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E. H. \:orr1n, H. W. Iversen, and W. E. Nason 

SU1V1MfRY 

Laboratory tests have been conducted to determine the 
thermal output and the pressure drop characteristics of the 
Airesearch and Solar fluted-type exhaust gas-air heat exchangers. 
The apparatus employed in these tests consists of a natural 
gas furnace of 3,000,000 Btu per hour thermal capacity, a 
centrifugal blower for delivering combustion air to the 
furnace and ventilating air to the heat exchanger under test, 
together with a system of ducting and various measuring de-
'ices. With this test stand, exhaust gas and ventilating 
air can be circulated through the heat exchanger under test 
at flow rates of 8500 and 6500 pounds per hour, respectively, 
at an exhaust gas temperature of 16000 F. 

It was found that at exhaust gas and ventilating air 
flow rates of 7000 and 5000 pounds per hour, respectively, the 
thermal output of the Airesearch heat exchanger was about.. 
320,000 Btu per hour while that of the Solar unit was about 
170,000 Btu per hour. This difference in output is accounted 
for largely in the much greater area of heat transfer surfaces 
in the Airesearch heat exchanger. In the analysis of the test 
data the measured thermal outputs and pressure drops of the 
two heat exchangers are compared with predicted values.
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INTRODUCTION 

From the results of previous experimental tests (reference 1) 
on double tube heat exchangers, using both an internal combustion 
engine and a na

t
ural gas burner for the generation of hot exhaust 

gas, it was apparent that the thermal and pressure-drop data 
were nearly independent of these two means of exhaust gas genera-
tion. The latter method was therefore used in the test stand 
described in this report since it offered fewer operational 
difficulties. The previous tests were made on a somewhat small-
er test stand than that employed in the present test program. 

The tests described in this report, a part of an exten-
sive investigation on the development of aircraft heaters now 
being conducted in the Mechanical Engineering Laboratory of 
the University of California, was. sponsored by and conducted 
with financial assistance from the National Advisory Committee 
for Aeronautics. Results of this investigation already com- 
pleted are contained in eight NACA advance restricted reports, 
which have the general title:	 Investigation of Aircraft 
Heaters."

HEAT EXCHLN GET? ThS T APPARA TtJS 

The laboratory heat exchanger testing a pparatus employed 
in the tests described in this report consists of a natural 
gas furnace and a centrifugal blower which supplied both the 
combustion air to the furnace and the ventilating air to the 
heat exchanger being tested, together with ductin and measur-
ing devices. A schematic sketch of this heater test stand 
is shown in figure 1. Photographs of various essential parts 
of the apparatus are shown in figures 2 to 5. 

The blower, which is a radial-vane, open-runner, single-
stage Kennedy typo, is driven by a 30-horsepower electric 
motor operating at about 3600 rpm 'the delivery pressure 
of the blower is quite constant throughout the operating 
range at approximately l pounds per square inch. The 
blower is capable of delivering a flow of about 6500 pounds 
per hour of ventilatin g air and about 8500 pounds per hour 
of air to the gas furnace for the generation of exhaust gas.
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The gas furnace has a thermal output of about 3,000,000 
Btu per hour. With the exhaust gas and ventilating air flow 
rates indicated, the temperature of the exhaust gas is about 
16000

The air from the blower is discharged into a 12-inch manifold 
and thence into two 8-inch ducts which supply combustion air to 
the furnace and the ventilating air to the heat exchanger, as 
shown in figure 1. 

Part of the combustion air is conducted to the bottom of 
the furnace where it reacts with the natural gas in a special 
burner head. The remainder of the air, called the "cooling 
air," is bypassed to the top of the combustion chamber where 
it mixes with the hot gases from the burner and acts as a 
"temperature regulator," cooling the gases to the desired 
operating temperature. The furnace is part of a standard Besler 
automatic flash-type steam holler. The boiler tube section was 
replaced by a conical top containing a specially designed 
chamber for the mixing of the hot combustion gases and the 
"cooling air." (See figs. 3 and 5.) 

