 Ros en t l a d ,  C. I?. 
1968 # a r c h  5, 
165 /115  
065D 
Fa.1l i .nq  F i l m  P l a  te H e a t  E x c h  a n q e r  

3 ,976,126 R u f f ,  K. 
1976 Auq. 24, 
165/110 
0 428 
Air C o o l e d  S u r f a c e  Condenser 

.2 ,097,104 S a h a ,  A. I?, 
1937 O c t .  26, 
257/24R 
072A 
Beat. Txc'hanqe Apparatus 

4 ,179,911 S a i e r ,  M.: Kastner, H-W.; and K l o c k l e r ,  R. 
1979 Dec, 25 ,  Wie land-  Werke Aktiengesellschaft 
7 2/7 8 
023R 
Y a n d  T - F i n n e d  Tubes a n d  Method,s ana A p p a r a t u s  , f o r  T h e i r  Hakinq 

4 ,359,086 S a n b o r n ,  D. F.; Flolman, J. L. 7.; a n d  Ware, C. D. 
1982 Nov. 16, The T r a n e  Company 
165/ 13 3 
99 7C 
Heat F x c h a n q e  S u r f a c e  w i t h  P o r o u s  C o a t i n q  a n d  Subsurface c a v i t i e s  

U,373,578'  S a p e r s t e . i n ,  Z . P . ;  E l - P o u r i n i ,  R , t l . ;  a n d  ~ u n c h ,  JOE. 
1983 F e b .  1.5, Hodine ~ a n u f  a c t u r i n q  Company 
165/141 
042B 
Rarliat o r  w ith Heat F x c h a a q e r  

3 ,973 ,623  S a r l l ,  P.G. 
1976 Auq. 10 ,  
16!5/94 
112 
Heaf, Qxchan qe A p p a r a t n s  



4 , 3 3 0 , 0 3 6  S a t o h ,  Y ;  a n d  J!iqo, T. 
1982  May 18,  Kobe S t e e l ,  L t d .  
1 6 5 / 1 7 9  
0 4SC 
C o n s t r u c t i o n  o f  a H e a t  T r a n s f e r  Wall a n d  Heat T r a n s f e r  Pine 
and n e t b o d  of P r o d u c i n q  Y e a t  T r a n s f e r  P i p e  

4 , . 339 ,036  S a t o h ,  Y ;  a n d  S i q o ,  T. 
1982 May 1 8 ,  Kobe Steel, Ltd. ' , - .  . 
? 6 5 /  179 
0228 
C o n s t . r n c t i o n  o f  a Heat  Transfer Wall a n d  H e a t  T r a n s f e r  Pipe 
a n d  Method of P r o d  u c i n a  Heat T r a n s f e r  P i p e  

4 ,283 ,n;14  Schate, F.; an11 Z i ~ r n ~ k ,  G. 
19R! Auq. 14, K a b e l - u n d  ~ e t a l l u e r k e  G u t e I r o ~ T n u n q s h u e t t e  AC 
29/157.4 
0 22A 
Method f o r  ~ l a n u f a c t u r i n q  Heat R x c h a n q e r  T u b i n q  

3,66'9,1,86 S c h a u l s ,  'J. J. : 

. . 
1972 J u n e  1.3, 
165 /166  
u 6 0213 rl 

D i s t r i b u t o r  For P . l a t e  Type  Heat Sxchan  q e r s  H a v i n q  E n d  H e a d e r s  . , 

.: 3 ,860 ,065  S c h a u l s ,  J. J. 
1975  Jan. 1 4 ,  
1A'.5/ 16  5 
062E 

. , D i s t r i b u t o r  F o r  Plate T y p e  Heat E x c h a n q e c  Hav inq  Side H e a d e r s  

3,q!33,19 1  S c h a u l s ,  J .  J .  
1976 S e p t .  2 8 ,  
26 I,/ 1 1  l!P 

0 62D 
Brazed P l a t e  Type H - X  For N o n a d i a b a t i c  R e c t i f i c a t i o n  

3 ,559 ,722  S c h a u l s ,  .I .L .  ; and 9unca1f,  F.D. 
1971 Feb. 2, 
159/16  
962D 
Method And 3 p p a r a t . u ~  For Two Phase g.X.  F l u i d  D i s t r i b u t i o n  etc. 

0 , 2 6 5 , 1 2 6  S c h . l a d i t z ,  H.J. ) ' , I  

1977 Nov. 29, 
165/ 133  
022F 
't!.~. Retween s o l i d s  n n d  F . l n i d s  u t i l i z i n g  P o l y c r y s t a l l i n e  etc. 

4 ,660 ,126  S c h l a d i t z ,  H. J. . . .  . . 
1977,  Nov, 29 
165/13:3 
0 41 F 
n e a t  m r s n s f e r  Between Solids a n d  F l u i d s  U t i l i z i n q  P o l y c r y s t a l l i n e  
!?eta 1 



1 ,916 ,337  S c h m i d t ,  W. A. 
1933 J u l y  4, 
072A 
Heat I n t  erchanging A p p a r a t u s  

1,9 1 6 , 3 3 7  S c h m i d t ,  W ,  A.  
1 9 3 3  J u l y  4 ,  
10 2A 
Heat I n t e r c h a  n q i n q  A p p a r a t u s  

4 ,074 ,753  S c h m i t t l e ,  K. V. ; a n d  S t a r n e r ,  K.E. 
1978 F e b .  21, 
165 /184  . + 

0 4 3 C  
Heat. T r a n s f e r  I n  P o o l  B o i l i n q  

3 , 2 0 9 , 0 6 2  S c h o l z ,  C.P. 
1 9 6 5  S e p t .  28,  
1 7 4 / 1 5  
042E 
Noun t i n q  And C o o l i n q  Syst. F o r  S e m i - C o n d u c t o r  Heat G e n e r a t i n g  DeV.  

. 3 , 1 6 3 , 2 0 7  S c h u l t z ,  R . T .  
1964  Dec. 29, 
1 6 5 / 6 8  
0 42F 
Aeat D i s s i p a t i n q  M o u n t  F o r  ~ l e c t r o n i c  C o m p o n e n t s  

3 , 8 0 4 , 1 5 9  S e a r i q h t ,  E.F.; a n d  E r o s e n s ,  P . J .  
1974  A p r i l  1 6 ,  
l 6 5 / 1 0 9  
0428 
,let I m p i n q e m e n t  F i n  C o i l  

4 , 1 0 8 , 2 4 2  S e a r i g h t ,  E.F.: a n d  P l a n a w n ,  P. 
1978 Auq. 22 ,  
1 6 5 / 1 6 4  
0 C 2 D  
Jet I m p i n q e m e n t  Heat E x c h a n q e r  

3,457,982 S e p h t o n ,  H. 8 ,  
1 9 6 9  J u l y  29,  
1 5 9 / 1 3  
076A 
E v a p o r a t i u u  a n d  D i s t i l l a t i o n  A p p a r a t u s  

3,[123,294 S e p k t o ~ ,  B. H. 
1969  J u n e  21, 
203 /10  . - .  
074A 
Vortex F l o w  F i l m  D i s t i l l a t i o n  P r o c e s s  



'3,6,48,754 S e p h t o n ,  H . H .  
'. 1972 klarch 14, 

153/13.9 
074A 
Vort.ex F l o w  For Enhancinq I n t e r f a c i a l  Surface 6 Beat. & Hass Transf  

3 , 0 4 5 , 2 5 4  S e p h t o n ,  H . A .  
1974 N O V .  5, 
293/11 
085A 
1nt.er.face gnhancerneat App. l ied  To Evaporation of' L i q u i d s  

3 , 8 4 6 , 2 5 4  S e p h t o n ,  H . H .  
197% m0v.5.  
203/11 
0 42A 
Interface .Enhanceluellt a p p l i e d  T o  ~ v a p o r a t . i o n  o f  ~ . , i , . g n i d s  

1 , 8 3 8 , 9 4 3  shervood, T . R .  
1937 Dec. 22, 
117.F 
Appa.ratus A.nd nethod F o r  Heat Exchanuers 

4 , 0 9 5 , 6 4 8  S h i p a s ,  K.V. 
1070 J u n e  20, 
165/162 

O Y 2 R  
TUIK e und IQ s 

3 , 8 1 4 , 1 7 2  S h o r e ,  D.T. 
1974 J'une' '4, 
165/12 
122D 
Heat. F!tchanqers 

4 , 1 8 2 , 4 1 2  Shum, M. S .  
1383 J a n .  9, TJOP Inc. 
165/333 
3 238 
Pi.nned Hea.t  Transfer  T u b e  with' Porous  B o i l i n c j  S u r f a c e  and 
flet.hod for P r o 4 u c i n q  Same 

2 , 7 8 9 , 7 9 7  S i m p e l a a r ,  C .  S. 
1957 A p r i l  23, 
257/ 24 5 
0425 
Yeat Exchanqer Fin S t r u c t u r e  

4 ,09U,165  S i s k ,  P .J .  
1 9 7 8 , J u n e  1 3 ,  
6211  15 
112  
Loss Heat  S u p p r e s s i o n  l p p a r a t u s  And Yethod For' F e a t  pump 



3,759,050 S l a a s t e d ,  R.S . ;  a n d  Dudley,  J . C ,  
1973 Sept. 1 8 ,  
6  2/9 3  
065D 
Uet.hod O f  C o o l i n q  A Gas And Removinq f l o i s t u r e  There f rom 

4,311,187 . S m a l l ,  W.M. 
1982 J a n ,  19 ,  P h i l l i p s  P e t r o l e u m  Company 
165/ 1  
032C 
V o r t e x  G e n e r a t o r s  

4,044,796 Smick,  B.H. 
1977 Aug. 30, 
1381 38' 
0728 
T u r b u l a t  o r .  

4,296,779 Smick,  R. H. 
1981 O c t .  27, 
138/38 
032A 
T u r b u l a t o r  with Ganqed 'Strips 

3,398,784 Smi th ,  J.V.; and Gowen, R . A .  
1968 Auq-27,  
165/1 
0 22A 
nethod  O f  H e a t  Exchange w i t h  Biqh V i s c o s i t y  L i q u i d s  

4,126,177 S m i t h ,  R.L.; and  Yann, C.C. 
1978 Nov. 21, 
165/9 1 
112 
Dual S c r a p e d  S u r f a c e  Heat Exchanger  

2,870,999 S o d e r s t r o m ,  S.H. 
1959 J a n .  27, 
257/262.20 
0 42C 
Heat E xchanqe  E lemen t  

3,807,496 S t admark ,  N.H.G. 
1974 A p r i l  30 ,  
lh5 / l f i7  
062D 
Heat Exchange P.1 a t  es 

3,289,752 S t a  ub, F.V. 
1956 Dec, 6, 
165/110 
0.35D 

. C o n d e n s i n g  Heat T r a n s f e r  Device 



3,887,759 Staub, F e w . :  and Kosky, P.G. 
1975 J u n e  3, 
174/15 R 
0 23P 
E v a p o r a t . i v e  C o o l i n q  S yst. Employing L i q u i d  Film E v a p o r a t i o n  etc, 

3,187,812 S t a v e r ,  E.P. 
1965 J u n e  8, 
165/185 
0 42R 
Heat D i s s i p a t  o r  F o r  E l e c t r o n i c  C i r c u i t r y  

3,OSfi,5R7 S t e i q e r w a l d  , R. 8. 
1962 O c t .  2 ,  
257/1 
142P 

Methods O f  E f f e c t . i n q  A Aiah R a t e  Of :B,T. From !i Hea ted  Surf, etc, 

3,228,464 S t e i n ,  W. J,; and  R a n t h i n ,  C.  R. 
1966 J a n .  11, 
165/166 
062D 
C o r r u q a t e d  P l a t e  C o u n t e r  Plow Heat Exchanger  

1,716,743 Still, W. J. 
1929 J u n e  11  
042B 
Heat  Yra nsmi t t . i t ig  Tube 

4,351,392 Stockman,  A .  F. 
f Y  1982 Sep.  28, Combust ion E n q i n e e r i n q ,  I n c ,  

165/186 
0 42A  
Heat  Exchanqe Tube w i t h  Beat A h s o r p t i v e  S b i e l d  

4,121,654 Stockman, R , F .  
'1978 O c t .  24, 
16S/6 
112 
Dry C o o l i n g  Tower 

2,118,860 S t n n e ,  R.H.: and ~ i l l e y ,  E.P.  
1930 May 24, 
257/262 
0 42B 
pinned Tube 

4,180,129 Sumitorno, 8. 
1979 Dec. 25, Hisaka Works, Ltdo 
165/110 
365D 
P l a t e  Type  c o n d e n s e r  



4,184,542 Sumitomo,  H e  
1983 Jan. 22, Risaka Works,  L td .  
1651166  
065D 
P l a t e  Type  C o n d e n s e r  

4 ,216,825 Sumitomo,  H e  
' 1980 Aag. 12, R i s a k a  Works, L t d .  

165/109 R 
013D 
P l a t e  T y p e  E v a p o r a t o r  

4 ,228,850 Sumitomo,  H. 
1983 O c t .  21, B i s a k a  w o r k s ,  L t d .  
165 /110  
0 6 5 0  
P l a t e  Used i n  Conden-ser  

4,347,R97 Sumitomo,  H.; and  U e h a r a ,  B. 
1982,  Sep. 7, R i s a k a  Works, L t d .  
1 6 5 / 1 6 7  
152D 
P l a t e  Type Heat E x c h a n q e r  . * 

4,314,605 Sutni tomo,  H .  ; Doi, M. ; K o b a y a s h i ,  K.; ~ u k a m i ,  R.; and 
K a v a n i s h i ,  K. 
1982 P e h .  9 ,  f f i s a k a  Works, Ltd. 
165 /110  
0 8 50 
Con denser 

: . 4 , 1 8 2 , 4 1 1  Sumitomo,  R.;  Fukami ,  K ; ,  K o b a y a s h i ,  Re: Doi, I J . ,  K a w a ~ i s h i ,  
K. a n d  Y o s h i d a ,  K. 
19R9 J a n .  R, Hisaka  Works ~ t - d .  
165/110 
065D 
P l a t e  Type C o n d e n s e r  

3,566,514 S z u m i q a l a ,  E.T. 
' 1971 r l a r c h  2,  

29/558 
023F 
Flanu f a c t  u r  inq Uethod FG B o i l i n q  S u r f a c e s  

3 ,457,990 T h e o p h i l o s ,  N.P.; a n d  Wanq, D . I . J .  
436P J u l y  29, 
165/133 
0 23A 
H n l t i p l e  Passaqe Heat  F x c h a n q e r  U t i l i z i n g  N u c l e a t e  B o i l i n g  

3 ,457 ,990  T h e o p h i l o u s ,  N. P. ; a n d  Wanq, D. I. J. 
1969 J u l y  29, 
1 6 5 / 1 3 3  
0458 
~ d l t d p l e  Passaqe H e a t  Yxchanqer  u t i l i z i n g  N u c l e a t e   oiling 



3 ,302 ,701  Thomas, D o G o  
1967 P e b o  7', 
1651 109 
022F 
T u r b u l e n c e  Promoter For Tncr eased Heat. And H a s s  Transfer 

3 , 3 9 2 , 7 0 1  Thomas, D.G. 
1967 P e h .  7,  
165/109 
0 26P 
T n r h u l e n c e  Promoter For I n c r e a s e d  Heat and Nass  T r a n s f e r  

3 , 3 5 8 , 7 5 0  Thomas, D . G .  
1967 D e c .  19, 
165/177 
0 3SC 
condenser Tube  

3,851,342 T h O r n e ,  J e K o  
IQ75 May 6 ,  
7 2/6 8 
0 4 3C 
Yethod For ?laking Tnteqral  F i n n e d  T u b e s  For Submerqed B o i l i n q  

4 , 3 5 9 , 1 4 7  Thorne, J.K. 
1977 Nov. 2 2 ,  
165/133 
OU3Z 
I n t ~ q t  a1 P i n n e d  Tuhe For Suhmef;qed B o . i l i n q  A pp l . i c a  t i o n s  e t C r  

3 ,43 .3 ,294 r i m s o n ,  W.J. 
1969 ?larch 18, 
165/1 
Ol5F 
B o i l i n q  IIeat T r a n s f e r  Sys.tem 

4,22R,RS2 T o q a s h i , .  .&. 
190.3 O c t .  31 
16511 7 3  
,322A 
Tubular Body 

4 , 2 4 5 , 6 9 7  ToqaShJ., A. 
1901 Jail. 20 
165/179 
rS22A 
T u b u l a r  Body- 

.3,529,661 T O U S C ~ ,  TI 
1973 S e p t .  22, \ 

155/87 . 

112B 
~ 0 f . s  r y  f l a t e r i a l  Processor w i t h  Bollow Plater ia  1 C o n t a c t i n g  Elements 



2 ,181 ,927  Townsend ,  A . J .  
1939  Dec. 5, 
29/157.  3 
16SA 
Heat E x c h a n g e r  And Net hod O f  Mak inq  Same . 

