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This report was prepared as an account of Oovenunent Bponaored work Neither the United 
SUtea, nor the ComialBalon, nor an; person acUng on behall of the Commlaslon 

A. Makes any warranty or repreaentaUon, expressed or implied, w]th reapect U> the accu­
racy, completenesa, or usefulness ot the Information conUlned In this report, or that the use 
of any Information, apparatus, method, or process disclosed In this report may not Infringe 
privately owned rights, or 

B. Assumes any UablUUes with respect to the use of, or for damages resulting from the 
use of any Information, apparatus, method, or process disclosed in thla report. 

As used in the above, "person acting on behalf of the Commission" Includes any em­
ployee or contractor of the Commiaalon, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee of such contractor prepares, 
disseminates, or provides access to, any Information pursoant to Us employment or contract 
with the CommlssloD, or his employment with such contractor. 

A general t2*Qnsi©nt heat transfer analysis has beon performed on a 

ocdissa plugging indicatop sys'&om ecmia-ising a counterflows concentrie-pipe econo-

aiserg heat oschangerj flowmetorj, pltig, and connecting pipe, Ths entire system 

Is assianed to be at some initial tempsratiire equal to the inlet sodiian tempera-

ttare and sisddenly loses heat to some it'edixsa in th© heat exchanger,, Miile sodltsn 

at a constant tomparattsre ontors the plugging indicator system from the main 

aoditim line of tha SRE loops heat ic removed by the heat exchanger reducing the 

heat stared in the sodiiim and eompcnents and loTsTsring the teiaperatyre at the plug, 

Tiie rate at xAich the minimnm temperatm'0 at the plug decreasGS is of primary 

intsî est for two reasons: (l) It is desirable to s-eduse the sodium temperature 

to the pLuggliig temperature in a reasonable short tims, (2) Ones the plugging 

tempc-rature rango is approachedj the rate of change should be sisall to nake it 

possible to detect the pluggisag tomperature acctsratelye 

The particular requirements of the plugging indicatar* ̂ stera have beea 

suggested in an lOL fi-csi D. L. Condotta to D, T, Eggen on Ilarch 7^ 1955. On the 

basis of these suggestions the systsoi is designed to ba capable of cooling 1 gjM 

of sodium frcsn 750° F to any plugging temperature. The design has a wide range 

of control of the time rate of clJange of sodiica temperature; in the range fT<m 

50CU300° F a rate of 5° F/nin or less is obtainable. At the plugging tenperatiire 

cooling Eiay hz iatorrupted to produce an istsuediate rsirersal of temperature Changs at ll-o 

plug. To meet these requireEents, gas (specifically nitrogen in the galleries) 

ijith forced convection has been selected as the heat exchange sediusie 

RESULTS 

A design for a plugging indicator system is that based upon eonclusiojas 

reached by the general analysis given in the Appendix, The design and ojirarating 

data is presented in Table lo A schematic sketch of the design is shoxm in Pig„ Ij 

by 
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and a detail dravring of a cross section of tha heat ©xchangas? is given in Fige 2» 

A typical cooling rate curve for th.o system where the nitrogen flow rat© is de-

creased fran. 365 cfai to 70 cfn tfdae't the lainiiaum (or plu^) temperature reaches 

4-00° F is shown 3.n Fig^ 3, A blairvjr capaGiî r of 500 cfm io specified enabliijg c. 

mors rapid initial cooling râ'i® than is shox̂ m in th® figtsr®. The outside of tlic 

duet cr.vering the heat exchangerg as :;oll as the other oGaponants in the systeas 

shf^'i be insulated so that there irlll be a minsxima of cooling and terapsrature drop 

during unplugging and clcaningo 

The design consists of a U-type eeoncsnizer having concentric pipes. 