The mixing chamber, of the gas furnace, shoun in figure 6, 
consists of a converging section which conducts the !'cooling air" 
to a point near the exit of the furnacc whore, by a sudden 
expansion, the "cooling air" is mixed with the hot gases from 
the combustion chamber below. Mien the test stand was first 
operated, difficulty was experienced in obtaining a uniform 
temperature distribution in 1kc exhaust gases leaving the furnace. 
After many experiments the mixing device described above was 
adopted, since it was a compromise between better mixing with a 
large pressure drop and poorer mixing which produced a smaller 
loss in pressure. An example of the latter case was given by 
a sot of five spiral vanes equally spaced around the periphery 
of the 8-inch duct immediately downetreorn from the furnace. 
Very little mixing occurred for the vanes merely twisted the 
temperature distribution around the axis of the pipe. Good 
mixing, but large pressure drops, was accomplished by the mixing 
device shown in figure 7 which was placed in the 8-inch duct 
downstream from the furnace. 

An annulus of 1i1; inches existed between the outside of the 
perforated cylinder and the inside of the 8-inch duct. The 
mixture of hot gases and cool air passed into the interior of 
the cylinder and then was caused to rotato,bya spiral vane,



through 3600 and to pass continuously into the annulus through 
the many perforations. The mixture then passed into the P.-inch 
pipe by a sudden expansion from the l--inch annüius. Thus a 
given mass of gas and air was distributed around the perimeter 
of the duct and was further mixed by the sudden expansion into 
the 8-inch duct. The disadvantageous pressure drops were de-
creased by placing holes in the end of the cylinder, but this 
eliminated the sudden expansion and thereby decreased the 
effectiveness of The mixer. In most cases the exhaust gas 
tomperatare (dog F) is uniform across the gas stream within 
five percent when the mixing device shown in figure 7 is 
used.

The combustion chamber of the gas furnace operates at a 
pressure of about one pound per square inch, The icnition of 
the combustible gases is caused by a spark from a 10,000 volt 
transformer. A safe r valve, which consists of an 8-inch 
diameter vertical standpipe capped by a weight-loaded disk, 
was installcd immediately upstream from the furnace. (See 
fig. 5.) The valve opens at a pressure of two pounds per square 
inch. It has proved successful on a few occasions when the 
flame in the furnace was inadvcrtontly extinguished and sudden-
ly roignitod. 

The heater test section is located 7 foot downstream from 
the furnace and mixing chamber. The inlet and outlet exhaust 
gas ducts arc 8 inches in diameter, while the ( ventilating air 
ducts are 5 inches in diameter. The heitor being tested is 
mounted between flanges whenever possible, but occasionally 
special slip joints are necessary. A sliding joint is used on 
the exhaust gas side downstream from the heater in order to 
allow for thermal expansion of the heater and ducting. 

The rate of flow of ventilating air to the heat exchanger 
is metered bir moans of a 5-inch orifice, The combustion air flow. 
is motored by a 6-inch orifice, Rioso orifices are installed in 
the two 8-inch air ducts as shown in figure 1. 

The total weight rate of exhaust gas is determined by adding 
the weight rate of nataral gas to the weight rate of combustion air. 
The orifices wore fabricated in accordance with the A,S.M.E. meter-
ing specifications (roferceco 2) and were calibrated by moans of a 
Prandtl type pitot-static . tabo. Smaller orifices are available to 
obtain greater accuracy at low weight rates. Straight sections of 
8-inch duct are placed for more than 20 pipe diameters upstream
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and more than 8 pipe diameterâ downstream from the orifices, 
corresponding to standard A.S.M.E. motoring procedure. Two sets 
of radius pressure taps are installed at each.orifice. The taps 
are located one pipe diameter upstream and one-half pipe diameter 
downstream from the orifice. A small manifold was constructed 
so that either or both sets of static pressure taps could be 
connected across the metering manometers. (See fig. 4.) 

The natural gas is metered by means of an 0.875-inch sharp-

edge orifice in a 2-inch pipe at a pressure of 5 pounds per square 
inch. This pressure is reduced to about 1 pound per square inch at 
the combustion chamber. 

The temperature of the exhaust gas entering and leaving the 
heater is measured by means of traversing shielded thermocouples 
(reference 3). The thermocouple junction must be shielded in 
order to eliminate the cooling effect, by radiation, when the 
junction "eos" the relatively cool duct walls (fig. 9). The out-
let gas temperature is usually measured about 30 inches downstream 
from the heater in order to provide for vanes in the duct which mix 
the exhaust gases leaving the heater. Asbestos lagging on the air 
and gas ducts minimizes the heat transfer to or from the surroundings 
or ducts. 

From the exhaust gas temperature traverses made at the heat 
exchanger inlet and outlet, the mixed mean temperatures at these 
points were computed. This practice has been found necessary 
because large discrepancies are introduced into the heat balance 
computations by small errors in computed mixed mean exhaust gas 
temperatures. 