2 , 2 2 7 , 6 8 9  Townsend ,  A. J.  ; a n d  Rascombe ,  F. J. 
1941 J a n .  7 ,  
257/  26 2 
0425  
F i n n e d  T u b i n q  O r  T h e  L i k e  

4 ,286 ,655  T r o  j a n i ,  B. L. 
1981  S e p .  1 
7651 179 
042A 
F i n n e d  T n b e .  f o r  Heat. E x c h a n q e r s  

4 ,300 ,633  T r o j a n i ,  B.L. 
1981 Wov. 1 7  
165/1131 
0 428 
Pinned Metal T u b e  an3 Method f o r  Mak inq  the Same 

4,30.6,619 Tro  j a n i ,  B, .L.  
1981  Doc. 2 2  
1 6 5 / 1 7 9  
042A 

.., Tube  P r o v i d e 3  w.i+.h Tnner P i n s  a n d  Outer F.ins or Pins, 
P a c t i c u l a r l y  . f o r  Heat E x c h a n q e t s ,  a n d  tlethod The.mfor 

.4,186,798 T a e l u i k o ,  J .  I.; K u t s y k o v i c h ,  D.B. ; S h a b e l n i k o v a ,  L. A. , 
K h o l o n o v ,  V. ,  S c h e k i n ,  N. G.. G r i t s u k ,  L . D . ,  K a t s e n e l e n b o g e n ,  L , B .  
1980 Feb. 5 
1 6 5 / 1 4 7  
0 548 
Tubular C o o l e d  Hemhers  o f  H e t a l l u r q i c a l  F u r n a c e  

Q ,230 ,179  U e h a r a ,  B . ;  a n d  H i y o s h i ,  PI. 
l Q R O  O c t .  25, I i a r u o  U e h a r a ;  Tokyo Shibaura Denki Kabushiki Kaisha 
165/ 11 3 
0 6 9  
P l a t e  Type C o n d e n s e r s  

4 , 2 3 7 , 9 7 3  U e h a r a ,  H,; a n d  f l i y o s h i ,  M .  
1980 Dec. 9, A a r u o  U e h a r a ;  D e n k i  ~ a b u s h i k i  K a i s h a  
165/111) 
095D 
P l a t e  T y p e  C o n d e n s e r s  

4 ,184 ,544  lJllmsr, H , J .  
1980 J a n .  22  
165/  1 8  4 
0410  
A p p a r a t u s  and n e t h o d  f o r  R e c o w e r i n q  Waste Heat Prom F l u e  Gases 



2 ,919 ,115  Vaaler, L . E .  
1959 Dec. 2 9 ,  
257/ 58 
0 15P 
Tmpreqna t e d  Porous Condenser  S us f ace  

2,962,265 Van Luik ,  Jr. ,  F.W. 
1960 Nov. 29,  
257 143 
145R 
Vapor-Liquid Phase  Convers ions  

2,962,265 Van Luik ,  J r . ,  F.W. 
1960 Nov. 29,  
257143 
145C 
Vapor-Liquid Phaac Convcraion 

r1,311,193 Ver haeqhe ,  R. C. ; and  Hoqqi ns, H. D. 
1 I I ? ,  f l r , { l i n e  ~n~rnfa t : t . r i r : i . r~g Coap i l  rly 
165/ 149 
D 4 2 B  
Serpen t . i n e  F . i n  Seat. Exchanger 

4,346,76? Sida .1-Yeza,  G.D. 
1982 Aug. -31, C a t e r ~ i l l a r  T r a c t o r  Co, 
1hS/ 166 
9U2E 
Aeat E x c h a n q e r  Plate Havinq D i s t o r t . i o n  R e s i s t a n t .  r lniform Pl.t?ats 

Y,286,366 V i n v a r d ,  P. E. 
1981 Sep. 1, Phillips Pet ro leum Company 
29/157.4 
03ic/n 
aethod for t-he C o n s t r u c t i o n  of a Baffled Heat ~ x c h a n ~ e r  

4,186,779 H a q n ~ r ,  U * T .  
1983 F e b .  5, Dayco C o r p o r a t i o n  t I ,  

13R/121 c 

C 22.4 
Corruqated Vetal  T u b e  I . 

3,289,209 Wal l ,  A,J,: a n d  Palmer,  A. 
1966 Nnv. 29 ,  
165/184 
0 420 
Heat T r a n s n i t t i n q  T u b e s  A a r i n g  H e l i c a l  P i n  n e i n s  

' 

, . 

.3 ,Q55,617 Walsh, J . C .  
1975 May 1 1 ,  
165 /94  
112 
S w e p t  S u r f a c e  Heat Exchanaer Vit 'h Dua'l Heat Exchange Media 



3,326,283 Ware, C. D. 
1967 J u n e  29 ,  
165/ 18 1 
OU3C 
Heat T r a n s f e r  S u r f  ace 

3,225,820 W a r t e n b e r q ,  K .  
1965 Dec. 28, 
165/122 . 

O45E 
A i r  C o o l e d  Reat e x c h a n q e r  F o r  C o o l i n q  x i q u i d  ~ l e d i a  

3,534,555 Fehb,  J, E. 
1970 O c t .  20,  
60/2 17 
092A 
laminar Flow Enhancemen t  

3,521,768 Webb, 9 . T .  
1970 J u l y  28, 
165/ 186 

. . .  
043C 
Heat T r a n s f e r  S u r f a c e  Which P r o m o t e s  nucleate E b u l l i t i o n  

3,696,861 Webb, R.L. 
1972 O c t .  10, 
165/133 
043C 
Heat T r a n s  f e r  Su r . f  ace Havinq A H i q h  ~ o i l . i n 4  H .  T. C o f f  i c i e n t  

4 ,223,539 Webb, R. L.; a n d  Y o u q i n ,  L.J. 
19R3 Sep .  23, T h e  T r a n e  Corpany 
62/476 
086C 
Apparat,us f o r  A h I o r b i n q  a Vapor i n  a L i q u i d  a n d  A b s o r p t i o n  
Refr i q e r  at. i o n  System T n c o r  p o r a t i n g  Same . . 

3,595,299 W e i s h a u p t ,  J. : tlaldmae, ' 8 . :  a n d  Harina; T. 
1971 J u l y  27, 
159/28D 
0 32A 
A p p a r a t u s  F o r  T h e  E v a p o r a t i o n  Of +ow Temp. L i q u i f i e d  Gases 

2,872,165 W e n n e r b e r q ,  F . J .  
1959 Peb.  3, 
257/245 
0620 
Plate T y p e  Heat E x c h a n g e r s  

3 .  

3,665,573 W e r n e r ,  R.9.; A l e  xanfier, E.E. ; a n d  Coms+ock,  I. J. 
1972 Hay 30, 
29/157. 3 . ,  a .  

083A 
Method Of Fabr ica t ing  A Heat P i p e  



3 ,921 ,711  W e s t h r o c k ,  A . J .  
1 9 7 5  Nov. 25 ,  
165/ 139  
0528 
Tuc b u l  a t  or  

3 , 5 7 8 , 0 7 5  W i n t e r ,  .J. 
1971  Yay 1 1 ,  
165/ 177 
022c 
C o r r u g a t .  e d  Tu h i n g  

3 ,481 ,394  Withers, J.G. Jr. 
1969  Dec. 2 ,  
165,' 170 
0 4 5C 
Con£ iqnr a t i o n  O f  H.T. TuhiBCi rar Bapuui  ~ o n d  tnm t i o n  ctc, 

4,007,774 K i t h e r s ,  J.G. J r .  
1977 P e b .  15,  
1 6 5 / 1  
042A 
f l -X  Appara tus  And n e t h o d  O f  C o n t r o l l i n q  Poul ' ina  Therein 

3 ,847 ,212  W i t h e r s ,  J . G .  J r . ;  a n d  ~ i e q e r ,  K . K .  
1974 Hov.12, 
165/ 179  
022A 
!leak T r a n s f g r  Tuhe Tfav i.nq f l u l t , i p l e  I n t e r n a ' l  P i d q s s  

3 , 7 7 0 , 3 1 2  n i t h e r s ,  J.G. J r .  ; Habdas ,  E.P. ; and Jurmo, t 4 . W .  
1413 Dec. 73, 
165/101) 
0 22A 
T n t e r n a l & y  Ridqed !!eat Transfer Tuhe 

3,R26,300 W i t  hers, J . G .  ; Dean, 8. R. ; and Ross ,  S.T. 
'1971i J u l y  30, 
165/ 1 
024A 
A d v a n t a q e o u s  C o n f . i q u r a t i o n  O f  T u b i n g  For I n t e r n a l .  B o i . l i n q  

3 , 5 5 9 , 4 3 7  Wi t -he r s ,  Yr.,. J.G. 
i 9 7 1 ,  Peh.  2 
7 2/9 6 
022A 
n e t h o d  a n d  A p p a r a t u s  f o r  Makina Yeat Transfer T o b i n q  

3,55Q,U37 wit h e r s ,  Jr., ,T.G. 
1971 ,  Feb. 2 
7 2/9 6  
045:: 
Hethod and A p p a r a t u s  f o r  a a k i n q  Heat  T r a n s f e r  Tnbinq 



Qff007,77P Withers, Jr.. J O G .  
1977 Peh, 15,  UOP I n c . ,  
165/ 1 
022A 
Beat Excbanqe A p p a r a t u s  and  rlethod o f  C o n t t o l l i n q  Poa l inq  T h e r e i n  

4,219,078 Withers, J C . 8  JIG. 
1980 Auq. 26,  uOP I n c ,  
165/133 
013F 
Heat T r a n s f e r  S u r f a c e  f o r  N u c l e a t e  B o i l i n q  

4,288,89? W i t h e r s ,  Jr., J.G. 
1981 Sep. 15* UOP Inc .  
2911 57.4 . . 
0 13C 
Method o f  ~ r o d u c i n q  a N u c l e a t e  B o i l i n q  S u r f a c e  on  a Heat 
T r a a s f  er !!ember 

2,231,423 Wittmann, R, A. 
1941 Mar, 11,  Therarek Corp. 
122/333 
0 42B 
H e a t i n g  .Reans  

3,450,193 Wolfe ,  P. Jr, 
1969 J u n e  17, ' 

16Sf1 - 

0 45C 
C o r r n q a t e d  Tubing 

.4 ,141,409-  Woodhul1,Z.D. Jr.; and  L i e d e l ,  T. 8 ,  
1979 Feb. 27, 
165f1 1 0 
0 45F 
Condenser Header C o n s t r u c t i o n  

3,232,341 Woodworth, L. R. 
1466 Pcb, l i  
165/111 
075A 
Condenser  

2,664,274 Worn, Gab.; a n d  Rubin',  F.L. 
1953,  Dec. 29,  
257/73 
132R 
# e t . h o d  And Appara tus  Employing Sonic Waves In Heat Exchanqe 

3,469,626 Clriqht .  P.W.; a n d  Wi lson ,  A,#, 
1969 S e p t .  3 0 ,  
165/166 
0 620 
Plate Beat  Excbanqers  



3,152,774 Wyatt, T. 
1964 O c t .  13, 
244/ 1 
083P 
S a t e l l i t e  Temperature S t a b i l i z a t i o n  S y s t e m  

3,152,774 Wyatt, T. 
1964 O c t ,  13, 
244/1 
085F 
S a t e l l i t e  Temperature S t a b i l i z a t i o n  System 

4,305,460 Yampolsky, J. S, 
1981 Dac, 15, Genera l  Atomic Company 
165/179 
042A 
neat T r a n s f e r  Tube 

4,305,450 Y a m p b J . s k ~ ,  3.5. 
1981 Dec. 15, General .Atomic Company 
165/179 
8 8 5 C  
Heat Tra n s f e r  Tube 

9,182,410 ~ o s h i d a ,  K. ; Koba yash i ,  K..; and Snmitomo, H. 
1980. Jan  8, Hisaka works Ztd. 
165/110 
065D 
P l a t e  Type bndease'r 

4,051,898 Yosbino, PI. ; a n d  Oquri,  A .  
1377 O c t .  4 ,  
165/ 166 
162F 
S t a t i c  Heat And Woistnre Exchanqer 

.3,768,290 Z a t  e l l ,  Y. A. 
1973 OCt* 3 0 ,  
7 2 / 6  8 
0 4 3 ~  

' det-hod O f  t lodif ;yisq A P i n n e d  Tube For  Boi l inq  Enhancement 

4,071,934 Zolman, J.0.; and Griewahn, C.O. 
1978 Feb. 7, 
29/157,3 A  
0428 
C F T  Box F i n  

3,392,781 Zuher, 8 . :  and Zustenader ,  E.L, 
1968 July 16, 
165/135 
0231 
Vapa t i z i nq  Heat Transfer Device 
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4 , 0 9 3 , 7 5 5  D a h l ,  M o  H.: a n d  E r b ,  L.D. 
1 9 7 8 ,  J u n e  6 ,  The Gates R u b b e r  Company 
4 2 7 1 2 9 9  
0 13B 
lPe thod  f o r  Ma k i n q  a Liquid Heat E x c h a n g e r  C o a t i n q  

4 , 1 8 6 , 0 6 3  A l h e r t s o n ,  C.E. ; N i c h o l s ,  Go H. ; a n d  R a s m u s s e n ,  N. 
1980  Jan,  29, Borq-War nsr C o r p o r a t . i o n  
2 0 4 / 2 9  
013R 
B o i l i n q  Heat T r a n s f e r  S u r f a c e ,  N e t h o d  of P r e p a r i n q  Same and  
net.hoii o f  R o i l i n g  

4 , 0 6 0 , 1 2 5  F u j i e ,  K ,  EFAT., 
1 9 7 7  NOV. 29, 
1 6 5 / 1 3 3  
3 1 3 C  
Heat  T r s n s f e r  W a l l  F o r  B o i l i n q  L i q u i d s  

4 , 2 8 8 , 8 9 7  W i t h e r s ,  Jr . ,  J . G .  
1 9 8 1  Sop. 15, UOP Tnc. 
29 /157 .4  
0 13C 
Method  of P r o d u c i n q  a Nucleate R o i . l . i n q  S u r f a c e  o n  a Heat 
T r a n s f e r  Member 

!1,291,758 F u i i i ,  M. ; Oqawa, 7 .  : a n d  M o r i h i r o ,  Y. 
1 9 8  1  S e p ,  29,  f i i t . s n b i s h i  Denki K a h u s b i k i  K a i s h a  
1 6 5 / 1 ? 3  
9 13C 
P r e w a r a t i o n  of B o i l i n g  Heat T r a n s f e r  S u r f a c e  

4 , 3 5 4 , 5 5 0  f l o d a h l ,  R. J . ;  a n d  L u c k e r o t h ,  V .  C. 
199 2 O c t .  19, T h e  R a n e  Company  
1 6 5 / 1 3 3  
0 1 3 2  
Heat T r a n s f e r  S u r f a c e  f o r  E f f i c i e n t  B o i l i n q  of L i q u i d  R-1 1 a n d  
Equivalents 

U,359 ,086  S a n b o r n ,  D o  P.: H o l m a n ,  J o  L. H.; a n d  Ware, C ,  D o  

1 9 8 2  Nov. 16, T h e  T r a n e  Company  
1 6 5 / 1 3 3  
013: 
Heat Exchanqe S u r f  ace w i t h  P o r o u s  C o a t i n q  a n d  s u b s u r f a c e  c a v i t i e s  

4 , 2 1 6 , 8 2 5  Sumitorno, H .  
1980 A u ~ .  1 2 ,  H . i s a k a  W o r k s ,  Ltd,  
1 6 5 / 1 0 ?  E 
0 1  3 D  
P l a t  e Ty p e  Fv a p o r a t o r  

4 , 2 1 1 , 2 7 6  It3h, R. : T a k a s n n a ,  T.; I s h i k a w a ,  Y o ;  K i m u r a ,  He,; and H U S O ~ ,  
M. 
1 9 8 0  J u l ,  8, F ' i t a c h i ,  Ltd .  
1651 1  
0 13E 
Pte tdod o f  N a k . i n g  P i n  E l e m e n t s  f o r  B e a t  E x c h a n g e r s  



3 , 2 0 7 , 2 5 9  Rummel, R.E. . . 
1965 S e p t .  2 1 ,  - 16511 
01 3F 
Pleans .F3r  T n c r e a s i n q  T h e  H.T. ~oeficient Between  A Wall And etc. 

3 , 9 9 0 , 8 6 2  Dahl, M.M.; and Erb, L.11. 
1976 Nov. 9, 
2 9 / 1 9 1 . 2  
0 13F 
L i q u i d  Hea t  Exchanqer I n t e r f a c e  And netbod 

4,219,078 Withers, Jr., J . G .  
1980 A u ~ .  26*  UOP Inc. 
l65/  133  
01 3P 
Heat T r a n s f  ar ~ u r . f a . c e  .fo.r' Nuc.lea t e  B,oi limq 

8,352,392 E a ~ t m a n ,  G+ V. . . 
1982 O c t .  5,  herm ma core, I n c .  
1 6 5 / 1 0 4 . 2 5  
0 13P 
flechan i ca . lZy  Assisted. E v a p o r a t o r  Surface 

4 , 1 5 4 , 2 9 3  F e n n e r ,  G . W . ;  a.nd Raq.i, E.6. 
1379 Nay 15, 
165/133 
01UA 
Enhanced Tube I n n e r  Surt'ace Heat Transfer  ~ e v i c e  and Hcthod 

4 , 1 2 3 , 8 3 7  Horner,  To#. 
1978 Nov. 7 ,  
29/ 1 5 7 . 3 3  
01irc 
Heat T r a n s f e r  HeLhu11 

4 , 1 5 4 , 2 9 3  Penner ,  G . Y . :  and Ra'qi ,  E . G .  
1973 # s y  1 5 ,  
1651133 
Q1CSA 

, . . . -  

Enhanced. T u b e  Inner S u r f a c e  Heat Transfer D e v i c e  and nethod 
. . ,a, ' )?>, 643 Buckinqham, W ,T. 

7960 F e h .  2 ,  
117/49 . - 

04 58 
. ~ . . > ' .  . . 

Hethod O f  App ly inq  9 ~ . l a s t i c  C o a t i n q  

3 , 1 9 6 , 6 3 4  Rich, D. G. 
1965 J u l y  2 7 ,  
62/394 
01% 
Ref r igec at. i o n  S y s t  em 



3,384,154 P l i l t o n ,  R . f l .  
1968 May 21, 
165/1 
0 15C 
Heat  E x c h a n q e r  System 

3,523,577 Plilton, R. M. 
1970 Auq. 11, 
165/110 
0 15C 
H e a t  Exchanqe System 

3,587,733 ? l i l t o n ,  R. M. 
1971 J u n e  25, 
165/ 110 
01 5C 
!Teat Exchanqe  S y s t e m  W i t h  P o r o u s  B o i l i n q  L a y e r  

3 ,821,018 G r a n t ,  A.C. 
1974 June 2 8 ,  
117/9 4 
015C 
PorDus N e t a l l i c  L a y e r  Format i0 .n  

.3,825,064 I n o u o ,  K. 
1974  J u l y  23, 
165/170 
0 l5C 
H e a t  E xcha nqe r 

U, 154,294 N o t a r o ,  F. 
1979 May 15,  . . 