Its shell is a 1-1/4, inch standard 30,4 stainless steel pipe. The inner tub© is 

also 304- stainless steel and has a 1 inch outside diamst^ with a 35 ail wall 

thickness. The econcsmizer rmj be designed similarly with the SRE cold trap ecoao-

misers. The heat exchanger consists of a 1:®nk of 6 parallel longitudinal finned 

tubes of 3 A î êh standard pipe each 2 feet long, enclosed in a suitable duct that 

may be a pentagon in cross section as shown in Fig, 2. Th© fins are placed longi­

tudinally to acccgnaodate a "Calrod" typo heater for thawing frosen sodi-tm, for prO" 

heatingj or for producing a rapid reversal of tetaperattsre change at the plug durin:̂ ' 

incipient plugging. The fins are stainless steel and are xjelded to the pipe to in­

sure that melting of fin material or bond between fin and pipe will not occur at 

the liighest ter.peratures of operation. There are 14- fins per tubej spaced 24-° 

apartj each l/l6 inch thick and 1/2 inch long. An equivalent standard finned tube 

may be substituted! however^ the tharjsal capacity of the system immt remain at 15 

Btu/° F to preserve the same transient behavior, A variable speed drive for supplŷ -

ing from 0 to 500 cfm over the ducted finned tutes is required. The prossurehead 

required of the fan is not specifiodj since the relative position of the fan and 

heat exchanger is not yet known, Th© fan and motor might be placed outside of th© 

gallery using air cooling 5.f placing thsa in the gallery is objeetionablee 

D3gign__^ta 

Economser 

Type - sodiui&-to-aodium, eounterH-ow, concentric pipe 

Shell - 1-1/4. inch standard 304. stainless steel pip® 

Inn®' tube - 1 inch ODj 0,035 inch wallj 304. stainless steel 

Length - 6 feet plus 180° standard vfeight, long radius return 
2 

Annular flow area 0,711 in 

•̂ 8 002 
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Eeojioniisar (Continroed) 
Inside flow area , 0,680 i n ' 
Annu3.ar soditM velocity 0,4-51 ft/sGC 

Inside sodium velocity 0,4-72 ft/sec 
Overall heat transfer coefficient 960 Btu/hjt'-ffe'''' -
ThesiTial eapaoitanco, inc. fjodiua ^--'3.43 Btu/*^F 

u^„4. T—-;.,—.—,';. i .«Jl< juAWxiaiigoi. " 

Type .- codiuLi-to-ni-l^'ogen, longitudinal fiiinsd tubs, counterflow 

fesibor of parallel tuboG - 6 

Tube - 3/4̂  itich gtpndarri p^P^s 304 st^in3.es3 steel 

Fins - 1/16 inch tliickj l /2 inch longj 304. stainless steel welded 

Length - 2 feet of finned sijrface 

Number of fins - 14- per tube 
Fin spacing - 24-° 

2 
Inside heat "teangfer ai'ea, 2«59 ft 

Ratio of outside area to inside area « 8o31 
2 

Nitrogen floi^ area , 21o8 in 
Nitrogen heat transfer cosff. at ̂ 0 ft/seo , , 10o2 Btu/hr~ft'"-* I 

Fin effectiveness 82„3^ 

Overall heat transfer cosff. based on Inside area , , . , . 69e5 Btiv'hr-'ft '~̂ ~i' 

Heaths - 6 - G.E. "Calroda'S Cat, No, 4A629s orrarating 3 in 

series across 230 v,^ 111 w each. 

Blower capacity, , » . . . . . . . . 0-500 cfm 

Operating Data 

Const-ants 

Sodium flow ra-ta . . « 1 gpa^ 450 Ib/nr 

Inlet sodium t^aperatur© , 750° F 

Nitrogen pressure. <^1 ata^ 

Nitrogen temperature . . , . . . . , , , . 150° F 

Steady Stat© 

riiniiijuiji aoditaa temperat'or©'"" , 250° F 

Econosdser paramatery U^A^/we, (Hatio of teap. drop 

to tesgj, approach) . , , . , , 1 0 

Temperature approach in eeonomisar , , . . , f^lS^ F 

*An equivalent finned tub© heat exchanger may be substituted, 
'••̂ Othsr stsa^ state minimum temperatures can be obtained by varying? eooHnp,, 

.B8 003 
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Nitrogen velocity thru heat exchanger , , , 7o8 ft/sec 

Nltiogen flovr , , , '70 cfm 

Heat exchanger parameter^ lUAo/we, (ratio of temp, 

drop to mean temp, diff,) . . . . . . . . . . . . . . . . 0«.37 

Heat loss to xiitrogen , 1,9 Klf 

Transient State (typical Case, see Fig, 3) 