Temperatures of the ventilating air are measured by means of 
traversing thermocouples also. The location of these thermocouples 
is usually determined by the configuration of the air shroud. A 
3-?Y-inch diameter orifice in the 5-inch ventilating air outlet duct 
is used to mix the air stream in order to obtain a uniform tempera-
ture distribution (within 3 percent in deg F) at this point. 

Temperature measurements of the two surfaces throughout the 
heater are also obtained. The thermocouples are usually welded to 
the heater metal and are insulated from the air stream by means of 
porcelain tubing to decrease the error due to conduction of heat 
along the wires. 

All of the thermocouples are made of chromel and alumel wire 
(18 to 28 gauge). "Auxiliary" junctions are eliminated by using 
chromel-alumel lead wires throughout the circuits,
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The thermocouple voltages Were measured by utilizing a 
laboratory potentiometer with the thermocouple cold junction main-
tamed at 32 0 F by immersion in an ice-filled thermos jug. 

Static pressure drop across the air and exhaust gas sides of 
the heat exchangers was measured by means of four pressure taps 
before and after the test section. Each of these four pressure 
taps is equipped with a shut-off cock so that the pressure distribu-
tion around the periphery can beobserved. For the tests on the 
Airesearch heat exchanger the pressure taps on the exhaust gas side 
were installed 10 inches before and after the heat exchanger. Those 
on the ventilating-air side were placed 8 inches before and after the 
inlet and outlet header openings. For the tests on the Solar heat 
exchanger the pressure taps on the exhaust-gas side, were placed 16 
inches before and 10 inches after the heated section. Those on the 
ventilating air side of the heater Wore • placed 24 inches before and 
after the heated section. The presence of the ventilating air 
shroud caused these différonèes in the locations of the pressure taps. 

The metering and pressure drop manometers are mounted on the 
panel shovru in figure 4. The following measurements which are ob-
tained by each manometer reading from loft to right in figure 4 are: 

1. Static pressure upstream from ventilating air orifice 

2. Differential prossue across ventilating air orifice 

3. Static pressure upstream from combustion air-orifice 

4. Differential pressure across combustion air orifice 

5.. Static pressure upstream from natural gas orifice 

6. Differential pressure across natural gas orifice 

7. Static pressure of natural gas after reducing valve 

8. Pressure drop across ventilating air side of heater 

9. Pressure drop across exhaust gas side of heater 

Manometers are also located at the discharge and suction sides of 
the air blower. 

The flow of ventilating air, combustion air to the lower part 
of the furnace, and cooling air to the top of the furnace are con- 
trolled by 8-inch butterfly valves. The 1i-inch butterfly valve
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which controls the flow of natural gas is connected to the 8-inch 
buttorfly valve which controls the flow of combustion air in order 
to maintain approximately constant air-to-fuel ratios in the 
combustible mixture. (See fig. 3.) 

DESCRIPTIONS OF HEAT EXCHINGERS 

The Airesearch heat exchanger is a parallel flow, unfinriod, 
fluted-type unit containing 48 alternate, exhaust-gas and Ventilating 
air passages. The over-all length of the heat transfer surface is 
26 inches. A diagram of the heater is shown in figure 9 and photo-
graphs of its arrangement in the test stand are shown in figures 10, 
11, and 12. 

The Solar heat exchanger is similar in general design to the 
Airesearch type except that it contains 32 alternate exhaust gas 
and ventilating air passages and has a heating section length of 
191 inches. The Solar heat exchanger is shown in figures 13 to 16. 

The shrouds by which the ventilating air entered and exited 
from the heat exchangers were obtained from the Ames Aeronautical 
Laboratory of the MACA at Moffett Field, Calif. The inlet ducts of 
each of those air shrouds contained turning vanes to distribute the 
flow of air uniformly around the periphery of the heat exchanger. 
The outlet headers were not equipped with turning vanes. Thd 
effectiveness of these vano .s was observed by studying the results 
of velocity distribution measurements made by a Prandtl typo pitot 
static tube.