165/133  
Ol5C 
Rnhanced c o n d e n s a t  i o n  neat Transfer D e v i c e  and Method 

4,0 18,264 A l b e r t s o n ,  C. F. 
'1977 ~ p r f l  1q, 
!65/ 1 
015c 
B o i l i n q  Heat  Transfer Slirf.lce And Method 

4,364,q14 $ r a n t ,  A.C. 
1977 Dec. 27, 
1 3 8 / 1 4 2  
0 1 5 C  
P o r o u s  Met.a l l i c  La y e  L- Ancl F o r m a t i o n  

4,129,181 J a n o w s k i ,  K . R . :  S h n n ,  H.S.;. and B r a d l e v ,  S . A .  
1978 Dec. 12, 
165,/1 3 3 
0 15C  
!!eat T r n  nsf e.r S u r f  ace 



2 , 3 9 4 , 6 9 8  K u e n h o l d ,  0.J. S r .  
1946 Feb.  12, 
261/104 
0 IS?? 
E v a p o r a t o r  

2 , 9 1 9 , 1 1 5  V a a l e r ,  L.3. 
1959 Dec. 29, 
257/ 58 
015P 
: Impreqnated P o r o u s  C o n d e n s e r  S u r f a c e  

3 , 1 6 7 , 9 2 7  Lynch, P. J .  ; and T a y l o r ,  P . L .  
1965 F e b .  2 ,  
62 /56  
015P 
P r o m o t i o n  O f  Gropwise  C o n d e n s t i o n  

3 , 2 0 6 , 3 8 1  Neugebauer, F.J.; hnd i u s t e n a d e t ,  E .1 . r  
1965 S e p t ,  14, 
202/185 
0 1 5 F  
Dropwise C o n d e n s a t i o n  D i s t i l l a t i o n  Apparatus  

3 , 2 2 9 , 7 5 9  G r o v e r ,  G.N.  
1966 J a n .  18, 
165/105 
0 19FP 
E v a p o r a t i o n - C o n d e n s a  t.i on Heat T r a n s f e r  ~ e v i c e  

3,298,427 Erb, R.B. 
1967 J a n .  17,  
165/ 1  
015F 
Wct h o d  And Ipparaf .ns  For ~ r o p w i s e  c o n d e a s a  t i o n  - 

3 ,30  1,314 Caertnor, R.F. 
1967 Jan. 31,  
16 5/,7 
0 lSF 
n e t h o d  A nil. f l e a n s  For  I n c r e a s i n q  The R.T. C o e . f f i c i e n t  etc.  

3 , 4 3 3 , 2 9 4  T i m s o n ,  W. J .  
1969 narch 18, 
lh5/1  
015F 
B o i l . i n q  Beat  ' I r a n s f e r  System 

3 , 4 6 6 , 1 8 9  Erb, R . A .  
1969 S e p t .  9, 
!17/132 
0 15P 
Method F o r  I m p r o v i n g  Heat T r a n s f e r  I n  C o n d e n s e r s  



' 3 ,015 ,355  Humphrey,  A.H. 
1962  Jan. 2, G e n e r a l  Gas Light' Company 
1 5 3 / 7 8  
0 22A 
Method f o r  Por .minq  S p i . r a l l y  Ribbed T u b i n g  

3 ,128 ,821  A n d e r s e n ,  R. C. 
1964 Apr. 14, F . l e x o n i c s  C o r p .  
1 5 3 / 7  1  
022A 
C o r r u q a t - c r  f o r  M e t a l  Tubing  

3 , 3 9 8 , 7 8 4  S m i t h ,  J.W.; and  Gowen, R . A .  
1 9 6 8  Auq.27 ,  
165/ 1 
9224 
Ffet hod O f  neat. F.xchange Wi,th F7iq.h V i s c 0 s i t . y  Liqi i id  s 

3 , 5 5 9 , 4 3 7  a i t h e r s ,  Jr., J . G ,  
1 9 7 1 ,  P e h .  2 
7 219 6 
022A 
Method a n d  A p p a r a t u s  f o r  Mak inq  Heat Transfer T u b i n q  

3 , 6 2 2 , 4 2 3  F r e n c h ,  P.V. 
1 9 7 1  N o v .  23, 
1 4 8 / 1 1 . 5  . 

022.4 
I ? r a d . u c t i o n  Of P1eta.l T u h i n q  W.ith Rouqh I n n e r  S u r f a c e s  

3 ,734 ,140  Yakam'ura,  H . ;  a n d  T a n a k a ,  1. 
1 9 7 3  May 2 2 ,  
i 381 I?  7 
022A 
c r o s s - R i f l e d  V a p o r  G e n e r a t i n q  T u b e s  

3 , 7 6 8 , 2 9 1  Rieqer ,  K.K. 
1 9 7 3  O c t .  30, U n i v e r s a . 1  O i l  P r o d u c t s  
42/78 
0 2 2 h  
n e t , h o d  o f  F o r m i n q  S p i r a l  R i d q e s  o n  t h e  I . n s i d e  Diameter of 
Externally Pinned T u b e  

3,779,312 @it hers, J, C;, J r .  ; l l a k d a s ,  E. I?. ; a n d  J u r m o .  P 4 . W .  
1973  Dec. 18, 
165/184 
022A 
I n t e r n a l l y  Ridged Heat T r a n s f e r  T u b e  

3 , 9 9 7 , 2 7 2  W i t  h e r s ,  J . G .  Jr.;  a n d  ~ i c q e r ,  K. K. 
1974  Nov. 12 ,  
165/17Q 
0 22.9 
Reat. 'TI-8 nsfsr T u h c  rravino M u l t i p l e  T n t e r n a l  R i d g e s  



3,861,462 N c l a i n ,  C.D. 
1975 Jan. 21, 
165/179 
0 228 
Heat E xc ha nqe Tube 

3,865,184 G r o v e r .  G.N. 
1975 Feb. 11, 
165/105 
022A 
Heat P i p e  And Hetho4 .And Appa ra tu s  For F a b r i c a t i n q  S'asle 

3,885,622 IlcLain, C.D. 
1975 Nay 27, 
165/179 
0 22A 
Heat E X C h a n q e ~  Tube 

3,902,552 HcLain,  C.D. 
1975 Sept. 2, 
165,179 
0 22A 
P a t t e r n e d  Tub ing  

3,906,605 I lcLain ,  C.D. 
1975 S e p t .  23, 
29/157,3 R 
Q22A 
P r o c e s s  For Preparing lieat Exchanqer Tube 

4,186,779 Waqner, W.T. 
1980 Feb. 5, Dayco Corporation 
138/121 
022A 
C o r r u q a t e d  Eletal Tube 

4,228,852 T o g a s h i ,  A. 
1900 O a t .  a1 
165/173 
0224 
Tubula r Rod p 

4,232,728 F e n n e r ,  C.W.; a n d  Raqi ,  R.G. . 
1380 Nov, 11, T I n i ~ n  Carhi  d f  ~ ~ r p o t a t  i o n  
165f1 
022A 
nethod f o r  Enhanced Heat  Transfer 

4,245,697 T o q a s h i ,  A. 
1981 Jan.  20 
1 6 5 f 1 7 9  

, O  228 
T u b u l a r  Body 



4,283,824 S c h a t z ,  I?.; and Ziemek, G. 
1981 Luq. 18, Kabe l -on  d l e t a l l r e r k e  ~ u t e h o f  £ n u n q s h u e t t t e  AG 
2 9 j l 5 7 . 4  
0 228 
tgethod f o r  r l anufac  t u r i n q  Heat E x c h a n q e r  .Tubing 

4,330,036 S a t o h ,  Y ;  a n d  H i q o ,  T. 
1982 .Play 18, Kobe Steel, L t d .  
165/179 
0 22A 
C o n s t r u c t i o n  of a  H e a t  T r a n s f e r  Wall a n d  H e a t  Transfer P i p e  
and  Method of P r o d u c i n g  neat T r a n s f e r  P i p e  

4,351,389 G u a r n a s c h e l P i ,  S .  
1982 Sep .  28 ,  
165 /141  
0228 
Heat. E x c h a n q e r  A p p a r a t  a s  

3,154,141 Hue t ,  A. 
1964 O c t .  27 ,  
165 /133  
0 2 2 t  
Rouqhened Heat E x c h a n q e r  T u b e  

022C 
Method Of ~ i a k i n q  R e a t  E x c h a n q e r  Fiavinq E x t e n d e d  S u H a c e  

3 ,578 ,075  W i n t e r .  J .  
1971 flay 1 9 ,  
1651 1 7 7  
022c 
C o r r u q a t  e d  Tu b i n q  

3 , 6 7 2 , 1 7 5  Ford, J. A , ;  and B o l f e ,  $. J F *  
1971 O c t .  1 2 ,  
165/ 379 
Q22C 
Corr laqa t  erl Metal T u b i n q  

3 , 8 3  1,675 H c L a i n ,  C,D. 
1474  Al~q. 27, 
165/977 
022C 
Beat. E x c h a n q e r  Tube  

3 ,850,227 F o r d ,  J. A. 
1974 Wov. 26,  
165/1  
022: 
pso-ess POL- r a t p r o v i n q  Hcaat T r a n s f e r  R r f i c i e n c y  o t c o  



' 3,906,605 U c l a i n ,  C.D. 
1 9 7 5  S e p t .  23,  
29/157.3  R 
0 22C 
P r o c e s s  F o r  P r e p a r i n q  Heat  E x c h a n g e r .  Tube 

1 , 6 8 0 , 1 4 5  F o r s s b l a d ,  N. R. 
1928 A u ~ .  7, 
0 22D 
H e a t  E x c h a n q e r  

1 , 6 8 0 , 1 4 5  F o r s s b l s d ,  N. Re 
1920 A u ~ .  7 ,  
0 22F 
11 e a t  E xc ha nge  r 

3 ,302 ,701  Thomas ,  D.G. 
19G7 F e b . ,  7 ,  
165/ In 9 
0 2 2F 
T u r b u l e n c e  P r o m o t e r  For I n c r e a s e d  Heat And Hass ~ r a n s f e r  . < 

3 , 7 3 5 , 6 1 8  J o u e t ,  33. ; a n d  r t e k u f f e ,  P. 
1972 Dec. 12 ,  
1 6 5 / 1 6 6  
022F 
H ~ a t  E x c h a n g e r  

4 , 0 6 3 , 1 2 6  S c h  l a d i t z ,  H. J. 
1977  Nov. 29 ,  
165 /133  
9 22F 
H . T ,  Between S o l i d s  And P l n i d s  lIt . i l izinq ~ o l y c s y s t a l l i n e  etc. 

. , 

2,279,548 B a i l e y ,  E.G.. 
1942 A p r i l  1 4 ,  
1 2 2 / 2 3 5  
0238 
L i q u  . id  Vaporiz ing Tu b e  

2 ,565 ,221  G a u q l e r ,  8. S. 
1951 Aaq. 21; 
26 11 qr3 11 

0234 
Eefr iqer a t  inq Apparatus 

3 ,392 ,781  Z u b e r ,  N .  ; a n d  I . u s t e n a d e r ,  E.L .  
1968 J u l y  16, 
16S /135  
0'2 3 A 
V a p o r i z i n g  Heat T r a n s f e r  Device 



3,,454,081 Kun. L.C.; a n d  C z i k k ,  A.H. 
1969 J u l y  8, 
165/13  3 
0 238 
S u r f a c e  F o r  E o i l i n q  L i q u i d s  

3 ,457 ,990  T h e o p h i l o s ,  N.P.; a n d  Yanq, D. I.J. 
1969  J U ~ Y  2 9 ,  . , .  . . 
165 /133  
0 23A 
h u l t i p l e  P a s s a q e  H e a t  E x c h a n q e r  U t i l i z i n g  N u c l e a t e   oili in^ 

4 ,044 ,797  P u j i e ,  K. ETAL . .. 
197? Auq. 30, 
1 3 8 / 3 8  . . 

023B . . .. 

H e a t  T r a  nsfer P i p e  

3 , 6 0 2 , 0 2 7  K l u q ,  W.A.;  a n d  Ware ,  C.D. 
1971 Auq. 31, The T r a n e  Company 
7 2/9 8 
923A 
S i m u l t . a n e o u s  P i n n i n q  a n d  R e f o r m i n q  of T u b u l a r  'Heat T r a n s f e r  Surf ace 

: 4 , 1 7 9 , 9 1 1  S a i e r ,  N. ; K a s t n e r ,  H-W.; a n d  K l o c k l e r ,  R .  . 
1970 Dec. 25 ,  Wielar id-  Werke ~ktiengesellschaft . 
72/70  
C 23R 
Y a n d  T - F i n n e d  Tubes a n d  Methods  a n d  A p p a r a t u s  for  T h e . i r  f l a k i n g  

. 9 ,182 ,412  Shum, M.S. 
1980  J a n .  R, UOP Inc. 
1 6 5 / 1 3 3  
0238 
F i n n e d  Heat T r a n s f e r  Tubs w i t h  P o r o u s  B o i l i n q  S u r f a c e  and 
Met.hod f o r  P r o d u c i n q  Same 

3 , 0 4 5 , 1 3 9  Poh.1,  W. J. 
l a 6 2  J u l y  17, 
313/31  
c 2 3 r  
E l e c t r  ica 1 D i s c h a r g e  Tube  

3 , 5 2 1 , 7 0 5  E e u t h e r e t  , C. I.: a n d  D o u s n o t .  E. J. 
1979 J u l y  28, C o m p a q n i e  F r a n c a i s e  T h o n s o "  ~ o a s t c n - ~ o t c h k i s s  Brandt 
165 /74  
0 23C 
neat  E x c h a n q e  S t r u c t u r e  a n d  E l e c t r o n  T u b e  P n c l u d i n g  Such E x c h a n q e  
S t r u c t .  u r  e 

4 ,216 ,826  F u i i k a k e ,  J. 
19RQ Anq. 1 2 ,  F u r u k a w a  Metals Co., L t d .  
1 6 5 / 1 3 3  
023:: 
neat T r a n s f e r .  Tube f o r  t Jse  . i n  R o i l i n q  Type Heat E x c h a n g e r s  
and Wethod of  P r o d t x i ' n q  t h e  Same 



4 , 2 5 8 , 7 8 3  l l h e r t . s o n ,  C. E. ; N i c h o l s ,  G. P!.; a n d  Rasmnssen,  J. N. 
1981 Mar. 31,  Borq-Warner C o r p o r a t i o n  
165 /133  
023C 
R o i l i n q  H e a t  T r a n s f e r  S u r f a c e ,  He thod  of P r e p a r i n g  Same and 
n e t h o d  of B o i l i n g  

4 ,313 ,248  P n j i k a k e ,  J. 
1982 Feb. 2, Fukurawa n e t a l s  Co., Ltd. , 
29/157.3 A 
0 2 3 ~  
n e t h o d  o f  P r o d u c i n q  H e a t  T r a n s f e r  Tube f o r  Use i n  B o i l i n q  
Type .  H e a t  E x c h a n q e r s  

3,56 6,514 Szu m i q a l a ,  E. T, 
'1971 march 2, 
29/558 
023P 
Yanufaet u r f n q  Hethod.  For ~ o ' i l f n q  Surfaces 

3,987,759 S t a u h ,  F.W.; a n d  Koskp, P.G. 
1975 J u n e  3, 
174/15  R 
0 2 3P 
E v a p o r a t i v e  C o o l i n q  Syst.. Employ i n q  L i q u i d  F i l m  F v a p o r a t . i o n  e tc. 

'3 ;906 ,604  K a k i z a k i ,  R. ; and Suznmura ,  T. 
1975 S e p t .  2 3 ,  
241 157. 38  
923F 
flethor] F o r  Forminq  Reat T r a n s m i s s i v e  W a l l  S u r f a c e  . * . . . . 

4,350,537 Chu, R.C.; a n d  noran, K.P. 
1977 Sept. 27 ,  
165/1 
023F 
Wethod F o r  C u s t o m i z i n q  t l u c l e a t e  R o i l i n q  B.T. prom E l e c t r o n i c  etc. 

3,734,.140 ~akatlndra, N.: a n d  'ranaka, PI. 
1973 l a y  2 2 ,  
1381  477 
024A 
Cross-Ri f l e d  Vapor  G e n e r a t i n q  T u b e s  

3,R26,30il W i t h e r s ,  J . G . ;  Dean, H.R.; a n d  R o s s ,  S.T. 
197Y J u l y  30, 
165/ 1 

'024A 
AdvantaqQous C o n f i q n r a t i o n  O f  Tnb inq  F o r  I n t e r n a l  ~oilinq 

4,314,587 H a c k e t t ,  C.D. . 

1982 Peb . 9 ,  Combnst . ion  E n a i n e e r i n q ,  I n c .  
138 /3R 
0 24A 
R i b  Desiqn f o r  B o i l e r  Tubes 



4 , 3 6 9 , 8 3 7  Moran .ne ,  J -P .  
1 9 8 3  Jan. 25, S o c i e t e  Anonyme des Us.iaes C h a u s s o n  
165/ 17 5 
024B 
T u b e  . for  T u b e - P l a t e  H e a t  E . x c b a n q e r s  

3 , 2 1 7 , 7 9 9  'Rodqe . r s ,  J,  S. 
1 9 6 5  Nov. 1 6 ,  
165/ 1 7 3  
0259 
St.eam C o n d e n s e r  O f  T h e  Water Tu'be Type 

3,875,99? Newson,  I . H . ;  a n d  H o d q s o n ,  T.D. . . 
197'5 A p r i l  8, 
1 6 5 / 1 1 0  
025A 
T u b u l a r  Heat  T r a ' n s f c r  Mernhers 

14,232,728 P e n n e r ,  G.Wy; a n d . ; R a q i ,  E.G. 
1989 ~ o v .  1  U ~ l o n  C a r h i d e  C o r p o r a t i o n  
1 6 5 / 1  . , 

925.1 
.Yet h o d  f o r  E n h a ~ c e d  He a t  I r a n s . f e r  

U,3f;3,058 g u e l l e j a n s ,  H .  
1982 Bov. 2 3 ,  S u e d d e u t s c h e  K u e h l e r f a b r i k  J u l i u s  F r .  Behr GmbH & C o .  
l h 5 /  10 '4. 21 
02.51 
P r D c e s s  for t h e  P r e p a r a t - i o n  cf a S u r f a c e  of a Metal Wall f o r  the 
f e r  o f  Heat. 

4,19F;,6RR F n j . i e ,  K . ;  Nakayama,  ' W . ;  K u w a h a r a ,  H. ; D a i k o k u ,  T.; a n d  
K a k i z a k i ,  K.. 
1 9 8 0  A p r .  1 ,  H i t - a c h i ,  lt9, : R i t a c h i  C a b l e ,  t t . d .  
1 6 5 /  1.3 3 
925B 
Reat-Transfer Wa.11 . f o r  C o n d e n s a t i o n  a n d  M e t h o d  of ~ a n u f a c t u r i n q  

the Same 

3 , 2 4 4 , 6 9 1  D i e d r i c h ,  G.E. 
1966 A p r i l  5, . . 