A. Plug temp, rang© 750 -.• ̂ 0̂0° F 

Initial system temperature. 750° F 

Nitrogen velocil^ thru heat exchanger 4-0 ft/sec 

Nitrogen flow ^ 365 cfa 

Heat exchanger parameter, UpA^/wc . . . . . . , . , , , 1 , 1 

Initial rate of temp, change at plug, -31<,7°F/min 

Rate of temp, change at plug at 4̂ (X)° F ^ -12,5°F/ain 

Time required to drop temp, to 500° F 16 miii„ 

B, ELug temp. 4' 4-00° F 

Nitrogen velocity thru heat exchanger .7,S ft/sec 

Nitrogen flosf 70 cfa 

Heat exchanger parameter, UgAg/tro , 0«37 

Hate of temp, change at plug at 4̂ 00° F 6,4 °F/min 

.Hate of temp, change at plug at 300° F 2,1 °F/ain 

•>:8 004 



P—PAIHD BY. /-^d,. S 

CHKCKKO avi 

NORTH AMERICAN AVIATION. INC. 
INTIRNATIONAL AIMORT L0( ANSILI* 45, CALirORNIA 

KAA-®-?teiao»1328 
r*o« NO. 5 Of 

Rn.oirr NO. 
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APPENDIX 

Theojgy 

The Esystem i s cceaposed of t h e eaapoaents i n th© seiiematic ske tch beloi/a 

6 
ECONOlflZSR 

FLCM4ETER 

PLUG 00 

- « a ^ 

- r & 3 » 

HEAT EXCHANGER 

Ta 

Considering an eri'^gj balance of th© entire ^rstem, the heat added between 1 and 6 

is 

w e (1^ - T^) BtiVbr. 

The heat added between 3 and 4. is 

T -s- T 
^ ¥ 2 ^^a ~ " g - ^ ) Btu/hr. 

The heat stored in the systom is 

B 

Z . m. e- T, Btii/te. 
• M J L •£• J^. 

1=1 

d 
d« 

Provided the eeoncsnizer, plugj flowmeter, and connecting piping is well insulated^ 

the algebraie ami of the heats added as given above is equal to the ireat stcsredg 

or 

wc (T^»T^) .- UgAg T^ -)a.i.»4. j ss 
n 

2 y 
1=1 

o a » o (1) 

Sb 008 
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where w = flow rate of medium, Ib/hr 

c = specific heat of sodimi, Btt!/lb-'°F 

T.̂  = inlet temp, to economiser, °F 

T,- ~- outlet tcmpa .•"rcn oconomiserj °? 

2 — 
U« = overal l heat t ransfer coeff, of heat osehanger, Btn/lir~ft -"^i' 

< ^ 

Ap = heat trarififor t-Tza of heat cstchangsr, -ft''' 

T^ = temp, of mediun cooling heat exchanger 3 °F 

T„ = i i i le t 30(iium temp, t o heat exehanger^ °F 

T. = ou t le t sodium tenp, f^om heat exchanger, °F 

Q = timaf hotsre 

S J = mass of sodium cr metal in it-h ccmpor.ontj l b 

Cj = specif ic heat of sodium or saetal in i t h component, 3tu/lb=»°F 

T> = temperature of sodium or metal in i t h ecsiponsnt^ °F 

Tlie storage term on the r i g h t in Eq, ( l ) may be sinp].5fied by tjri t ing 

Z i dT 
^5 -̂5 ^ S " = ^ l - iSE . . . o (2) 

1=1 ^ -̂ ^^ as 

cjhere C i s the t o t a l thermal capaci'bance of the en t i re systam and T i s a t-roightcd 

average temperature defined by 

Vi^i 

• 'si 

I f an ari thmetic average tanp-oraturay --̂ -̂ -̂̂  ^ i s -used fcr the pi-rposo of f'urther 

3i}!ipllfication, a corrGsporadiiig hypothetical thsTiisal eapacI"C.anoo defined by the 

.CollfX-dng Gjrjs'o.3sion must be inteodaccd. 
T .J. 

/ TIN—iiMJlSTe^^ — * ii 

C = Tĵ vT G . , , o (3) 

2 

• i calculation rovxsals that the ratio of C /C is less than itnity and about 0„8„ 

Substituting Eq. (3) into (2) and the result into Eq„ (l) and noting that ^i-"?^ = 

•'2 S'̂  

'•S 009 
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L ''f~L 

Jot;« T̂  = T.2 := T. - F ('T.. - T,) and Iv -̂  T. 