SYMBOLS 

A	 area of heat transfer, ft 

C pa heat capacity of air at constant pressure, Btu/lb OF 

0 P heat capacity of exhaust gas at constant pressure, Btu/lb OF 
D	 hydraulic diamoter, ft 

fc unit thermal convective conductance, Btu/hr ft OF 

9	 gravitational force per unit of mass, lb/(lb sec2/ft)



8 

G weight rate per unit of area, lb/hr ft 

Ga weight rate per unit of area for ventilating air, lb/hr ft 

G  weight rate per unit of area for exhaust gas, lb/hr ft' 

L length of heat transfer surface, ft 

P heat transfer perimeter, ft 

qa measured rate of enthalpy change of ventilating air, Btu/hr 

qg measured rate of enthalpy change of exhaust gas, Btu/hr

t1	 arithmetic averagetemperature of heater surface at section 
defined by point 1, OF 

t	 arithmetic average temperature of heater surface at section 
defined by point 2, OF 

T i Ta arithmetic average mixed mean absolute temperature of 

fluid = T 1 + T2	 OR 

2 

T	 mixed mean absolute temperature of fluid at point 1, °R 

T 2 mixed mean absolute temperature of fluid at point 2, OR 

T	 mixed moan absolute temperature of fluid for isothermal 
SO	

pressure drop tests, OR 

U	 over-all unit thermal conductance, Btu/hr ft
2
 OF 

Wa weight rate of air, lb/hr 

IV  weight rate of exhaust gas, lb/hr 

y1	 weight density of fluid at cntr'.nce to heating section 

(point 1), lb t3 

P non-isothermal pressure drop along heater, lb1ft2 

pressure drop along heater on ventilating air side, lb/ft2 

API, pressure drop along heater on ventilating air side, inches HO 



6P pressure drop along heater on exhaust gas side, lb/ft2 

Apt pressure drop along heater on exhaust gas side, inches H2O 

A PT isothermal pressure drop due to friction along heater at 
150 temperature	 T50 

At logarithmic moan temperature difference, OF 

AT difference between mixed mean temperatures of ventilating 
air at sections defined by points 1 and 2, 

= Ta	 Ta,°F 

AT difference between mixed mean temperatures of exhaust 
gas at sections defined by points 1 and 2, 
=T	 -	 T 

T 
mixed mean temperature of ventilating air at section 

1 defined by point 1, °F

Ta	 mixed moan temperature of ventilating air at section 
defined by point 2, OF 

T	 mixed mean temporaure of exhaust gas at section 
91	 defined by point 1, O 

mixed mean temperature of exhaust gas at section 
defined by point 2, O1 

Point 1 refers to entrance end of heater. 

Point 2 refers to exit end of heater. 

DISCUSSION OF TEST RESULTS 

Method of Analysis 

(a) Heat transfer- The thermal output of the heater was 
determined by the enthalpy change of the ventilating air: 

q=Wcpa (T_ 1 )
	 ( 1) a1 

9 
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where cpa was fixed (as a good approximation) at the arithmetic 

average air temperature. A plot of q against Wa with Wg 
as a parameter at approximately constant values of T r 	 and Ta

1 
is given in figures 17 and 21. 

For the exhaust gas side: 

q.	 W °pg (T g	 — T0. )	 ( 2) g	 1.	 "2 
where C pg was fixed (as a good approximation) at the arithmetic 
average exhaust gas temperature. The heat transfer to the surround-
ings was reduced to a negligible rate as a result of wrapping with 
asbestos sheets. 

The over-all thermal conductance UA was evaluated from the 
equation

'qa = (U A) L4m	 (3)

Values of UA are plotted against Wa With VT  as a Parameter in 
figures 18 and 22. Predicted values of UA were determined for 
both the Airesearch and Solar heaters, using the expression 

1 
LTA=------------ (4) / 	 /	 s\ 

1 1 \ 1	 ' 1	 1 

	

iaT	 FcP,1gi 

Where the average thermal resistances for one foot of heater 

lenth	 and	 , on the air and gas sides of the heater, 

respectively, are evaluated from chart B (see also reference 1); and 
L is the length of the heat transfer area. This nomographic chart-
is based on thermal data taken on smooth double tube heat exchangers 
in which the unit thermal conductance f.can be expressed as: 

5,56 X 10 4 X T°'296	 °'	 (5) 
pO.CO 

*Less than 3 percent on the exhaust gas side and less than 1 percent 
on the ventilating air side.
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where T is the arithmetic average mixed mean absolute temperature 
of the fluid, G is the fluid flow per unit area, and D is the 
hydraulic diameter, 

(b) Pressure drop.- The non-isothermal pressure drop of 
either fluid through the heater was predicted from isothermal 
pressure drop measurements by means of equation (27) of reference 1. 

LP	 Tiso (a_ V 913 
+ -	 T,- l"\	 (6) 

\ ' iso(3o0) Y 1 g	 I 
in which 	 is the isotherri pressure drop due to friction at 

150 
tenperature T i50 . A comparison of the measured and predicted 
rnanitudes of the non-iotherma1 pressure drops is shown in figures 
19, 20, 23, and 24. 