2C2/236 
r) 2  5C 
S l u t  ed T n  b u l a r    is till at ion Apparatus 

3,7flCJ,915 F o r d ,  J. A .  
1 9 7 4  F e h .  5. 
1 6 5 /  1  
025C 
P.ro:ess F o r  I m p r o v i n q  H.T. E f f . i c i e n c y  And I m p r o v e d  H.T. System 

9 , 2 4 5 , 6 9 5  F u j i k a k e ,  J .  
l S I R l  Jan. 2.3, F u r u k a u a  n e t a l s  Co., L t d .  
1 6 5 / 1 3 3  
0 2 5 C  
Heat. T r a n s f e r  Tube f o r  C o n d e n s a t i o n  a n d  Plet h o d  for 

.. f l a n ~ i f a c t u r i n q  Same 



3 , 3 0 2 , 7 0  1 Thomas, D.G. 
1967 P e b .  7 ,  
165/109 
Q26P 
Turbulence i?roro t.e r For I n c r e a s e d  Heat and Nass T r a n s f e r  

3,595,299 W a i s h a u p t ,  J. ; Waldman, H. ; and. H a r i m ,  T. 
1971 J u l y  27, 
'1 59/28D 
032A 
Bpparat.us For The Evaporat ion  Of Lov Temp. L i q u i f i e d  Gases 

3 , 7 3 4 , 1 3 5  N o s i e r ,  J .  A. 
1973 Play 2 2 ,  
138/ 38 
032A 
Reat Frchaaqer W i t h  T a t ~ r n a L  Turbubater 

3 , 7 7 1 , 5 8 9  Laqe, J .R .  
1973 Nov. 13, 
165/1 
032A 
nethod  And hpparatus  For Improved Transfer O f  Heat 

-3,901,356 3 r a n e t z k e ,  D.C. 
19?5 Sept. 21, 
165/179 
032A 
Heat Exchanqer 

0 , 2 6 9 , 2 6 5  Meyer, R. A. ; and  Bretl, R . A .  
1981 nay 2 6 ,  M d i n a  ~ a n u f a c t . ~ l r i n q  Company 
1 6 5 f 1 0 9  T 
032A 
Tabular  Heat Exchanqer w i t h  Turbulator  

4 , 2 9 6 , 7 7 9  Smick,  R .  FJ. 
1981 Oct. 2 7 ,  
138/38 
0321  
Tucbulator w i t h  Ganged Strips 

4 , 3 4 2 , 3 6 0  G e n t r y ,  C . C .  
1982 Auq. 3 ,   billi ips Petroleum Co. 
165/67 
0.32B 
Rod D a f f l e d  Heat Exchanqer 

3 , 2 3 2 , 2 1 3  Huahes, R.W. 
1965 Auq. 2 4 ,  
165/154 
032C 
Heat Exchanqer 



3 ,330 ,336  Gobel, G .  
1367 J u l y  11, 
1 6 5 / 1 6 0  
0 32C 
Heat E x c h a n g e r  rubes W i t h  L o n q i t u d i n a l  Ribs 

4 ,311 ,187  S m a l l ,  W . H .  
1982  J a n .  19, P h i l l i p s  P e t r o l e u m  Company 
165/1 
032C 
V o r t e x  Genera t o r s  

4,4286, 366 V i n y a  r d ,  R. E. 
1981 S s p .  1 ,  Phillips P e t r o l e u m  Company 
29/157.  4  
0 32C A3 
method f o r  the C o n s t r u c t i o n  of  a B a f f l e d  R e a t  E x c h a n q e r  

2 , 5 2 9 , 0 1 3  G l o y e c ,  W. 
1 9 5 0  Nov. 7 ,  
2 5 7 / 2 4 5  
032D 
Heat F x c  h a n q e r  

2 ,59  1 ,878 R o q e r s ,  'P., S. ETAL 
1952  A p r i l  8, 
2 5 7 / 2 4 5  
0 32D 
Oxyqen E e q e n e r a t . o r  

3 , 7 0 6 , 1 2 7  O k t a y ,  S .  ; a n d  Schmec .kenbeche r ,  A .P. 
1972 Dec. 1 9 ,  
29/576 
3329 . 
Mot.hod For P o r m i n q  H e a t  Sinks O n  Sera icondt ic t .or  D e v i c e  Chips 

3 , 7 Q 1 , 2 8 5  Knethe, A . 3 .  
197'3 J u n e  26 .  
765/1 
032n 
Boundary Layer Con t ro l  of Flow Sepa ra t i on  and Heat Exchange 

4 , 3 6 5 , 5 6 7  H a t a d a ,  T .  ; S e n s h u ,  I. ; R r a i ,  A ,; A a r a d a ,  F.; M a t s u z a k i ,  A. ; 
a t a r i ,  H . ;  Tma izumi ,  Y . ;  T a k e d a ,  S. 
1982 net. 29, V i t a c h i ,  Ltd. 
165 /152  
0 32!? 
Heat E x c  ha n q e r  

3 ,2&7,593  H a n s s o n ,  A. ; a n d  P k i c k ,  R. II. 
1966 Apr. 25 ,  C o n t i n e n t a l  C a r :  Company, Tnc. 
29/157.  3 
332P 
P r o d u c t . i o n  o f  Externally P i n n e d  Sheet Stock 



3,68 4,007 R a g i ,  E. G. 
1972 Auq. 15, 
165/133 
633C 
C o m p o s i t e  S t r u c t u r e  F o r  R o i l i n s  ~ i g u i d s  And Its Format  i o n  

4 ,156,459 K u s u d a ,  H.; a n d  U e h a r a ,  8. 
1979 May 29, 
165 /167  
0 3  3D 
P l a t e  Type E v a p o r a t o r  

2 ,873,954 P r o t z e ,  C. 
1959 Feb.  17, T e l e f i ~ n k e n  GmbH,. B e r l i n  
257/250 
0 33F 
H e a t  F x c h a n q e r  f o r  E 1 e c t r . i ~  D i s c h a r g e  Tube 

4,253,519 Kuu, Z.C.; and n n g i ,  P.G. 
1981 Nar .  3, Union C a r k i d e  C o r p o r a t i o n  
165/110 
03 58 
Enhancement  for Film C c n d e n s a t i o n  A p p a r a t u s  

3 ,358,750 Thomas,  D.G. 
1967 Dec. 19, 
165/ 1 7 7  
035C 
C c r n d e n s e r  T T I ~ F !  

3 ,289 ,752  S t a u ' b ,  F. #. 
1966 Dec. 6 ,  
165/111) 
035D 
C o n d e n s i n g  H e a t  Transfer D ~ v i c e  

4,184,544 nllmer, H . J .  
1900 J R ~ .  22 
1G85/ 1 0 4  
n4lR 
A p p a r a t u s  a n d  Method f o r  ~ f c o v e r i l l q  Wasti i l ent  Fruu Blue f ln3rt3 

4,236,578 Kreit h ,  P. and C o r n e l i s o n ,  R. C. 
I306 Dcc. 2, Condab, Co.  
165/151 
0 4 1 0  
Heat E x c h a n g e  Enhancement  S t r u c t u r e  

U,369,83R Asanuma, Y.  : and Showa, K. 
1983 J a n .  25,  Aluminum Kabushiki Kaisha Showa 
165 /185  
OYlE  
D e v i c e  for R e l e a s i n q  Heat  



3,706,127 Oktay, S. ; a n d  Schs reckenbecher ,  A .Fa 
1992 Dec . 19 ,  I n t e r n a t i o n a l  B u s i n e s s  H a c h i n e s  C o r p o r a t i o n  
2?/576 
041P 
get hod for Porminq Heat S i n k s  on S e m i c o n d u c t o r  D e v i c e  C h i p s  

4,060,126'  S c h l a d i t z ,  A . J .  
1977 ,  Noo. 29 
165/133 
941F  
H e a t  Trs nsfer R e  tween S o l i d s  and F l u i d s  U t i l i z i n q  P o l y c r y s t a l l i n e  
M e t a l  

I 

3,273,599 R e e r e n ,  H. 
1966 S e p t .  20 ,  
138/38 
042A 
I n t e r n a l l y  p i n n e d  C o n d e n s e r  Tube 

2,244,603 P a s c a  le, !I. 
1941 J u n e  10, 
257/26 2 

*. 042A 
Heat T r a n s f e r  T u b e  

2,432,308 G o o d y e r ,  H. J. 
1347 Dec. 9, 
210/57 
Q42A 
C o n d u i t  P a v i n q  A n n u l a r  Ribs ,  A Sump, And S e d i m e n t  D i r e c t i n g  Means 

2,463,997 R o d g e r s ,  J o  S. 
1949 Harch 8, 
29/157.3 
0 4 2 8  
Yethod O f  Makinq E x t e r n a l l y  And internally F i n n e d  T u b e s  

2 ,895,508 n r a k e ,  C.E.  
1059 J u l y  21, 
138/38 
C Q2A 
Heat E ~ c h a n q e r  Conduit 

3,229,722 Kritzer,  I?. W. 
IQ66 J a n .  18, 
138/ 39 
9423 
Heat E x c h a n q e  E lement  With I n t e r n a l  P low D i v e r t e r s  

3,267,564 P e y e s ,  J.N. 
1966 A u q o  23,  
29/157.3 
0428 
Bet,had n4 P r o d n c i n q  Duplex T n t c r n a l l y  F i n n e d  Tube units 



3 , 3 9  Q , 7 3 6  P s a r s o n ,  J. F. 
1968 J u l y  30, 
138/ 35 
0142A 
I n t  ern a1 P i n n e d  Tube  

3 , 4 2 2 , 5 1 3  F r e n c h ,  F .  W .  
1963  J a n .  21, 
2 9 / 1 5 7 . 3  
9 4 2 1  
Method O f  R e f o r m i n q  T u b u l a r  He tal R l  anks  I n t o r  Inner  Pinned Tubes 

3 , 5 9 6 , 4 9 5  H u q q i n s ,  R . D .  . 
13?1 A u q .  3, 
72/3 fi 7 
0 4 2 A  
t i ea t  TL-4ns .Ter  Devicc And Method Of ~ a k i n g  

3,6.36,982 Dia kc, C s E m  
1972 Jan. 25,  
138 /38  
042A 
I n t e r n  a1 l y  F i n n e d  Tube And # e t h o d  O f  Forminq Same 

3 , 6 6 2 , 5 8 2  F r e n c b ,  F.W. 
1972 May 15, 
72/367 
0 4? R 
H e a t - E x c h a n q e  T u h i n q  And flethod Of nak ing  T.I . 

3 , 6 9 6 , 8 6 3  K i m ,  S . C .  
9  0 -  l 10, 
165/ 179 
342A 
I n n e t - O u t e r  P i n n e d  Boat T r a n s f e r  ~ u b e s  

3 ,759 ,729  French, F.W; 
1073 Auq, 7, 
13A/3F1 
042.9 
Heat Exchnrlcjer T n h e  And Bethod O f  Makinq  Tt 

3,776,019 Frencph, P . W .  
'197' I?r:c. !I, 
7 2 / 3 6 ?  
042.4 
T u h i n q  R.it.h I n n e r  Baffle F i n s  And Method O f  ~ r o d o c i n s  It 

3,846,254 S e p b t o n ,  .Ha #. 
1974 N0v.5. ' . . 
203/11 
0 42A 
Interface Enhancemen't l p p l i e d  .To  E v a p o r a t i o n  of L i q u i d s  



3,887,004 B e c k ,  T. A .  
1 9 7 5  June 3 ,  
1 6 9  1 7 9  
042F. 
.[!eat Y x c h a ~ q e  A p p a r a t u s  

4 ,007 ,770  W i t  h e r s ,  J. G. Jr.  
1977  Feh. 15, 
165/  1  
0428 

' .FI-x A p p a r a t u s  And Metbod 0.f C o n t r o 1 : l i n q  F o u l i n q  , T h e r e i n  

4 ,331 ,6G2 Cnnn inqham,  J.1,. ; a n d  C a m p b e l l ,  B .  J. 
1 9 7 7  Jane 2 8 ,  
2 9 / 1 5 7 . 3  All 
0 42 A 
Net hod O f  ? lak . inq  H e a t  T r a n s f e r  T ~ i b e  

14,154,296 F i j a s ,  D. P. 
1979 f l a y  1 5 ,  
l 6 5 /  1 7 9  
0424 

.L. Inner ? i n n e d  H e a t  F x c h a n q e r  Tuhe 

4 ,163 ,474  M a c n o n a l d ,  R.D. ; Rose, R.K.; and ~ a p s d o r f  
15179 Ailq. ? 
165/ 1 7 3  
0 429 

, T n t  ~ r n  a 1  l y  F i n n e d  TII b e  

. 4 , 1 9 0 , 1 0 5  D a n k o w s k i ,  C;. 
1989 Feb, 2 6  
1 5 5 1  1 7 9  
042.4 
Heat. Z x c h a n q e  Tute 

4 , 2 1 6 , 5 7 5  C a r n s v o s ,  T. C.; and G o l y m b i e s k i ,  U. J. 
19R9 9 1 1 q .  1 2 ,  Noranda Mines, T..td. 
29 /597  
ou24 
method o f  ~ e f o r m i n q  ?.he Pins o f  a F i n n e d  T u b e  

4 ,22? ,572  H a r l a n ,  C .  S .  
19n3 O c t .  14, S e t o n - S c h e r r ,  Tnc. 
1 6 5 / 1 8 4  
0 42A 
Finned T u h i n u  

4 , 2 5 8 , 7 0 ?  Kao,  S . S . T .  
1981 Yar .  ? I ,  N o d i n e  N a n u f a c t n r i n q  Company 
l f jS /109  ? 

C 4 2 9  
Heat. E xchanqer - Bavinq l i q u i d  Tusbulator. 



4,286,655 T r o j a n i ,  B .  L. 
1981 Snp .  1 
165/17  9 
O U2A 
Pinned Tube for Heat  Eschanqers 

4 , 2 9 6 , 5 3 9  Asami ,  T. 
1981 O c t .  27, Robe Steel, L t . d .  
2 9 / 1 5 7 . 3  A 
O 4 2 A  
Yeat Transfer Tubinq f o r  ~ a t u r a l  Gas Evaporator 

4 , 3 0 5 , 4 6 0  Yampol sky ,  J . S .  
1981 Dee, 15 ,  General Atomic Company 
165/ 1'19 
O l l 2 R  
Heat. TraiiS.fer Tube . 

4 , 3 9 6 , 6 1 3  Trojani, 8.1.. 
1981 D O C .  2 2  
1GSi173 
~ 2 a  
r n b e  Prov . ided  w i t h  Inner F i . n s  and 01rter Fins o.r Pins, 
Par t . ic l1 lar l .y  for Hrta t F x c h a n q e r s ,  and Prsthod  heref for 

4 , 3 5 1 , 3 9 2  Stockman ,  R. 'F.. 
14Y2 S e p .  28, Combus t ion  Fnqi.neer inq, 1 nc.  
165 /186  

4,345,644 P a n k o w s k i ,  D. B. 
1982 Anq. 2 4  
365 /154  
142 b /C 
O i l  Snnl fr 

1 , 7 1 6 , 7 4 3  S t i l l ,  W . Y .  
192'4 ~ r l l n e  11 
042B 
Heat. T r a  a s m i t t i n q  T l i b e  

2 , 1 1 8 , 0 6 3  S t o n e ,  R . H .  ; a n d  T i l l e y ,  E. P. 
1939 Ray '211, 
257/26 2 
'3428 
F inned  Tube 

2,22?,68;? T o w n s e n d ,  A , J  .; ant7 Rascomhe,  F ..Ta 
1941 J a n .  7 ,  
257/ 26 2  
042R 
Finned 'Ilubinq Or The L i k e  



2 , 2 3 & , 4 2 3  W i t t m a n n ,  C .  A .  
1 9 4 1  Mar. 1 1 ,  T h e r m e k  Corp .  
1 2 2 / 3 3 3  
9 428 
I Ieab ,  i n c ~  Eeans  

2 ,245 ,Cho  C l a r k ,  W. R .  
1 9 4 1  J u n e  1 0 ,  
2 5 7 / 2 6  2  
0 4 2 0  
'!!eat. T r a n s f e r  Iln it 

2 , 2 4 7 , 2 4 3  K r i  t z e r ,  R. W .  
l Q P l  J u n e  24 ,  T h e r r n ~ k  Corp. 
29 /157 .  3 
042!3 
Beat E x c h a n q e  E l e m e n t  a n d  Method o f  " I k . i n a  t h e  Same 

2 , 6 1 3 , 0 6 6  Pu ' ewl in ,  J.S. 
1953 O c t .  7, 
2 5 7 / 2 6 2 . 2 0  
:? 4 2 9  
Finned rClltln C b n s t r u c t . i o n  

3,023,349 A );hot. t , R .  W. 
15162 Fnh. 2.3, 
2 5 7 / 2 6 2 . 1 3  
i? 4 2 9  
neat. R xchanqe  Tubi.nq 

3,03'3,536 :uszmann,  M .  
1 9 6 2  3av f?, 
2 5 7 / 2 6 2 . 1 6  
2 4 2 P  
3 a d i a t o r  System 

3 ,17U,31Q Koyawa, S.; S h i d a ,  J . ;  an? Nakayama, K. 
1965 M a r c h  2.2, 
72 /96  
942B  
n e t h o d  .9nd a p p a r a t u s  "or f l a n u f a c t u r i n q  I n + . a q r a l l y  F i n n e d  Tubinq 

3,23 2 , 2 1 2  Kri . tzer ,  R.R. 
1965 ' ~ u q .  9 4 ,  
1 6 5 / 1 7 9  
Q42P 
!feat. T r a  n s f  e r  Element  

3,221,399 Racmnzin, .T. 
1 0 6 5  Dec. 7, 
? 9 / 1 5 7 . 3  
(3. $28  
Yethod O f  !!anu.fact .urinq B e a t .  E x c h a n q e r  



3 , 2 6 0 , 4 5 9  P o p o v i . t c h ,  D.  
1966 1 . o ~ .  39, 
165/140 
0 42R 
E x t e n s i v e  Sur f a c e  Heat E x c h a n g e r  

.3,298,209 B a l l ,  A. J. ; and  P a l m e r ,  A .  
1966  Nov. 29 ,  
165/ 18 4 
0428  
Heat T r a n s m i t t i n q  Tubes Havinq H e l i c a l  F i n  Means 

3 , 2 9 5 , 5 9 9  Okamo to, Y .  3TA.L 
1967 Jan. 3, 
165/18r) 
O 425 
FIcat. T r a n ~ f e r  F i n  Heat Exchaeqinq Tube , 