= G ' d̂  / V^4. 
d@ 

o V.4./ 

whsra F i s th© f r a c t i o n of the t o t a l t cEpe ra tu re cS'op i n the Gjfstosi t h a t o c e r r s isi 

t h e hea t exchangei'j t h a t I s ^ 

T. - T. 

'̂1 "4-

E l imina t ing T^, T^, and Tg from Eq, (4.) l:gr s u b s t i t u t i n g tho eisj^esaions above g ivas j 

T - T, - •?? ( T , - T , ) 
a "̂ 4- 2 ^ 1 4 ' 2Me dQ . 0 \J I 

Sine® 

HC (T^ - T„) =̂  U^il^ (T^ - T^) 

F 1 

Û .̂  
L e t t i n g " ^ ° * ~ ^ s Eq, (5) CSCOEKJE 

de p'' rwj •*• 
1 \ \ ^ W % i ^ 

K̂ -̂ 1 2 ^^^1 / ^ " c^ 
| i U 

dT 

or 
•4 . 

d; r * ih. =" 

a Iv, -̂ -l 1 
1 ^2^ 
2 ^ \ 

ti a o Q (6) 

V 

Th© solution of Eb, (6) for tha 3.nitial condition* 

^4 ̂  "1 '̂ ®̂̂  Q = O5 

xs 
T, K 
4. 

M 
'' 1 l i ^ ' 

- f (9 
c» » e> o (7) 

• H UiO 
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The steady state value of T, is 

4 „ Jf. i2 a K.-I-1 ^ 1 2 K-+1 ^1 .,>. 

TT -!. ««.<«>. i« lis,,.,,,, 

^̂ 2 * l̂-'.l "• 2 l3_*3_ 

Eq, (7) is plotted in Fig, 5 fc^ various values of the hypothetical theraal capa^ 

citance, C , an economiser parameters ,J^ ~ 10, and an equilibrium teaperature 
wc Uj A. 

of 250° F, The value of the heat exchanger parameter, "nT" s '̂ hat gives the 

equilibriism taaperatiire of 250° F is obtained ly solving for I^ in Sq, (8): 

. . . . (9) 

3q, (9) is plotted in Fig, 6 for an 9q-ailib?iuEi temperatm'e, -r; = 250° F, 

Eiq, (7) is also reparesented in Fig, 5 shoaling the effect of varying the 

economiser paraineter, J O i 9 on the change in plt̂ - temperature, T^, mth time5 
wo 

holding the equilibrium temperature constant at 250° F, 

COnCLUSIOKS, 

•Several conclusions laay be drawn frcsa the general analysis o For a fiaced 

systcn to cool fecsa 750° F at the plug to the plugging temperature (presumably in 

the range SOO-SOO*̂  F) in a reasonable length of time either the thermal capacitance 

(mass X spacifie heat) of the system Eaist be exorsrasly small or the tenperature 

drop that occurs in the heat exchanger at eqidlitelum nust be a large fraction of 

th© total drop. These facts are seen clearly in Figs, 4- and 5, respectively, 

FiH-ther, t£a©n the tims required to cool doxm to the plugging tempera­

ture range is reasonably ssaallj the rate at î iich the tent̂ rattrfe is changii^ is 

too large to get an accurate reading of the plt'sgging temperature. Apparently som® 

nethod is required to decrease the I'ate of cooling once the plugging temperature 

-b Oil 
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rang® is approadied, Th© best lasthod of control is to vary the heat exchange' 

parameter, "^2^"^^* ^ trf-d© rang© of control can b© obtained in this parameter 

if a gas is used as the coolant because it would be the controlling resistance 

Slaking up the overall heat transfer eceffieient, U-, Tliis Is done vex'y effective­

ly "b^f changing the gas velocityo 

Figui's 5 indicates that a large value of the econcsiiser parameter, 

IL A,/wc5 is requilrsd to obtain a lox-; cooling rata in tha plugging range. The 

corresponding value of the heat aselianger parameter indicated must be increased 

"b^ three or four times to obtain a reasonably rapid initial cooling rate» 

Distributions SRE 
Condotta, D, L« 
Cygan^ 15, 
I^illingp C, A. 
Sletten, H, Lg, 

'H8 012 
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