Results on Aire search heat Txchanqsr Tests 

The enthalpy change of the ventilating air was used as the 
criterion for the determination of the thermal output of the heat 
exchanger, since the temperature measurements on the air side are 
more accurate. A 1 percent error in the measurement of either ex-
haust gas temperature could cause a . 10 percent error in the magni-
tude of the temperature change of the gas so that the heat balances 
are sometimes as much as 40 percent unbalanced. The average discrep-
ancy in the heat balances q g/a for these tests Was 20 percent, 

In figure 18 the values of the over-all conductance UA derived 
from laboratory measurements are compared with the values predicted 
by means of equation (4) aid chart B, of reference 1, which is included 
with this report for convenience. The exchanger length L was taken 
to be 2±j- inche-a, which is the sum-of-the-Toll-fluted   heat	 -- - 
length (17 in.) and one-half of each tapered end section (Ain.). 
The choice of this length is somewhat arbitrary, since the mechanism 
and rate of heat transfer at the ends of the heater is complicated 
by the cross-flow and tapered characteristics of the inlet and out-
let ventilating air ducts and the taoered fluted hoater ends. The 
prediction as given herein is, however, a conservative one. The 
predicted values are within 18 percent of the measured values. The 
fact that the latter data do not fall on truly continuous curves can 
be explained in part by the experimental errors in determining the 
log mean temperature differences, 

*Ti, is substituted for T i in the first term on the right-hand side 
of equation (27) of reference 1. In referencel, T. coincided with 

but this was not the case in the-se tests, especially on the 
exhaust gas side.
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The predicted non-isothermal pressure drops calculated from 
J.1, 

measured isothermal pressure drops compare well with the meas-
ured non-isothermal values, as shown in figures 19 and 20. 

The temperatures of the heater surfaces are probably slightly 
low due to conduction of heat along the porcelain-insulated thermo-
couple wires which extended through the ventilating air stream. 

The thermal and pressure-drop data obtained in the tests of the 
Aircsearch boat exchanger are. contained in tables I and II. Corre-
sponding data from the tests made on the Solar heat exchanger are 
included in tables III and Ill. 

Results on Solar Heat Exchanger Tests 

Because, during the tests on the Solar heater a part of the 
mixing chamber became disengaged, the single measurement of the 
exhaust gas temperature at the center of the duct was inadequate 
for the determination of the mixed moan temperature at the entrance 
to the heater. Previous to the disengaging of the mixing chamber 
the exhaust gas inlet temperature was quite uniform. The marked 
change in the heat balance ratio 	 '/q (see table III), is 
traceable to this fact. For runs numbers 17 to 24 the exhaust 
gas temperature T. was calculated from 'r and the equation

01	 ga 
qC = qa in order to determine the over-all conductance UA and to 
calculate the non-isothermal pressure drop correction. 

In figure 22 the values of the over-all conductance UA deter-
mined from laboratory measurements are compared with the values 
predicted by means of equation (4) and chart B of reference 1. The 
heat transfer length L was taken to be l5- inches, which is the sum 
of the full-fluted length (11 inches) and one-half of each tapered 
end section (* inches). As in the prediction of the previous 
heater the choice of this length was somewhat arbitrary but is one 
which yields a conservative value of the over-all thermal conductance. 
The predicted values of UA are up to 20 percent lower than those de-
rived from the measurements. 

Because it was not possible to install the static pressure taps 
on the exhaust gas side immediately before and after the heating 
section owing to the presence of the close-fitting air shroud, the 
measured isothermal pressure drop 	 was more than that due to iso
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friction a1on - that is, it included expansion and contraction 
losses. However, only the isothermal pressure drop due to fric-
tion should be substituted for PTis, and multiplied byTa\1.13 

ii 
in equation (6). The expansion and contraction losses included 
in the measured value of TiSO are not the same function of the 
fluid temperatures as the losses due to friction; thus the pro-
dictod magnitude of the non-isothermal pressure drop is slightly 
in error. (See fig. 23.) 

OW the ventilating air side of the Solar heater the greater 
portion of the pressure drop occurred in the converging and 
diverging sections placed before and after the heated section; so 
the above-mentioned calculation was not at all accurate. 

Al.rhon the pressure drops due to causos other than friction 
are accuratly calculated and subtracted from the total measured 
isothermal pressure drop, the additiohal p±'essurc drop duo to the 
heating of the fluid can beprodictod from equation (6). If the 
variation of the expansion and contraction losses with fluid 
temperature is known, the total non-isothermal pressure drop can 
be calculated.. 