3,360,940 Kritzer,  R, W, 
1967 Dec. 26, 
i6s/1~1 
0 4 2 8  
Beat Excha n q e r  Elements 

3 , 3 8 4 , 1 6 5  f la theus ,  R .  T.  
196R May 21, 
165/122 
0 4 2 8  
Heat E x c h a n q e r  

3 , 4 3 8 , 4 3 3  G n n t e r ,  A . Y .  
1969 A p r i l  15,  n u d s o n  E n q i n e e r i i i i  
165/151 
O 42R 
P1at .e  Pins 

3 , 5 4 0 , 5 3 0  Kritzer, R .  W .  
1979 Nov .  17, 
165/146 
042R 
G r a d u a t e d  Heat  ~ i c h a n q e r  Fins 

3 , 5 9 5 , 3 1 9  Rurne, F, A. 
1971 July 27, 
165/1R1 
0 428 
Modular I J x ? . i t s  A n d  nse 'Thercof T n  R e a t  E x c h a n s a r s  

3,613 3 , 3 9  Huqqins ,  H .  D. ; and P u d l c y ,  ( Y . J .  
1971 S e p t .  7, 
16S/l?31 
C 42n 
Expa .ndah le  Tube And Heat Pxchanqer 



3,632,105 O 'Connor ,  J . R .  
1972 S e p t .  19, 
165/1!31 
0 4 2 3  
Reat Exchangers  

3,731,732 Awe, R.C.; Durt-on,  J . C . :  a n d  Blank,  T . G .  
1073 Yay 8, 
165/ 18 1  

i3 U 2 R  
Tube And F i n  Heat  Xxchanoer 

3 ,746,086 Pas  t e r n a k ,  S, P. 
1973 J u l y  17, 
165/181 
942R 
Heat. ?? xc h a n q e r s  

3 ,752 ,228  Rosse, R.C.  
1973 Auq. 14, 
16.5/1 84 
13 42B 
I-Type Seqmen t e d  F i n n e d  Tube 

3 ,781 ,959  O8Connor ,  ;J.  M. 
1974 Jan. 1,  
29/157.3R 
042B 
Met.hor7 O f  ~ a h r i c a t i n q  .9 Finned  Heat. R x c h a n q e  T u h e  

3,804,1Fjn Seariqht , Y.F.: a n d  B r o s e n s ,  P. J .  
1974 A p r i l  16,  
l h 5 /  10 9 
042B 
,Jet. I rnpi.nqeme n t Fi n C o i l  

3,810,50C1 K u n ,  L.C. 
1974 May 14, Union Carh j r le  Corp. 
16.5/14 8 
r? 42R 
Cross Flow Reat E x c h a n q e r  

3,R4S8R14 K u n ,  L.C. 
1974 N O V .  5, Union C a r h i d e  C o r p .  
165./148 
% 92s 
~ i n n e i  Primary Surfqce Heat 3 ,xchani lcr  

3 ,87? ,517  ~ a s t e r n a k , '  S .  F. 
1975 ,  B P ~ ~ I  1 5 ,  
1h5/ 146  
9423 
?!eat R x c h n n q e r s  



3,885,936 Limebeer, G.'J.N. 
,1975 May 27 ,  
621304  
042B 
Heat Exchan qers 

3,90 1,312 Pasteraak, S. P. 
1975 Aug. 26, 
165/181 
042R 
H e a t  E x c h a n q e r s  And de tbod  O f  Haking Same 

3,947,941 O'Connor,  3. n.: and P a s t e r n a k ,  S. P. 
1976 R y r i l  6, 
29,/157.3 B 
342R 
Method Uf M a k i ~ ~ r j  A Heat Exchanqer: 

3,976,126 R u f f ,  R. 
1976 Auq. 24, 
165/110 
042R 
Air Coo led  Surface Condense r  

3,983,935 Henrion, C, E. 
1976 O c t  . 5, 
165/166 
0 42D 
IIcat Exchanqer 

4,034,80U Meijer, R.'J.; ' and Nulder ,  J. 
1977 J u l y  1~2,  :U. S.  p h i l i p s  Corp. 
165/148 
0428 
Not~r-Car R a d i a t o r  

4 , 3 7 1 , 9 3 ~  zollsan, J . O . ;  and Griewahn,  C - 0 .  
1978 Feb .  7, 
29/157. 3 A 
042R 
CPT Box F i n  

4,395.,649 ~ h i p e s ,  R . V .  
197U d u n e  20, 
165/162 
0 428 
Tube Rundf  es 

4,098,332 B r a t t h a l P ,  L . ;  a n d  L i n s t r o m ,  B. 
19?8 J u l y  4,  
165/ 17 2 
0 42R 
P i n n e d  T u b e  Heat Exchanqe r  C o n s t r u c t i o n  



4,131,157 L a i n q ,  N. 
1978 Dec. 26, 
165/86 
042B 
R o t a r y  Reat. E x c h a n q e r s  

4,141,411' K a l n i n ,  1 . M .  ETAL 
1979 Peh. 27, 
165/151 
042B 
Tubu la  r H e a t  E x c h d n g e r  

4,143,410 L a D o r t e ,  G.!?.: O s t e r k o r n ,  C.L.; a n d  ~ a r i n o ,  S.N. 
1979 Mar. 13 ,  
965/182 
042R 
Hea t  Transfer F i n  Surface 

4,180,897 Chester, D . H .  
1989 J a n ,  1, 
29/157.3 A 
042R 

I net h o d  3 f F a b r i c a t i n q  Honevcomb H e a t  E x c h a n q e r  

,399,629 R a t a d a ,  T o :  Senshu ,  T.; A r a i ,  A . :  H a r a d a ,  F.: f l a f s u z a k i ,  A.; 
Putawa t a r i ,  II. ; Ima izumi ,  Y. ; a n d  Ta kada ,  S. 
1981 NOV. I ? ,  H i t a c h i ,  Ltd. 
1651 15  1  
042B 
C r ~ s s - F i n  Tahe T y p e  Hea t  E x c h a n q e r  

F 

.<4,33C,633 Tro jani, B. L .  
1981 Nov. 17  
165/181 
0429 
Finned M e t a l  Tube and M e t h o d  f o r  Makinq the Same 

4,311,193 V a r h a ~ q h e ,  B . C .  ; a n d  I Iuqqins ,  H O D .  

198? J a n .  1 9 ,  Modine  P l a n u f a c t u r i n q  Corapany 
165/ 149 
0428 
S e r p e n t i n e  P i n  H e a t  Exchanqer 

4,328,861 C h e o n q ,  A.S.; and Beldam, R.P. 
1952 May 1 1 ,  Bosq-Warncr C o r p o r a t i o u  
165/151 
042R 
Louvred F i n s  f o r  Heat E x c h a n q e r s  

4,332,291 f l u l o c k - R e n t l e y ,  D. 
19R2 J i l n .  1, D. f l u l o c k - R e n t l e y  a n d  A s s o c i a t e s  
165/76 
0 42R 
I r e a t  E x c h a n q e r  w i t h  S l o t t e d  P i n  S t r i p s  



9,332,293 H i r a m a t s u ,  M e  

1982 J n n .  1, Nippondenso  C o , ,  Ltd. 
165/  1 5 3  
0428  
c o r r u q a t  ed P i n  Type H e a t  Exchanqer 

4 ,368 ,776  Neqita ,  J. ; Yamada, P. : Kaneko ,  H.; ~ q i n o ,  T. 
1 9 8 3  Jan. 1 8 ,  N i p p o n d e n s o  Co., Ltd. 
1 6 5 / 1 3 3  
0428 
Aluminum Reat Exchanqer 

4 , 3 6 8 , 7 7 7  Grasso,  G.  
1983 Jan. 18, C e n t r s  R i c e r c h e  ~i a t  S . P -  8 .  
165 /154  
tl43.B 
Gas-Liquid Heat Exchanser 

4 , 3 6 9 , 8 3 7  H o r a n n e ,  9. -I!. 
198.3 J a n .  25, S o c i e t e  Anonyme d e s  U s . i n e s  Chansson 
16S/ 1 ? 5  
042R 
Tube f o r  T u b e - P . l a t e  H e a t  E x c h a n q e r s  

4 , 3 7 3 , 5 7 7  ? lcMi l len ,  R.G. 
1983 Feh . 1 5 ,  I n t e r n a t i o n a l  H a r v e s t e r  Co. 
16S/ 1 2 2  
U42H 
Heat Exchanger Assembly 

4,373,578 S a p e r s t p i n ,  2 . P  .; E l - ~ o u r i n i ,  R .  fl. ; and Hunch, J e E o  

1983  Feb .  15, n o d i n e  19 a n u f a c t o r i n g  Company 
1 6 5 / 1 4 1  
342R 
n n d i a t o r  w i t h  Iieat E x c h a n q e r  

4 ,375,032 A s s e l m a n ,  C. A. ; C a s t e l i q n s ,  A .Po J. ; a n d  Van  Ilensvoort, A. 3. 
1903 Mar. 8 ,  U.S. P h . i l i p ~  Cow, 
165 /1SZ  
042R 
Tube  a n d  Fin R a d i . a t . o r  

2 , 2 4 4 , 8 0 3  P a s c a l e ,  H. 
1 9 4 1  J u n e  10, 
2 5 7 / 2 6  2  
0422  
Heat T r a n s f e r  Tube 

2,247 ,24 .3  K r i t z e r ,  R . W .  
1941  J11ne 2 1  
29/157.  3 
0 4 2 C  
Heat: Plxchanqe .E, lement  and  Method of fla k i n q  t h e  Same 



2 , 9 6 3 , 9 9 7  R o d q e r s ,  J. S, 
1 9 4 Q  March 8, 
2 9 / 1 5 7 . 3  
o u 2 r  
!let)l.od O f  Wakinq Externally And 1 n t . e r n a l l y .  F i n n e d  Tnbes 

2 , 5 5 3 , 1 4 2  M c C r e a r y , .  K.. . 

1 9 5 1  Play 15, . . 

2 9 / 1 5 ? .  3 . . 

942:: 
Y e t h o d  For Makinq H e a t  Bxchanqers  . .. 

2 , 8 7 5 , 9 9 9  ~ o d e r s t r o m ,  S o  H. 
195q  J m .  27, 
2 5 7 / 2 6 2 .  20 
3 42C 
Heat Yxc hanqe ~leme'nt .  . . 

2,33 5 , 4 4 7  Huet ,  A .  
l 9 5 Q  Sep t . . '  2 2 ,  ' . .  , 

257/ 26 2. 1 4  
042C 
T u b u l a r  Heat. E x c h a n q e r  

2 , 9 7 8 , 7 ? 7  Tke l u n d ,  A.  F, 
1 9 6 1  1 p . r i l  11 , . ,  

29/157.3 
1342C 
Tubt11a.r  Pinned Metal Sect.ion And M a n u f a c t u r e  .Thereof 

I<. 2 , 9 9 8 , 2 2 8  F u n t ,  A .  : 
A' 1 9 6 1  A u ~ .  29, 

2 5 7 / 2 6 2 . 1 8  
9 4 2 C  
Snrfaccl Iiaa t R x c h a n q ~ r s .  

3 , 1 1 ? , 1 6 P  N u e t ,  A .  
1 9 6 7  Nov. Is ,  
! 6 5 /  165 
042C 
Heat. Exc hanqers 

3 , 1 2 8 , 8 2 1  A n d e r s e n ,  E. C. 
1 9 6 3  A p t .  1 4 ,  F l e x o n i c s .  Corp. 
1 5 3 / t l  
0 42f: 
C o r c u q i ~ t o r  . for  Y e t a l  T u b i n q  I . I . ._.. _ 

3 , 2 1 5 , 1 9 6  P a u l s ,  T O P .  , - 
1 9 6 5  Yov. 2 ,  . .  , 

1 6 5 / 1 7 ?  
0 42C ., 

r(let3 1 F a h f i s r \  ti;on .- - . - "  : . ) . .  . , ;. . ::, . , , , ., . , . 



3 , 2 8 9 , 7 5 6  J a e q e r ,  U . R .  
1966  Dec. 6 ,  O l i n '  Math ieson  Chemica l  Corpora t i o n  
165 /155  
C42C 
Heat E x c h a n q e r  

3 , 2 9 0 , 1 6 2  L o e h l e i n ,  H .  J .  ; and C u r r a n ,  E. E. 
1966 D P C ,  27, 
165/181 
042C 
Reat R x c h a n ~ e r  C o n s t r u c t i o n  And Method F o r  ~ a k i n q  The Same 

3 , 6 0 2 , 0 2 7  KIuq, W .  A . ;  and Ware, C . D .  
1971 Anq, 31, The Trane Company 
72 /90  
.3 uac 
S i m u l t a n e o u s  F i n n i n q  and ~ e f o r m i n q  o f  T u b u l a r  Heat T r a n s f e r  s u r f a c e  

3,956,079 Geppe l t . ,  E. W. 
I Y ' T O  Dee. 24, 
l 6 5 / 1 8 4  

* .  Q42C 
Finned  T u b e  Heat Txchanqe Con(1uctor 

4 , 3 3 1 , 6 0 2  Cunni.nqham, J . L . ;  and Camphel.1, R . J .  
1977 June 29, 
29/157,  3AH 
0 42C 
Yethod u f  ~ a k i n g  Heat. T r a ~ ~ s f e ~  T ' u t e  

4 , 9 6 5 , 2 6 4  .Z,ewin ,  J. E. 
197?  ~ e c  27 ,  
23/258.  SEH 
0 4 2C 
nl .03d  (?I[ y q c n a t o r  With I n t . e q r a 1  H-X pnr F?eqn l a  t.i nq at.c. 

U,i)96,95q Yabdas ,  E..P. 
1978 wav 2. 
16S/ 155 
n li zi: 
Aat 9mot i v e  Qi 1 Cool.sr 

4,17.1,!215 Pricey, C.W. : Miller, K .  J .  ; and Ro'binson,  R . R .  
1979 0c.t. 16 
165/18  1 
0 42C 
!feat Exchanqer  Tube a n d  f lethod o f  Yakinq Same 

4 , 3 1 7 , 2 6 8  Rowden, n . R . :  and N o v e l l ,  B. J. 
1982 gar. 2, S o l a r  Limited, I n c .  
29/157,3 AH 
0 4 2 C  
Process  far  Makinq a ~ e a 6 e r  Fxcbanqer 



4,369,r)SQ F t i n k e ,  K.-H.. 
1 9 8 2  Yov. 23, F u n k e  b ? a r m e a u s t a ~ ~ s c h e r  A p p a r a  t e b a n  KC 
1 6 5 / l h ( !  
0 U 2 C  
T U ~ E !  T Y D ~  Hpa t S x c h a n q e r  

2 , 9 8 5 , 4 3 4  B o r i n q ,  S . A . ; S p e c a ,  E . J . ;  a n d  ~ i e r a k ,  S - J .  
1 9 6 1  Yay 2 3 ,  
257/2US 
0 42D 
B e q e n e r a  tor 

3 , 0 5 9 , 2 3 3  F o w l ? r ,  G. 
1979 ?Iov. 26 ,  
165 /  1 5 3  
0429 
Fea t  Exc hanqclrs 

2 , 7 8 9 , 7 0 7  S i m p e l a a r ,  C . S .  
1957 A p r i l  2 3 ,  
257/2 '15 
13 r12" 
H e a t  E x c h a n q e  r F i n  S t r r i c t u r a  

2 ,892 ,618  Holm,  S .  
1959 J u n e  30, 
2 5 7 1  2 4 5  
(3 42E 
H-X And Cores .Ant? E : u t e n d e d  Surface E l e m e n t s  Therefor 

3 , 7 8 7 , 5 1 2  ? t 3 v e r ,  E .F .  
l Q 6 5  J u n e  ?, 
1 6 ' 3  185  
0429 
!feat n i s s i p a t o r  For F l e c t r o n i c  C i r c u i t r y  

3 , 2 0 3 , 9 6 2  S c h o l z ,  C.F. 
1 3 6 5  S e p t . .  2 8 ,  
1 7 4 / 1 5  
C 42: 
f l o u n + i n q  And C o o l i n q  .C: y s t .  F o r  S e m i - c o n d u c t o r  Heat. G e n e r a t  i n q  Dev. 

3 , 3 6 7 , 6 8 2  H a r t l ~ y ,  D.F. 
l a 6 9  ,Tan. 16,  
l h 5 / 1 R 1  
Oh?* 
Hest  Exchanqers S a v i n q  V o r t e x  P r o d u c i n q  Vanes  



3 ,818 ,984  Wakamura, K O ;  a n d  ~ u r o y a n a q i ,  M e  

1974 J u n e  25, 
165 /166  
042F 
Seat Exchanqer 

4 ,329 ,146  IIart,  B. P.;  and Koanig, R o A .  

1977 June 1 4 ,  
167/ 166  
042E 
C a r r u g a t  e d  Sheet Heat E x c h a n q e r  

4 ,163 ,474  HacDonald ,  F. D. ; Rose, l 7 . K .  : and P a p s d o r f  
1979 h u q .  7 
165/179 
0 4 2 ~  
T h t e r n a l l y  F i n n e d  Tube 

l r ,171,015 D u c c y ,  C .  W,; N d l l r - ? T - ,  K. J, ; and  P o b i n s o n ,  P,R. 
1979 Qct. 16 
165/181 
0 42E 
Heat E x c h a n g e r  Tube a n d  Method of Nakinq Same 

4 ,190 ,897  Chest.er, D.H. 
1989 Jan, 1 
29/157,  3 8  
n421"; 
ivlethod o f  ~ a b r i c a t i n g  Honeycomb Heat E x c l ~ a , n q e r  

4,337,826 R r i t z ' e r ,  P.M. 
1982 J u l  . 6 ,  Peerless nf awerics, Inc. 
165 /151  
O42E 
Heat Exchanqers a n d  Rethod o f  Nakinq Same 

4,346,?63 Vida l -P ieza ,  G . D .  
19P2 921q. ? 1 ,  Caterpillar Tractor C3. 
765/166 
342; 
Heat Exchanqer. P l a t e  1.lnv1nq D.Lsl,;,c~rt.i,na Reci~tan?: rlni- f nrm p l e a  tj: 

4,368,779 Rujey, A .  ; and Cohon. G. 
1903 , ~ n  n. .1R, ' I n s t i  t 11t. ~ r a n s a i s  du petrole 
16S/ 16 5 
042E 
Compact Heat. Exchanaer 

3,117,625 F r a e n k a l ,  S . J .  
1964 Jan .  1 4 ,  S t a n r a v  Corp. 
l 6 5 / 1 8 5  
0 42P 
F i l l i n q  P l a t e r i a l  for Heat E x c h a n g e r s  



3 , 1 6 3 , 2 0 7  S c h u l t z ,  R e  T. 
1964 Dec. 29, 
1 6 5 / 6 8  
OU2P 
Heat D i s s i p a t i n q  Mount For ~ l e c t r o n i c  Coatponents  

4 , 3 7 4 , 5 4 2  B r a d l e y ,  J.C. 
1983 Feb .  22, 
! 65 /156  
0 42F 
l 7 n d u l a t . i n q  Pr i s m o i d  N o d u l e s  

2 , P 5 8 , 0 2 1  C o r n e l i s o n ,  R.; and. Wolff, I?. A. Jr. 
1961) Oct. 25,. 
3 1 7/2 3 4 
9 4 3 A  
C o o l . i n q  Arranqement For T r a n s i s t o r s  

2 , 9 6 0 , 1 1 4  I l i n d e ,  J. N. 
1'36.7 Nov.  15 ,  
138./3 8 
C 4 3 4  
I n n e r f i n  ned F e a t  T r a n s f e r  Tubes 

3,.9RU, 4 9 3  P o c h ,  I?. Y.; P i r s h ,  R . A . ;  and S w ~ n s o n ,  A.S.  
1963 flav 7, 
130/37  
Q43A 
R i b b e d  V a p o r  Gene rat  i n q  Tuhc?s 

3 , 3 3 3 , 6 3 1  *4cGurty,  J .  A * ;  a n d  Necker, .b?.C. 
1967  S e p t .  5, 
1 6 5 / 1 9 9  
0 4 3 9  
[feat Exchanqer !Tt i l . i z i n q  V o r t e x  P l o w  

? , 8 7 1 , 4 0 ?  F Y ~ O V ,  A . V .  ETAL 
1975  March 18,  
138/ 38 
0 4 3 9  
fieat Exc hanqe A p p a r a t u s  

4 , 1 1 8 , 9 4 9  L o r d ,  R . G .  ; ~ u s s j a q e r ,  ROC.: a n d  G e a r ~ ,  D o F .  
1478 O c t .  10, 
62 /98  
O q 3 2  
fr i q h  P c r f ~ r m a  n c e  ilea t Pxchanaer  

3 , 2 9 9 , 9 4 9  S e u r t h c r e t ,  C.A.E. 
1967 J a n .  24, 
165/  18 5 
O u  3C 
Device For 'Evapora't . iv 'e  C o o l i n q  O f  B o d i e s  A n d  Pnwer Vacuum s t c ,  



3,326,283 Ware, C.D. 
1967 J u n e  29, 
16 5 /  1 8'1 

' OQ3C ' , 

Reat T r a n s f e r  Snrf ace 

3,521,708 W.ebb, R . I .  
1970 J u l y  213, 
16S/ 186  
043C 
Heat T r a n s f e r  Surf ace. Which ~ r o m o t - e s  N u c l e a t e  ~ h u l l i  t i o n  

3,696,861 Webb, R.E. 
1972 nct. lo,  . .  

1657133 
043C 
Heat T r a n s f e r  s u r f a c e  A a ~ i n q  A Righ ~ o i l i n q  H. 'P. Cuf Eic icnt  

3,768,290 Z a t e l l ,  V.A, . . 
1973 O c t .  30, 
72/68 
043C 
Method Of, f l o d i f y i n q  A Finned  Tube F o r  B o i l i n q  Enhancement 

3,881,342 Thorne ,  J . K .  
1975  Hay 6 ,  
72/68 
043C 
n e t h o d  F o r  Hakinq Inteqral Pinned Tcrbes P o r  Submerqed Boi l i n q  

4,040,479 n amp hell. R.J.: and R i e q s r ,  R.R. 
1977 A u ~ .  9, 
165/133,  
043C. . 

F i n n e d  T u b e  Having  Enhanced  lncleate B o i l i n q  S u r f a c e  

4,059,s147 Thorne ,  J.K. 
1977 Nov. 22 ,  
165 /133  
043C 
Itlt a y r a l  l r i anod  ~ u b e  For Submerged B o i l i n q  ~ p p l i c a t i o n s  etc. 

4,974,753 S c h m i t t l f ? ,  K . v . :  and Starrier, K . E .  
197R Feb. 21, 
165/184 . . 

043C 
.neat T r a n s f e r  In Pool B o i l i n q  

, . 
4,159,739 Brothers, W .  S.; and K a l l f e l z ,  R o J o  

1979 J u l y  3 
165/133  
043C . . 
Heat T r a n s f e r  Snrf ace and  Hetho4 o f  H a n u f a c t u r e  



. , 

I .  4,159,735 ~ n d e . r s o n ,  J.B. 
1 9 7 9 J u l y 3  ' 

16S/ 90 
' 043D 

P l a t  e - P i n  Heat E x c h a n g e r  With  C o n t r o l s  Therefor 

3,455,376 B e u r t h e r e t ,  C.A. E. 
1969 J u l y  15 ,  
165/ 1 
O43E 
Heat Exc ban g e r  

4,159,735 A n d e r s o n ,  J . H .  . . ..,,. 

1979 J u l y  3 
1 6 5 1  40 

. . 0431 
Plate -P in  i3ea.t E x c h a n q e r  With  C o n t r o l s  T h e r e f o r  

- .  
2,935,306 B e u t h e r e t ,  C. 8 .  E. 

1960 Hay 3, G e n e r a l  E l e c t r i c  Company 
2571250 
043F 
Vapor  C n o l i n q  A p p a r a t u s  f o r  E l e c t r i c  D i s c h a r q e  D e v i c e s  

2,969,957 B e u r t h e r e t ,  C. A. Eo 
196 1 J a n .  31, Compaqnie  F r a n c a i s e  Thornson-Houston 
2 5 7 / 2 5 0  

% 0 43F 
Electr ic  D i s c h a r q e  D e v i c e  C o o l i n g  S y s t e m s  

3 ,046,428 B e u r t h e r e t ,  C. A. E o  

1962 J u l y  24, Compaqnie  F r a n c a i s c !  Thomson-Houston 
313/12 
0 43F 
High F r e q u e n c y  E n e r g y  I n t e r c h a n g e  D e v i c e  

3,046,429 R e s r t h e r e t ,  C.  A, E. 
1962 J u l y  24, Compaqnie  P r a n c a i s e  Thomson-Houston 
313/12 
043F . . 
Hiqh F r e q u e n c y  E n e r q p  I n t e r c h a n g e  Device 

3,089,318 f lehe-ler ,  H a  K. 
1963 Nay 1 4 ,  
6 2 / 4 6 7  
0 4 3F 
~ y p e r s o n i c  C o o l i n g  S y s t e m  

3,235,004 B e u r t h e r e t ,  C. 
1966 F e b  . 15,  Compaqnie  F r a n c a i s e  Thomson-Houston 
165/ 185 
0 4 3P 
Heat Dissipating S t r u c t u r e  



3,30 6,350 R e u r t h e r e t ,  C.A.E. 
1967 F e b  . 28 ,  Compag n i e  F r a n c i s e  T h o m s o n  H o u s t o n - B o t c h k i s s  Brandt 

043F 
E l e c t r o n  D i s c h a r g e  T u b e  H a v i n g  ~ a p r o v e d  c o o l i n g  M e a n s  Theref  or 

"I 

3,367,415 D e u r t h e r e t ,  C.A. E. 
1968 Peh. 6, Com.paqn . .. i e  Francaise T h o a s o n  Ei o u s t o n - B o t c h  kiss Brandt 
165/185' 
0 43F 
A n i s o t h e r m  E v a p o r a t i o n  A e a t - T r a n s f e r  S t r u c t u r e  

3,384,160 R e u r t h e r e t ,  C.R. 
1968 ?Jay 2 1, ~ o r n p a q n i e  F r a n c a i s e  T h o a s a n  t l o u s t o n - ~ o t c h k i s s  B r a n d t  
lti5/94 
O43F 
N o n - I s o t h e r m a l  Evaporation Type Heat T r a n s f e r  A p p a r a t u s  

3,390,667 R e u t h e r e t ,  C. A. E. 
1965 J u l y  2, Compaqn i e  F r a n c a i s e  T h o m s o n  H o u s t o n - R o t c h  kiss Brandt 
,123/8 
0 b.3 F 
T w o - S t a q e  C o o l i n q  System f o r  Heat M a c h i n e  C o m p o n e n t s  

4,284,133 G i a n n i ,  S . J . ;  a n d  S e e l e y ,  We#. 
1981 A u q .  18, Dunham-Bush , I n c .  
165/ 133 
0 4 4 8  
Concent r  ic Tube lieat: Exchauqe  R s s e m b . 1 ~  w i t h ,  I m p r o v e d  I n t e r n a l .  

' F i n  S t r l l c t u r e  

4,367,791 Asami, T. 
1983 .Tan. 11, K o h e  S t e e l  Ltd. 
165/109 
0 44 A I D  
Heat T r a n s f e r  T u b i n g  for N a t u r a l  Gas E v a p o r a t o r  

3,273,599 [Ieeren, H. 
1966 . S e p .  20. 
130/311 
245a 
T n t e r n a l l y  F i n n e d  C o n d e n s e r  T u b e  

3 , 4 5 7 , 9 9 0  ~ h e o p h i l o u s ,  d. P. ; a n d  wanq, D. I. 9. 
1969 July 29, 
165/133 

O 4 S A  
M l l l t  i p l e  Passaq? Heat. E x c h a n q e r  U t i l i z i n g  N u c l e a t e  B o i l i n g  

3,520,494 L e v e d a h l ,  W. J. 
1970 Sept. 15, 
165/ 10 5 
045A 
?lest. P i p e  For L o w  Thermal ~ o n d u c t i v i t y  P o r k i n q  F l u i d s  



3 , 1 7 5 , 9 6 9  K a s s a t ,  A .  
1965 Yarch 30,  
20 2/ 189  
045R 
-Air Cool. ed Condenser  For D i s t i l l i n q  A p p a r a t u s  

4 , 1 6 6 , 4 9 8  P u j i e ,  R .  ETAL 
1979 S e p ,  4  
165/13 3 
0 45R 
'Vapor-condens inq ,  H e a t - T . r a n s f e r  Wall  

2 , 2 4 1 , 2 9 9  L e a ,  %.S. 
19U1 Bay 6 ,  
257/236 
9 45C 
F i n n e d  C o n d e n s e r  Tube 

2 ,9R3 ,115  Caswell, H.E. 
1961 flay 9, 
6 2 / 2 8 5  
0 4  5:: 

. , Ileat T r a n s f e r  D e v i c e  W i t h  C o n d e n s a t e  D r a i n a q e  Ueans  

3 , 4 5 0 , 1 9 3  Wolfe, W .  J r .  
1969 ,111ne 1 7 ,  
165/1 
045C 
Cncrucrat ed Tu binq 

3 , 4 5  1,394 W i t  h e r s ,  J .  C. Jr. 
1969 Dec. 2, 
-165/179 
0 45C 
Conf i q t l r a t i o n  Of H.T. Tubinq For Vapour C o n d e n s a t i o n  etc. 

3 , 5 5 9 , 4 7 7  W i t  h e r s ,  J r . .  J.G. 
1971,  Feb. .  2 
72/96 
3 4 5 c  
Method s n d  Apparatus  for n a k i n q  Heat T r a n s f e r  T u b i n g  

4 , 3 3 0 , 0 3 6  Satoh, Y ;  and  Miqo, T. 
. 1982 May 18, Kobe St e e l ,  L t d .  

165 /179  
0 45C 
C o n s t r n c t i o n  o f  a Heat T r a n s f e r  Wall and Heat Transfer Pipe  
and Method of P r o d u c i n q  fleat T r a n s f e r  P i p e  

2 , 8 1 3 , 7 0 1  Fenqer, C .  
1957 Nov. 19, 
257/24  5 
0 437 
cross   low k e a  t Exchanqer  



0 4  5 E  
Ric Cooled Heat E x c h a n g e r  For Coo:lioq L i q u i d  Media 

2,9 47,1521  loe em, A .  IT. 
1960 Auq. 2 ,  
62/40 
045P 
H-X For S e p e r a t i n g  Out, Constit.uents From A Gas 'By Coolinq 

4 , 1 U 1 , 4 3 9  B o o d h u l l , I .  n. JP.  ; and Liedel, T.H. 
1979  P c h .  2 7 ,  
l h 5 / 1 1 0  
045F 
ConAeno;~r  Reader C o R . . ; t r u c t i ~ ~  

4,366,859 K C T C S ,  ,T. H a  
1983  Jan .  4 ,  
1 6 5 / 1 8 4  
0 46R 
Refract,ory Heat Fxchanqc! Tube 

4 ,37U,542  Bradley, J.C. 
1983 P e b .  2 2 ,  
165/ 1 6 6  
046F 
T l n d u l a t i n q  Pr i s m o i d  ~ o d u l e s  

3,$86,976 R a r  das, A .  ; L a r s o n ,  D. H, ;, and ~ e s b i t t ,  J . D .  
1975 June 3 ,  
138/ 39 
0 52 h 
necmpera tor Havinq R R e r a d i a n t  I n s e r t  

3 , 9 2 1 , 7 1 1  W e s t h r o c k ,  A.J, 
1975 Nav,  2 5 ,  
165/ 130  
0 52A 
Tur b u l  st Or 

4 , 1 9 4 , 5 6 0  d a t s u z a k i ,  Y .  
IQ843 Yar. 5 ,  Nihon F a d i a t o r  Co., Ltd. 
165/141  
952A 
0i . l  Coo1.e.r and ne thog  for Forminq Tt 

1 , 9 3 1 , 2 6 8  P h i l i p p , .  L . A .  
1933  Oct. 17, 
62 /126  
0 5 4 A  
F e f  r iqeraQinq S y s t e m  



4 , 1 8 6 , 7 9 8  P s e ' l u i k o ,  J.I.; K u t s g k o v i c h ,  D.R.; S h a b e l n i k o v a ,  L.A. ,  
K h o l o p o v  , V . ,  S c h e k i n ,  N. G . ,  G r i t s u k ,  L. D.,  R a t s e n e l e n  b o q e n ,  L. B. 
1980  Feb. S 
155, / l l J  3 
G54A 
T u h r ~ l a r  C o o l e d  Nem hers o f  T ? e t . a l l u r q i c a  1 F u r n a c e  

2 , 7 2 9 , 2 6 6  ! I l l m ~ h r e y ,  H. P. 
1 9 5 6  'Tan, 3 ;  Geceral  Gas l i q h t  Company 
!53 /71  
062A 
Appara tus  and Method f o r  Naki .nq  S p i r a l l y  C o r r u q a t e d  n e t a l  T u h e s  

3 , 2 1 3 , 5 2 5  C r e i c r h t o n ,  W . > Y . ;  F v a n s ,  S .O . ;  a n d  RcHurdy, A.E.  
1965 O c t .  26, 
29/157 .3  
3 6 2 4  
E e t h o d  o f  P o r m i n q  An T n t e r n a l  R i b  I n  T h e  Rare O f  A Tube 

3 , 5 3 3 , 2 6 7  R v n n e l l ,  T. R. 
197:! O c t  . 13,  T ~ i . r h o t e c ,  I n c .  
72/2  99 
062.4 
Yethod  a n d  P t s c b i n e  f o r  S p i r a . 1 1 7  C o r c u q a t i n q  T u b e s  

3 , 7 3 0 , 2 2 9  D w O n o f r i o ,  P. Z. 
1 9 7 3  ?lay 1 ,  Turbo tec ,  . Inc .  
138 /11U 
062A 
T u h i c q  r r n i t  w i t h  ~ e l i c n l l y  C o r r ~ i q a f e d  T u b e  a n d  f l e t h o d  . f o r  H a k i n q  
Same 

3 , 7 7 7 , 3 4 3  H a r t f o r d ,  M. L. D. 
1 9 7 3  D e c .  11, S p i r a l . .  T u h i n g  C o r p .  
2 9 / 1 5 7 . 3  jB 
062A , 

M e t h o 3  f o r  F o r m i n q  a R e l i c a l l  y C o r r u q a t e d  c o n c e n t r i c  ~ u b i n q  u n i t  

4 , 3 1 4 , 6 2 6  H u l l e r ,  W. ; G a n e r ,  R.; W a l k e n h o r s t ,  W . ;  a n d  W i l d ,  G. 
1952 F e h ,  4 ,  H o e c h s t .  A k t i e n q e s e l l s c h a f t  
1 6 5 / 1 6 3  
0 6 2 C  
F . p p s r a t u s  f o r  a T r e a t m ~ n t  o f  P . l o w i n q  Media  W h i c h  C a u s e s  H e a t  
Exchanqe a.nd V i x i n q  

3 , 2 2 9 , 4 5 4  S t e i n ,  W . J .  ; a n d  B a n t h i n ,  C.R. 
1966 J a n .  11, 
l 6 5 / 1 6 h  
3 h2.D 
C o r r u q a . t e d  ,P la . t . e  C o u n t e r  F l o w  T3eat E x c h a n u e r  

2 , 6 1 0 , 8 3 5  P y t t ~ ,  R . P . L .  
1 3 5 2  S e p t .  1 6 ,  
257/  24 5 
063D 
P l a t e  Heat. F x c h a n q e r  



2 , 6 1 7 , 6 3 4  J e n d r a s s i k ,  G .  
1952 Nov. 1 1 ,  
2 5 7 / 2 4 5 .  
0 620 
Reat Exc hanqer 

2 , 6 2 3 , 7 3 6  Hyt te,  R, P.L.'. 
1952 Dec. 30,  
257/245 
062D 
'.plate Type 'Pasteurizer 

2 , 8 7 2 , 1 6 5  Wennerherq, .  F . J .  
. ., 195'9 Feb. 3 ,  

2S7/ 24 5 
062D . 

< 
PlaLe  Type  Rcat E d ~ h ? n q e c s  

2,932,031 d i l l o r .  L . H .  
1960 April 1 2 ,  
2 5 7 1 2 5 6  
0 62Q I 

.flea% Tran.s.f er Unit 

2 , 9 5 2 , 4 4 4  J e n s s e n ,  S.K. 
1960 S e p t .  1.3, 

. '257/245 
O67n 
Heat Exehanqers of  h he Pla.te li'ype 

2 , 9 9 5 , 3 4 4  H r y n i s z a k ,  #. 
1961 A u ~ .  9,; 
257 /245  
062D 
P l a t e  Type  Heat Exchanqer 

3 , 2 0 7 , 2 1 6  n o n a l d s o n ,  D.M* ' . 