At a ventilating air flow of about 3000 pounds per hour the 
velocity distribution of the air around the periphery of the 
Solar air shroud at the entrance to the heater section was uniform 
for about 60 percent of the perimeter. Along one portion of the 
shroud the velocity diminished. However, at a ventilating air 
rate of 6000 pounds per hour the velocity distribution was uniform 
(±10 percent) around the entire shroud. 

The measurements of surface temperatures are considered to be 
- slightly low due to conduction of heat along the porcelain-
insulated thermocouple wires.  

Comparison of Airosearch and Solar heat Exchanger Performance 

The average thermal resistances\ and ( 1 Qj;j 	 JJg 
for the air and gas sides, respectively, arc equal as determined 
from chart B of reference 1 at a ratio of exhaust gas flow to 
ventilating air flow approximately equal to 1.2 for the Aircsearch
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heater and 1.4 for the Solar heater. These results indicate a 
proper distribution of thermal resistance for the optimum rate of 
heat transfer at a usual operating flow ratio. However, in some 
heaters it may be advantageous to proportion the thermal resist-
ances in order to yield a safe operating temperature of the 
heater metal. 

The heat transfer rate for the Airo search heater is about 
85 percent greater than that for the So1r uiiit mainly because 
of the larger heat transfer area of the fcrmer (ratio of areas, 
2.25:1). 

At an exhaust gas flow of 7000 pounds per hour and a venti-
lating air flow of 5000 pounds per hour the thermal output of the 
.L.ircsearch heater was about 320,000 Btu per hour and that of the 
Solar was approximately 170,000 Btu per hour (ratio = 1.9), At 
those same woirht rates the non .isothormal pressure drop on the 
air side was 50 percent greater and on the as sido 25 ocreent 
greater for the Airosoarch than for t].o Solar unit, The iso-
thermal pressure drop for both the air and gas sides was about 
33 percent greater for the Airoscarch heater than for the Solar 
heater. A satisfactory correlation of the presure drop and 
heat transfer results should not be expected, especially on the 
air side of these heaters, because of the inclusion of inlet and 
outlet duct pressure drops. 

It may be seen from figures 17, 18, 21, and 22 that the 
change in the thermal output q aud the corresponding over-all 
thermal conductance UA with increasing gas and air rates is 
greater for the Aire search heater than for the Solar heater. 
For fixed magnitudes of gas and air woiht rates the correspond-
ing weight rates per unit area P are larger in the case of the 
Solar heater since the cross-sectional areas on the air and gas 
sides are smal1r. Since the unit thermal conductancos f

c on 
both sides of the heaters are functions of the 0.8 power of (3, 
the increase in the magnitude of f 0 with an increase in G is 
less at higher values of G - that is, fa G 0 . 6 ; so 
df0 

dG	 G0.2

CONCLUSIONS 

1. At an exhaust gas f1or rate of 7000 pounds per hour
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and a ventilating air flow rate of 5000 pounds per hour, the thermal 
output of the Airosearch heat exchanger was about 320,000 Btu per 
hour, while that of the Solar unit was about 170,000 Btu per hour. 
The heat transfer area of the Airesoarch heat exchanger is about 
2.25 times as great as that of the 3olar heater, and this 
difference largely accounts for the reatcr thermal output 
of the Aircsoarch heat exchanger, 

2. The thermal performance of the Airesearch and Solar 
fluted-type heat exchangors can be ostimatod to within 20 per- 
cont by use of equations (3) and (4), and equation (5) which 
is based on the unit thermal conductance, for smooth tubes. 

3. The non-isothermal presou o drop duo to friction can 
be closely estimated from isothermal values measured across 
the heating section.	 - 

4. within the usual operatinS range of flow ratios, the 
thermal resistances on the gs and air sides of both heaters 
previous1r mentioned are evenly proportioned. 

University of California,
Berkeley, Calif.
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AIRESEARCH FLUTED-TYPE HEATER 

Pressure Drop Data 

- 

un 
to.0

W 

lbs/r

G 

lbs/hr ft 2

Measured 
isothermal 
pressure 
dropa 
L?r,so 

lbs/ft2 
(T 150 560°R)

Predicted 
non- 
isothermal 
pressure 
drop 

AP 
lbg/ft2

Measured 
non-
isothermal 
pressure 
drop 

lbs/ft2

T 1 

OR

T2 

O

T  

OR 

Air Side  

16 3080 17,980 31.5 48.5 45.9 559 886 722 

10 4280 24,900 57.0 81.7 80,0 564 822 693 

19 5100 29,700 79.0 112.0 109.5 556 822 689 

20 5420 31,600 88.5 125.5 120.2 562 817 689 

Exhaust Gas Side 

16 4203 15,600 4.60 15.2 14.3 1915 1792 1853 

16 6055 22,500 8.96 30.8 27.8 1856 1758 1807 

19 7280 27,000 12.30 38.7 40.0 1901 1746 1823 

20 8_65 0 32,100 16.60 54.0 55.0 1901 1748 1824

a These entries are ta1n from plot of 6P vs. Wa 

or/3P vs. W since actual isothermal measurements were 
g	 g 

at slightly different fluid rates.



4.: 
H

bo 
C'CU 
II	 I 

C--
0' H 
'0 02 

S.. 

4-. 

e.-0 

'F 

(1)0 
4-) 

-4-. 
ID 

0 
-d

ID 
0 
4-. 4) 

H 
r4 ID 
aS

0I 
4-. U) 
0 4. 

C) - 

ID 
4-. 

•.-4 0) 

I) H U) 
.o E

0
4-. .-1 U)
0D 4-. 

4-. E-' -P 
0)	 cd 

OQ) 

0)00 
-.4	 4) 

CU
a) ID I

N)
4 0.-I 

4)0) 

00 

ifl!' ID 4.. 
c 00 

ca N 
aS.D 0 

18 

I-I 
H

5-

"N 

- D CU CU 4 C) C) N) co 
CU CU to LI) Idi N) CU .-4 N) qi to to U) U) to 

to '-I .-4 .-4 .-4 .-4 .-4 .-I .-1 .4 H -1 .-4 H ,-$ H .-

00 
CH

0 to 0 0 0 0 0 to U) U) 0 0 0 C 0 0 
0 4) CD U) C) C) to CD co LI) C) 0) .-4 .-4 C) C'J CD N) 'I '

CU CU .-4 11 H 
H ..4 ,4 .1 .4 4 ,1 4 .-( 1 4 .-4 4 .4 4 H 

b4c0 0 U) U) 0 U) 0 0 0 to 0 U) 0 0 0 U) LI) 

P..00UN) 0 0 0 C) 0 CU N) .-4 0 0 CU C) 0) 
o

N) to to df U) U) U) C- C- C- C- C) co C- C-

0).. 
0)0 
o $.rQ 0 0 0 LO 

0)
LI) 

CU
C-

C- 0 U)
C-

0) 0 CU U) N) 

H U) 0 U) CO C) U) 0 4) U) 0 U) C) Cl- 4 0) U) 

.-4 .-I -4 1-4 14 .-4 14 H 1-4 1-4 .-4 

I -- co co Co CU U) 0 0 0 0 a) - 0 CU .-4 .-1 

S.. S.. 0)1 ) C) N) 0 N) C- U) C- U) 0) U) U) - C- to 
0 0 0

. 
4-'	 CD LI) U) CO C- C-- to U) U) U) LI) CD C-

- 

0 04-' LQ cr.. U) N) C) N) .-4 U) C- 0) .-4 ' co CU () N) N) 
11 E-4	 (	 I - 0 U) -4 0) CU CO 4 0) co CU C) U) u 0) Cl- LI) 

43 4 N) to CU N) N) U) sj N) to to N) U) 

CD 0) N) C) to ,-I N) U) CO CU N) CO -,4 CU co 
C- C- C) to C- C) C) C) CD CD CD 4 C) CC) CD Cl-

l0' 0 0.0 0 0 0 0 0 .-I CU CU CU CU CU CU CU 

S..0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

OO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0	 ) 4) C) 4 N) LO 0 U) U) U) 0 CU C-- LI) U) CO 0) 

to C) .-4 CU H N) N) N) N) CU to Cl- C) CC) ,-I 
r-4 r-4 -4 .4 -4 .-I ...4 CU W ' 4 

o U) U) to 0 0 0 0 0 0 0 0 0 0 0 0 bO0 C) C) 0 CU CU CU CU 0 . l (7) C) 
0) 0) .-4 ,-4 H U) to to CD co U) C- C- j4 4 NO CU 

-	 DLI) LO -U') U) co CD CD (O.- C- C- C-.- C-C) co co- CC) 
H 

&	 1...O co CO CU C) l 0 CD U) 1	 U) CO 144 N) 