1965 S e p t .  . 2 1 ,  
165/948 
0 62D 
Heat Excbanqer 

3,J11,165 Karmazifi, J. 
1967 Ya rr?h " 20,  
165/ 10 9 
062D 
Heat Exc hanqer 

3,4G9,626 W r i q h t .  P , H .  ; a n d  Bilson, A . H . .  
1969 5 e p . t .  3 0 ,  
165/166 
062D 
P l a t e  Heat Exchanqers  



3,532,161 L o c k e l ,  F.A. 
1970 O c t .  6 ,  
165/167 
0620 . 

P l a t  e Type Heat Txch anqer  

3,559,722 S c h a u l s ,  J . L .  : and  Duncan, F.D. 
1971 Feb .  2 ,  J 

159/16 
0 62D 
Net.hod And Apparat i l s  F o r  Two Phase H . X .  F l u i d  D i s t r i b u t i o n  etc. 

3,599,917 Huher,  J ,  ; and oot .h ,  L. 
1971 J u l y  6 ,  
165/167 
062C 
Plat.  e ' ~ y  pe. f ieat  Exchanger  

3,608,629 Cowans, K . . W .  
-1971 Sept. 28,  
165/165 
062D 
p . 1 0 ~  ~ o m p d n . s a  tor For Exchanqer  Appa ra tu s  

3,650,331 Kaltz, K.L. 
1972 Yarch 21, 
165/106 
0620  
S h e e t  Me ta l  R a d i a t o r  Assembly 

, .3,669,186 S c h a u l s ,  J. J. 
1992 J u n e  13, 

.. 165/166 
062D 
D i s t . r : i b u t o r  F o r  P1at.e Type Heat Exchange r s  H a v i n g  End H e a d e r s  

, 3,757,856 Kun, L.C. 
1973 Sept. 11, 
165/16 6 
0 6 2D 
P r i m a r y  Surface 'Heat Sxchange r  A n d  H a n u f a c t u r e  Thereof  

3,759,322 N a s s e r ,  G.E.D.; and Waldmann, H .  
1973 S e p t .  18, 
165/ 166  
0620 
Fleat E x c b a n s e r  

3,759,323 Dawson, H.J. ETAL 
,1973 Sept. .  18, 
165/166 
Q 6 2 D  
C-!?lo# stacked'  P l a t e  Hea t  E.xchanger 



. . 

3,807,496. Stadmark, N.H.G. 
1974 Apr i l  30, 
165/167 
062D 
Heat E xc hanqe  P l a t e s  

3,827,343 Dars, W.3. 
1974 hnq.  6, 
98/115 
0620 
c r e a s e  ~ o l l k c t i n ~  Heat Exchanger ~ n s t a l l a t i o n  

3,831,664 Poqson, JwF* 
1974 Bug. 27, 
16 5/80 
062U 
Beat P i p e  Pnt e r f  aces 

3,t362,661 Kova.leak6, L.#, ETAL 
,1975 J a n .  28,  
165/166 
052D 

Corrugated P l a t e  For 8 - X  And 8-x With S a i d  E t c .  

3,931,854 Ivakhnenko; V.V.. ETAL 
1976 Jan .  13, 
165/166 
OC2D 
P l a t e  Type Heat-Exchanqe A p p a r a t u s  

- 3,983,191 Schauls ,  5.3. 
1976 S e p t .  28,  
261/114R 
062D 
Rrazed P l a t e  T y p e  H-K For ~ o n a d i a b a t i c  ~ e c t i f i c a t i o n  

3,99 5,688 Darer, W. .T. 
1976 Dec. 7, 
1651 165 
062D . 
Air T o  Air Heat Exchanqer 

4,002,201 Don aldson,  D, PI. 
193'7 J a n .  11, 
165/ 140 
0620 
H u l t i p l e  F l u i d  Stacked P l a t e  Heat Exchanqer 

4,O 16,928 Barte l s ,  E.L.; a n d  Qleminq, R .B. 
1977 A p r i l  1 2 ,  
1651 14 1 
062D 
Heat Yxchanqer  Core Bavinq e x p a n d e d  neta 1 H e a t  T rans fe r  Sur faces  



4,973,348 P a r k e r ,  R.0. 
1978 F e b .  1 4 ,  
165/.166 
0 6  20 
F o r n e d  P l a t e  Type Beat E x c h a n q e r  

Ue10R,2U2 S e a r i g h t .  E.P.; and T l a n a q a n ,  .Po , . 

1978 Bug. 22,  
i651164 . . 

0621) 
Jet I m p i n q e m s n t  Heat. E x c b a n q e r  . "  . .  . .  

4,109,710 P o r s t e r ,  So; a n d  Kleemann,  F o  

1978 Auq. 29, 
I . . ( r a  + 

. . 
165/165 
062D 
Heat Xxchanqer 

4,109,711 K l e i n e ,  C.A.; and W i d d l e t o n ,  V.L. 
1978 Auq. 29,  
1651 170 . j 
O62D 
Heat E x c  han.qe Pane]. 

4,120,,351 K l e i n e ,  C.R.; a n d  YdddPe ton ,  B.L. 
1978 O c t .  1 7 ,  
l r j5/170 6 .  

0621) , . 
Beat E x c h a n g e  P a n e l  a i t h  Improved  R e a d e r  

. . -. 

4,128,125 B o r j e s s o n ,  L . R . ;  and J o h a n s s o n ,  L.A. 
1979,Dec.  5, 
165/163 
0 5 2 D  
S p i r a l  Ben t E x c h a n q e r  

4 ,131,159 Lonq,  W . A .  
197R Dec. 26, 
165/166 
062D 
Heat E xc hanqe r 

4.133,377 L a l l e e ,  de.J.: f l a r i n ,  G: a n d  l o r a c c h i o l i ,  R. 
1479 J a n .  9, 
1 6 5 / 1 1 8  
062D 
T h i n - F i l m  H e a t  E x c h a n q e r  

4 ,146,090 Makayama, Y e ;  and  Komana, 8 .  
19?9 Plar. 27,  , . .  
1651  1 6 6  
0 6 2D 
Plate  Type Flea.* Exchanger , .  

I 



4,162,703' Bosaeus, J . A .  
1979' ~ u l y '  31  
1651 167  
062D 
P l a t  e-Type Beat Exchanqer  

4,176,713 F i s h e r ,  R. 
1979 Dec. 4 
165/ 166  
0 620 
P l a t  e-Type Heat Exchanqer  

4,183,403 N i c h o l s o n ,  T.P. 
igun .Tan, 1s 
165/166 
O62D 
P l a t e  T y p e  Heat Exchanqers 

4,313,434 Denqtnnon, P. 
1982 Feb .  2, C a r l  J o h a n  t ockmans  I n q e n j o r s b y r a  
165/148 
062D 

I P l a  t e He a t  E,xcha nger 

3,860,065 Schauls, 3.5. 
1975 Jan. 14, 
1651166 
O62E 
D i s t r i b u t o r  F o r  plate Type Heat. ~xchmqer.' ~ a v i n ~  Side n e a d e r s  

'., 
4,144,933 t s s e l m a n ,  G . A . A . ;  and  ~ a s t e l i j n s ,  8 . P . J .  

1370 R ~ F  20, 
165/124 
062E 
Heat S x c h a n g e r  

4,148,357 F o r s t e r ,  S. ; and  Kleemann, 
1474 A p r i l  10, 
ldSf140  
962E 
Heat E ncltanger Ratri x far ~ c a u ~ o r a t i v e  Aoat Exchange etc. 

4,222,723 Y i l a l ,  H.A. 
14n9 S e p  + 23, Wisconsin Alumni R e s e a  r c h  F o u n d a t i o n  
165/133 
063F 
Hea t  Transfer i n  R o i l i n q  Liquifieil Gas 

3,240,683 Roqers, F.A. 
1966 ?larch 15, 
2 0 2 f 1 7 3  
065D 
D i s t i l l a t i o n  A p p a r a t u s  F o r  T r e a t i n q  Sea Water  To P r o d u c e  etc. 



3 ,371 ,709  R o s e n h l a d ,  C.F. 
1968 Narch  5 ,  
1 6 5 / 1 1 5  
0659 
F a l l i n q  F i lm P1at.e B e a t  X x c h a n q e r  

3,759,05? S l a a s t e d ,  R.S,; a n d  D u d l e y ,  J . C .  
1973  Sept .  1 8 ,  
6 2/9 3 
0 65D 
Hetho?  O f  C o o l i n q  A Gas And Removinq n o i s t n r e  T h e r e f r o m  

4 ,139 ,054  A n d e r s o n ,  J .R .  
1479 F e h .  13, 
165/76  
06SD 
P.1at.e P i n  Heat Exchanaer  

4,180,129 Sum.itomo, H. . . 
1979 .mc. 2S, Hisaka Works, L t a .  . 
1 6 5 / 1 1 0  ' 

. . . . 

0651) 
? l a t e  Type C o n d e n s e r  

4 ,182 ,413  Y o s h i d a ,  K.; P o b a y a s h i ,  K.; a n d  ~umitoato, R. 
19RO Jan 8 ,  i l i s a k a  works  L td .  
165 /110  

A .  

9 65D .. . 
c : .. . P l a t  e T y p e  C o n d e n s e r  

. . 

,.;;, 4,1R2,411 Sumitorno, H.; Pukami,  K ; ,  K o b a y a s b i , , ' K , ;  ~ o i ,  10,  ~ a u a n i s l i ;  
K, 2nd Y o s h i d a ,  K. 
1993 Jan. 8, H i s a k a  Works L t d .  
1 6 5 / 1 l  !I 
0 65D 
P l a t e  T y p e  C o n d e n s e r  

,," 

4 ,184 ,542  Somit.omo, A .  
13A? J a n .  22, 1I:isaka Works, LLd. 
1 6 5 / 1 6 6  
0659 
Plate T y p e  C o n d e n s e r  

4 ,228 ,850  Sumit.omo, 8. 
1989 O c t ' .  21, H i s a k a  Works,  Ltd. 
1 6 5 / 1 1 0  
065D ., , 

. . 
Plate Used i n  C o n d e n s e r  . .  , 

4,230,179 I l e h a r a ,  A . ;  a n d  f l i y o s h i ,  PI, 
1983 O c t  . %a,  H a r u o  U e h a r a ;  ~ol..yo Shibaura Denki Kabushiki Kaisha 
1 6 5 / 1 1 3  
265D 
P1at.e Type C o n d e n s e r s  



186 
. . . . 

4,285,395 f l a s u t a n i ,  R. ;. H o r i g u c h i ,  A, ; a ~ , d  Sumitorno, He 
1981 A n q  25 
165/110 
0 fiSD 
S t r u c t u r e  of  .F lu . id  C o n d e n s i n q  and  Hea.t C o n d u c t i n q  sa-rface of 
C o n d e n s e r  

1 ,770,208 Kemnal ,  J. 
. 193.3 J u l y  8, 
072A 
A i r    eater 

1,936,337 S c h m i d t ,  Id, A. 
1933 J u l y  4, 
072A 
Ilea-t I nterchanqinq A p p a r a t u s  

2 ,097 ,104  S a h a ,  A.  P. 
1337 O c t .  26, 
257/24 R 
072A ' 

Heat. Fxchanqe A p p a r a t u s  

2,169,887 Ramsaur ,  U.R, 
1939 J u n e  13,. 
138/ 38 

, 072A 
T u r b u . l e n c e  S t r i p  For R a d i a t o r  T u b e s  

3,97 ' I ,  159 t o ~ a y q i o s o ,  CIB. 
196'3 J a n .  1 ,  
l 3 8 / 3 8  
0 7 2 8  
Heat E xc ha nqe Tube 

.3,407.f37! P c n n o y ,  # , I ? .  
1968 O c t ,  29, 
165/05 
6'724 
Heat Yxcbanqer 

3 ,605 ,872  B r a u l t ,  9. 
1971 Sept. 20, 
? 6 5 /  1  
07 2h 
Met-hod 2 a u s i n q  l i q u i d  To  Plow I n  S t r e a m  Of A n n u l a r  C r o s s  S e c t i o n  

3,783,935 C h a r t . e t ,  A .  
1974 J a n .  8, . . 
3 65 /166  

k" 

072A . 

D i s t - u r b i n q  Device  hnd Beat. Exchanqer ~ r u b o d y i n q  T h e  Same 



3 ,870 ,081  K l e p p e ,  A , ;  and Tcrqersan, 0. 
1975 flacch 11, 
138/38 
072A 
Heat Exchanqe C o n d u i t  

4 , 0 4 4 , 7 9 6  Smick,  R.H. 
1977 Auq. 30, 
138/3R 
072A 
T l irb u l a  t or 

4 , 9 9 0 , 5 5 9  Meqerl . in ,  F . 9 .  
1470 May 2 3 ,  
165/173 
072P. 
* e a t  T r a n s f e r  D e v i c e  

4 , 3 3 6 , 8 3 8  E I y ,  R.J. 
1982 Jun. 29, 
165/109 T 
072A 
meat. E xchanqe T u r b u l a t o r  

2,36g,09U brvins, P . A . ;  a n d  q r v i n t z ,  A . A .  
1944 O C ~ .  1 0 ,  
2 5 7 / 2 3 3  
3 72F 
F!eat Exc han qer 

3 , 7 4 7 , 6 7 5  Palm, L . J . ; . a n d  Palm, R . ' R .  
1973  J u l y  2 4 ,  
1651 1 
972r 
Thermal F l u i d  Heater 

3 , 3 5 5 , 6 4 3  Beurt h e r e t ,  C . A . E .  
1362 S e p t . .  7 5 ,  
257/258 
0739 
Heat. Exchancrers  

2,51',65U Ganq le r ,  R .  S.  
1959 Auq. 8 ,  
261/99  
07 3~ 
Be f t iqorat  i n s  Apparat.us 

2 , 9 5 0 , 6 0 9  G a m b i l l ,  B.R.; a n d  Greene ,  N.D. 
1960 A u q .  30 ,  
62/5 
074A 
!Teat T ra n s f  e r  ne thod 



3,423,294 S e p h t o n ,  K,H. 
1969 June 21, 
203/10 
074A 
V 0 r t . e . x  F l o v  F i l m  D i s t i l l a t i o n  P r o c e s s  

3 ,648 ,754  S e p h t o n ,  B. R o  
1972 R a r c h  1 4 ,  
1S3/13A 
074A 
Vortex Plow F o r  E n h a n c i n g  I n t e r f a c i a l  S u r f a c e  E Heat & l l a s s   rans sf 

3 ,232 ,341  woodwor tb ,  LoR. 
1966  Feb.  1, 
165/111 
C75A 
C o n d e n s e r  

3 ,675 ,719  Ristow, R.E. 
1972 J u l y  11 ,  
965/1 
0 7 5 8  

. , H i q h  ~ f f i c i s n c y  Vapor C o n d e n s e r  and lvlethod 

3 ,457 ,982  S e p h t o n ,  H. H. 
1969  J U ~ ~  29, 
159/13 

' 076A 
T v a . p o r a t i o n  a n d  D i s t i l l a  t i o n  Appara tus  

4 ,130,902 N a c k e n r o t h ,  J . P .  111; and Bode, H.B. 
1 9 7 8  Dec. 26, 
2/7 
081P 
Coolins H a t h a n d  

4, ,120,351 H i t c h e . 1 1 ,  I?. C. ETAL 
1978 Nov .. 7 ,  
Ib5/  1 
082F 
Thermal' E n e r q y  Storaqe u n i t  

3,60U,!in4 Kessler, S, W, Jr. ; and Hess, J. L. 
1971 S e p t .  1U, 
165 /105  
083A 
F l e x i b l e  Heat Pipe 

3,665,57.3 Werner, R, W.; A l e x a n d e r ,  Em Em ; a n d  Comstock,  I.J. 
1972 Yay  30, 
29/157.3 
083A 
g e t h o d  O f  F a b r i c a t i n a  A Heat  P i p e  



3 , 8 9 2 , 2 7 3  N e l s o n ,  R.2. 
1975 J u l y  1, 
l h 5 / 1 0 5  
I l R 3 A  
Heat P i p e  L o b a r  ~ i c k i n q  Arrangment 

3 , 5 9 8 , 1 8 0  Moore, R.D. J r .  
1971 Buq. 1 0 ,  
1 6 5 / 1 3 3 .  
983C 
Heat. T r a n s f e r  S u r f a c e  S t r u c t u r e  

2,517,651r Gauqler, R .  S.. 
1950 b u q .  8., 
261/99  
083F 
Refciseratinq Apparatus  

3 , 1 5 2 , 7 7 4  Y y a t t ,  T .  
1944 0c.t. 13, 
244/1 
083P 
S a t e l l i t e  Temperature Stahi1izat:ion Syst.'em 

3 , 2 2 9 , 7 5 9  Grover ,  G.M, 
1066 J a n .  19, 
165 /105  
38  3 B  
Evaporat  ion-Condensa t i  on Heat Transfer D e v i c e  

3 , 8 4 0 , 0 6 9  F i s c h e r ,  W .  ; and Gammel, G. 
1974 O c t .  9 ,  
165/ 105  
004A 
Heat P i p e  ? i t b  A S i n t e r e d  C a p i l 1 a . r ~  S t r u c t u r e  

Q , 3 5 3 , 4 1 5  K l a s c f ~ k a ,  17. 'I. : a n d  n a v i e s ,  !I. J .  
1982 O c t . .  12 ,  U n i t e ?  Kinqdom Atomic Enerqy A u t h o r i t y  
165/  10 4. 21 
0944 
Heat P ~ D  es a n d  Thermal  S i ~ h o n s  

3 , 7 6 7 , 4 6 8  Newson, I . H . ; . a n d  Foi lgson,  T . d .  
1973 O c t .  2, 
165. /177 
.i)84B . 
Heat  T r a n s f e r  Members 

2 , 9 7 0 , 6 6 9  Rerqson ,  G. 
1Q61 Peh. 7 ,  
183/2 
285A 
C o n 3 e ~ n s i n s  Filter 



3,837,396 Newton, A.B. 
1974 S e p t ,  24, 
165 f111  
085A 
Vert ical  Surf ace Vapor C o n d e n s e r s  

3 ,846,259 S e p b t o n ,  H . H .  
197U Hov. 5, 
20311 1 
085A . 

I n t e r f a c e  Enhancement  Appl ied  To E v a p o r a t i o n  O f  L i q u i d s  

3,903,962 Newton, A.B. 
1975 Sept. 9, 
165/1'1 0 
O A 5 A  
Condensate Guidinq  Apparatus For V e r t i c a l  conrlc~sinq ~ u b e s  etc. 

3 , 9 8 9 , i 0 ~  Newton, A.B. 
1976 Nov. 2 ,  
165 f111  
0854 
Condenser Inserts 

3,762,468 Neuson, I . R . ;  and Nodgson, T.D.. 
1973 O c t .  2, 
165/177 
085B 
Heat Transfer Members 

3,508,608 Roe,  R.C. 
1970 A p r i l  28, 
.165/179 
085C 
C ~ g b e n s e r  Tubes 

3,613,779 Brown, C.E. 
1971 O e t ,  19, 
165/133 
085G 
Apparatus F o r  db t a i n i a q  ~ f g h  Heat. TL atiafer Tn P a l l i n q  Water Pi1 m 

4,305,460 Yampolsk y, J. S .  
1981 Dee. 15, Gcuurab Atomic Company 
165/ 179 
ORSC 
Heat Transfer Tube 

4 ,237,970 l l e h a r a ,  H,; a n d  ~ i y o s h i ,  H. 
1903;Dec. 9 ,  B a r u o  Uehara  ; D e n k i  Kabushik. i  Kaisha 
165/110 , .  
085D 
P l a t e  Type  c o n d e n s e r s  



4,314,605~~ Sumitomo, A , ;  Doi, H.;  Kobayashi ,  K,; ~ u k a m i ,  K.; a n d  
R a w a n i s h i ,  K. 
1982 Feb. 9, H i s a k a  R o r k s ,  C t d .  
165 /110  
085D 
C o n d e n s e r  

3,152,774 ~ ~ a ~ ~ ,  T. 
1964 O c t .  13, 
2 4 4 ~ 1  
08SP 
~ a e e b l i t e  T e m p e r a t u r e  S t a b i l i z a t i o n  System 

3,229,759 G r o v e r ,  GOPI,  
1966 J a n .  IS, 
165/105 
085?  
~ v a g o r a t  ion-Condemsa ti on Heat T r a n s f e r  D e v i c e  

4,309,709 Honda,  I ;  Takasu, S; and  On.uki, Ye. 
1978 Auq. 29 
165/105 
085P  

*: H e a t  P i p e s ,  P r o c e s s  a n d  A p p a r a t u s  f ~ r  M a n u f a c t u r i n g  Same 

Q',223,539 Webb, R.L.; and Youqin ,  L.J. 
1980 Sep ,  23, The T r a n e  Company 
621476  
886C 
A p p a r a t u s  for A b s o r b i n q  a Vapor i n  a L i q u i d  a n d  A b s o r p t i o n  
~ e f r i g e r a t i o n  System I n c o r p o r a t i n g  Same 

.3,534,555 Webb, J.E. 
1970 O c t . .  20, 
60/2 1 7  
0928  
L a m i n a r  P l o v  Enhancement  

3,621,905 FleBsP.rsm, 6 .  
9971 Nov, 23, 
165/1 
094A 
HethoA O f  I m p r o v i n q  T h e  H.T. I n  A T u b e  O f  An E v a p o r r a t o r  e t c ,  

3 ,452 ,947  N a r b u t ,  P.; a n d  Moore, C. L. 
1969 J u n e  24, 
174/16 
19 I F  . . 

Noarcondensab le  Gas - C o n d e n s a b l e  Vapor Cooled E1ectr.i. T r a n s f o r m a r  

1 ,916 ,337  ~ c h m f d t ,  W. A. 
1933 J u l y  4 ,  

... 

10 2A 
Heat I n t e r c h a n q i n g  ApparatuE 



3 , 8 7 8 , 8 8 5  D e r o n z i e r ,  J.C. ETAL' - 
1975 B p r i l  22,  
165/1 . . 

. . .  
1 0 5 ~ '  , . . . : :' .. 

l e t h o d  F o r  Causinq Condensation, In Drops On H - I T h b e s  
' ' 

3 , 8 7 8 , 8 8 5  D e r o n z i e r ,  J.C. ETAL 
1975 A p r i l  2 2 ,  
165/1 
10 50 
Hethod For Caus.inq condensation .In Drops On Beat Exchanger Tubes. 

3;547,185 X i s s e n h e r g ,  b.fl,- 
1979 Dec. 15, 
l i i5/1 
11) 513 . .. 
~ e t ' h  04 ? ' o r  P r o n s t i n q  n.t'npwise Cl~l ldrc?b~&tipfi  on ' copper etc. 

1 ,838 ,043  S h e r v o o d ,  T. K. 
1931 'Dec. 2 2 ,  
112F 
Apparatus And Hethod For Beat Exchangers 

2 , 4 3 9 , 7 7 5  Kennedy,  U. W. 
1949 l p r j , , S  13,  
257/259 
112 
Beat Exchanqer 

7,7117,059 Lainq ,  N. 
1967 Oct. 17, 
62/325 
112 
Heat Pump 

3 , 5 0 2 , 1 3 7  P a w l o w s k i ,  J. 
1979 March 24 ,  
165/1 
1 1 2 .  
Method O f  I n t - e n s i f y i n q  H.T. In Worms Eiavinq A S i n g l e  S p i u d l e  

3,844,341 Bimshas ,  J. Jr.: and Hickey, E.S. 
1974 Oct. 29, 
1 6 5 / 8 6  
112 
Rotatable F i n n e d  Heat exchanqer Device 

3 ,955 ,617  Walsh, J.C. 
1976 M a y  1 1 ,  
165/94 
112 
S w e ~ t  Surface Beat Rxchanqer With Dual Heat Exchange f ledia 



3 , 9 7 3 , 6 2 3  S a r l l ,  P.G. 
' .  

1976 Auq. 19, 
165 /94  
1 1 2  
Aeat .  ~ x c h a n g e  A p p a r a t u s  - 

4 ,072 ,182  Chenq, D . Y .  
197R Feh. 7, 
165 /1  
112  
P r e s s u r e  S t a g e d  Heat  E x c h a n q e r  

4 , 0 9 4 , 1 6 5  S i s k ,  F . J .  
1978,  June 13, . -%. .. 
6 2 / 1 1 5  ? - -- 

1 1 2  - 
. L o s s .  Heat  S u p p r e s s . i o n  , A p p a r a t n ' s  And ne th .od  F o r  Reat P u ~ p  

4,094 ,170  K n n t o r ,  F . V .  
1978 J u n e  13, 
62 /499  
1 1 2  
R o t 3 r y  T h e r m o d y n a m i c .  ~ p p a r a t u s  

-4 ,121 ,654  S t o c k m a n ,  R.F. 
1978  Oct. 24, 
165 /6  
1 1 2  
D r y  C o o l i n q  T o v e r  

. .$,126,177 S m i t h ,  R.L.; a n d  Yann, C.C. 
1979  Nov. 21, 
165 /91  
112  
P u a l  S c r a p e d  S u r f a c e  Heat E x c h a n g e r  

4 , 1 3 3 , 3 7 5  Ducasse, J.C.V. ; a n d  B o u v e t ,  J. 
1 9 7 9  J a n .  9, 
1 6 5 / 9 2  
112  '\. 
V e r t i c a l  H e a t  Exchanqer 

3,tb10,533 P e n n e y ,  W.R. 
1 9 6 8  Nov.  1 2 ,  
259 /9  
112A 
Hixinu E q u i p m e n t  

4 , 3 6 9 , 8 3 5  Coudy, P.R., Jr. 
! a 5 3  Jan.  25, B.J. C a n d i s ,  K . J .  Land'is, P.R. Goudy,  Jr. 
165 /154  
11,2A 
Therma 1 Encirqy ~'.rans.fe r A p p a r a t u s  a n d  Hethod 



3 ,156 ,455  B o n l e t ,  C. 
1964 Nor.  10, B o l o - P l i t e  inti. Inc. 

.. 26 3/ 2 1  
. .. 11273 

- .  :. H e t h o d s  o.f E f f e c t i n q  neat .  E x c h a n g e  a n d  H e a t  T r a n s f e r  , D e v i c e s   heref for 
-. 

3 ,52? ,661  T o u s c h ,  T. 
1970  S e p t .  2 2 ,  
165/87 
112D 

- R o t a r y  Mat e r i a l  P r o c e s s o r  with Hol low H a t e r i a l  ~ o n t  a c t i n q  Elements 
- 

3,7-24,0'94. R p p e l ,  D.n.; a n d  Bonq, S.H. 
- . 9973 Apr. 3,  K i m b e r l y - C l a r k  Corp. 

34 /124  
112R 
R o t a r y  D r y i n q  Drum 

4,1R&,5U;7 Hyreen .  B. 
1980 J a n .  22, ~ ~ - S h i p p f n ~ . ~  LLd. 
1G5/32 
112R 
Rotary B e a t  E x c h a n g e r  

, 2,731,241 C h r i s t i a n ,  J. I?. 
1956 J a n  17, 
257/79 
112C 
Beat E xc ha nqc Ds vice 

2 ,733 ,898  C h r i s t i a n ,  J. D. 
1956 F e h .  7,  
257/101 
112C 
t io l low S c r e w  C o n v e y o r  . P l i q h t  

2 ,753,159 C h r i s t i a n ,  J. D. 
1956  J u l y  3,  H o l o - F l - i t e  Inc. 
233/79 
1'1 2e 
Beat T r a n s f e r  Device 

2 ,910 ,807  C h r i s t i a n ,  J, D. 
1959 Dec. 15, 
29/15b. H 
112C 
Reat, E x c h a n q e  Equ ipment  

2,3 17,264 C h r i s t i a n ,  J. D. 
1959 Dec, 15 ,  
257/ 11 2  
112C . 
Heat. E x c h a n q e  A p p a r a t u s  



3 , 6 8 7 ,  Q34 D y s k i n ,  . ETAL 
1972 Auq. 29,  
2 6 6 / 2 4  
113A 
Hol low Tyre O f  R o t a r y  F u r n a c e s  E. Method O f  ~ q u a l i z i n q  T y r e  Temp. 

3 , 9 1 4 , 1 7 2  Shore, D,T. 
1974 June 4, 
165/12  
122D 
flea t E xc h a  n q e  rs  

2 ,510 ,797  R o b i n s o n ,  R .  S. 
1953 J u l y  11, 
257 /?3  
'1 328  
Heat Exchanqer 

2 ,664 ,274  Worn, G. A . ;  a n d  S u b i n ,  I?. L. 
1953, Dec. 2 9 ,  
257/?3 
132A 

. , Yethod An3 A p p a r a t u s  E m p l o y i n q  ~ o n ' i c  Waves I n  Heat E x c h a n g e  

.3,36€!,6 li? K a r t l u k e ,  H. ; a n d  Royd, C . A .  
1965 Feh. 1 3 ,  
1 5 S / l  
133P  

, , . Sape.rh ,eat i .nq P r c ? v e n t i o . n  And B o i l i n q  C o n . t r o l  

~ 3 , 2 2 4 , 4 8 5  R l o m q r ~ n ,  (3.C. Sr. FTAL 
1 9 6 5  Dsc, 21, 
15R/1 
141A 
Heat Z o n t r o l  D e v i c e  And n e t h o d  

1 , 9 8 0 , 8 2 1  P a l a e f f ,  K.  K. 
1934 Nov. 13, 
'17 51 26 5 
141F 
F c a n s  :For C o o l i n q  P l e c t r i c a l  A p p a r a t u s  

2,63 4,936 Kaehni ,  W.1,. : a n d  K a e h n i ,  F. J. 
1952  J u l v  29 ,  
1 5 8 / 1 1 3  
141F 
? l e thod  And A p p a r a t u s  For C o n t r o l l i n q  t -he  G e n e ~ a t ~ i o n  Qf  Heat. 

3 , 1 3 7 , 1 8 4  flegers, P.G. 
1964  J u n e  1 6 ,  
77 /55  
141F  
T o o l  C o o l i n q  A p p a r a t u s  



/. 

3 ,224 ,497  Rlomgren , O.C. . Sr. ETAL 
1965  Dec. 21, 
16512 

b 

141F 
blethod And A p p a r a t u s  F o r  t o w e r . i n q  The T e m p e r a t u r e  O f  A ~ e a t e d  
Body 

3,670,606 B l o m q r e n ,  O.C. S r . ;  a.nd Blomqren,  O.C. Jr. - 
. - 1972 J u n e  20, 

82/1 C 
141F 
Method G Appa.ratus For C o o l i n g  w o r k p i e c e  And/or The C u t t i n g  etc. 

3 ,735 ,175  B l o m q r e n ,  O.C. '.Tr. 
1973 Hay 2 2 ,  
3 1'3/ 60 
141P 
Plethod F o r  Removinq Heat  F.rom 8i t .b . in  A Vacuu'm And From etc. 

2 ,605,377 K d e h n i ,  B.L.,; a n d  K a e h n i ,  P. J. 
1952 J u l y  2 9 ,  
2 19/ 19 
142A 
Heat Txchanqe f lethod And Apparatus 

3 ,370 ,644  D a i l y ,  W.B.; and  S p e c a ,  E.J.  
1968 P e b .  27,  
165/ 1 
142A 
Clethod O f  1 n c r e a s i . n q  T h e  Rate O f  IIea t. Trans fer  

1,8.35,557 Burke , .  S.P. 
1931 Dec. 8, 
142F 
Beat T r a n s f e r  

2,935,305 B e u r t h e r e t ,  C.A. E. 
1963 May 3, 
257/2'30 
142F 
Electric D i s c h a r q e  Device C o o l i n q  Sys tem 

3,3 56 ,587  5 t e i q e r v a l i i ' ,  K .  A. 
1962 Oct. 2 ,  
2 5 7 i  I 
142F 

Met..hods 0.f E f f e c t i n q  A High Rate O f  H.T. From A H e a t e d  S u r f .  etc.  

3,22U,497 Blornqren,  O.C. S r .  XTAL 
1965 Dec. 21, 
165/2 
142P 
Method And A p p a r a t u s  F o r  Lowerinq The T e m p e r a t u r e  O f  A Heated Body 



3,448 ,791  C l a r k ,  J. 
1969 J u n e  10, 
165 /1  
142F  
P le thods  And A p p a r a t u s e s  F o r  E n e r q y  T r a n s f e r  

3 , 5 2 6 , 2 6 8  R o b i n s o n ,  H. 
, 1 9 7 0  S e p t .  1,  

165/  1  
142F 
C a r ~ n a  Discha'rqe Heat T r a n s f e r  

3 ,747 ,284  L Y C Z ~ O ,  P e J e  
1 9 7 3  J u l y  24 ,  
5 1 / 2 6 7  
142P 
C o o l  i n q  A p p a r a t u s  

3 , 8 7 2 , 9 1 7  Rli>mqren, 0.C. S r .  ; a n d  B' lomqren,  O.C. Jr. 
1 9 7 5  March 25, 
1 6 5 / 1  
142F 
C o o l i n g  A y p a r a t u s  And M e t h o d  For H e a t  E x c h a n g e r s  

2,962,265 Van L u i k ,  Jr., 'F.W. 
1960 Nov. 29, 
257143 
1 4 5 B  
V a p o r - L i q u i d  P h a s e  C o n v e r s i o n  

2 , ?62 ,265  VanLu ik ,  P.M. J r .  
1960 Nov. 29 ,  
2 5 7 1  4 3 
145C 
V a p 2 r - L i q u i d  Phase C o n v e r s i o n  

2,790,3 19 r; r e e n ,  F. B. 
1 9 5 7  A p r i l  30, 
6 2 / 1 3 6  
152  
Axia 1 F l o v  Vortex Tobe' f l e c h a n i s m  

3 , 3 1 6 , 9 8 4  P r o p e r z i ,  I. 
1 9 7 5 N o v . 4 ,  
1 6 4 / 2 7 8  
152 
C o o . l i n q  Device F o r  C o n t i n u o u s  C a s t i n q  Machine 

, 4 , 3 4 7 , 8 9 7  ~ u m i k o m o ,  H.; a n d  f l e h a r a ,  tl. 

1 9 8 2 ,  Sep .  7, A i s a k a  Works ,  Ltd. 
1 6 5 / 1 6 7  
1520 
P l a t e  T y p e  H e a t  Fxchanqer  



1 ,72R86C?S Beckman, J .  A.  
1929  A p r i l  9 ,  
153F 
Cooler 

3 , 2 6 1 , 4 9 5  Allen, R.F. 
?s6b Jnr1 y 19, General Electric Company 
1 7 4 / 1 5  
153F 
S t . a t  io 'na r y  I'nd uc t i o n  a ~ p a r a t . u s  C o o l i n q  System 

4,349,!?553 Coury, G. E. 
1982 S e p .  1 4 ,  
16.5/ 1  
1 s4FI 
?7c?t.!tuil F'IJL f u l p ~ u v e : I  k d ! .  PJ. flu.S.rtl'.~ 

3,675,71? R i s t o u ,  R.E. 
1973 J u l y  11 ,  
165/ 1 
155R 
q i u h  P f . f i c i e r i c y  Vapor: Condenser..a'nd. Method 

2,890,72? L o e b e l ,  P . P . . ;  a.nd Evinq, 8 .  
1P59 J u n e  1 5 ,  
1 3 8 / 3 8  
162A 
Heat F r c h a . c q s r  Tu.he 

4 , 3 5 1 , 4 9 0  ' i o s h i n o ,  n.; a n d  c jqur . i ,  A .  
1 9 7 7  O c t .  4 ,  
?fit?./ 1 5 6  
162F 
Static Reat And M o i s t u r e  E x c h a n g e r  

2 ,10  9 ,927  m : ~ u r r s e i i ~ l ,  A.J. 
' 1939 Dec.  5, 

2 9 / !  57. 3 
165A 
neat T x c h a n q e r  E.nd Get hod O f  Makinq Same 

3,797,559 P a u l ,  R. S. ; a n d  Weiler, D. 3 .  
1979 Ynroh 19, 
165,/1 
1653 
Fot.3 ry f l ea+  ~ x c t j ' a n g ~ r  .And. A p p a r a t u s  

4,007,774 withers, d r . ,  ' 7 .G .  
l a 7 7  F e h .  1 5 ,  f l O P  T n c .  
165/1 
C22A 
[!eat. Exc h a n q e  A p p a r a t u s  and  Method o f  C o n t t o l l i n q  Bou. l . inq T h e r e i n  