•d	 0 CD C- co C) C- C- C- C- H C) ,-4 CU N) 
CU

0 
CU

0 
CU

co 
.-i Cl) - H .-4 CU CU 

)	 i	 I U) CU CD II) N) CU CD co co C) .-I C) 0 to 0) Cl) 

U)	 0 CU C) C) C)) C- C) -I -4 N) CU U) CU (7) C- 0) 0 
o N) (U CU CU CU CU NY N) N) N) N) N) CU CU CU N) 

4) H H H H r1 1 '.4 H H ,-I .-4 H H .-4 H H 
0)

0 CU C- H to 0 0 co LO C) to U) .-I N) CC) 

44 C) to C- C- LX) U) C)) C) '1 CU CD LI) CU co 0 CC) 
4	 0 N) N) N) N) N) to to N) LO LI) LI) U) 10 U) 

H H H .-4 H -4 H 

S..0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0

0 
0

0 
0 0 0 

0
0 
0

0 
0

0 
0

0 
0

0 
0

0 
0

0 
0

0 
0

0 
0

0 
0

0 
0 0 0 0 

C'  
40 0 .-4 C- CD d4 Co N) CU CC) H CD 141 CU CU C- H 

to N) Idq Idi co C) CD to N) CD C- C) LI) C- C- LI) 
H H .-I H H 4 .-I H .-4 .-I .-1 H H .-4 H H 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
CU ' LO LI) 0 .-I U) '.4 0 0 0 0 0 0 U) 

oi 0 to N) N) N) to to 0 H N) N) CU CU N) N) 0 

to CO U) LI) d4 N) to U) CD co U) ' N) 

0	 H
-'0-

-'-I	 I 
Cl) U) co 0 0) CD to '4' 41) C- C) co q4 0 

0 C- N) H 0 (U CU U) C) co U) N) CU CU N) C- 0 

4.. H H H H H H H 1-4 ,-I H H .-4 H H ,-1 CU 

N 
I	 0	 .. CD H 0 C- U) C- H 0 '4' '4' CU 0 m 

to
H 
0 

I	 (	 0 C- 
CU

N) 
CU

H 
('3

0 
CU

H 
CU

CU 
CU

U) 
CU -

0) 
CU

co 
CU

U) 
CU

N) 
CU

CU 
CU

('3 
CU

N) 
CU CU N) 

C-. C) CD co - LO U) U) C- 0 0) C- to -4' CD to C-

t 0 C) C) C) C) C) C) 0) 0) 0 CT) 0) 0) 0) C) 0) C) 
H 

0 C) 0 H CU
F.-

LX) CD C- CD 0) 0 H CU N) ' 

H H H 4 H H H '.4 CU CU CU - CU



TABLE IV
	

19 

SOLAR FLUTED TYPE HEATER

Pressure Drop Data 

Run 
No,

W 

lbs,4ir

G
g 

lbs/l^t2

Measured 
isothermal 
pressure 
drop a 
AF-i1 

lbs/ft 
:T 150=556°R)

Predicted 
non- 
isothermal 
pressure 
drop 

lbs/ft2

Measured 
non- 
isothormal 
pressure 
drop 

lbs/ft2

Tb 
I 

OR

T2 

OR

Ta 

OR 

Exhaust Gas Side 

10 5190 26,700 512 .15.7 1518 1820 1742 1781 

14 6620 34,100 8.0 23.7 26.0 1816 1742 1779 

20 7740 39,500 10,5 31.1 36.1 1880 1789 1835 

22 8500 3,800 12.3 37.8 1	 42.6 1807 1733 1770 

Air Side  
W. 

lbs/4ir
Ga 

lbs/hr/ft2 (T1=560°R)  

1 3200 35,500 25.2 -- -- -- -- --

2 4300 47,800 44,9 -- -- -- --

3 5330 59,300 67.0 -- -- -- -- --

-6350 --70700- -900- ----_____ - 

9 3020 33,600 -- -- 30.2 559 736 657 

15 4310 47,900 --	 . -- 54.3 555 711 633 

5300 58,800 -- -- 77.6 557 696 626 

6350 70,500 -- -- 97.0 557 667 612

me entries are taicen rrom piot or ,r vs. w , since actuai isotnermai 
measurements were at slightly differen€ gas rtes. 

b T 1 evaluated from T2 and cia ( g for iuns 20 and 22. 

P= _f'r'	 \ 
(,3t:,OO)Z 

44 g	 (6) 
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Figure 4.- Photograph of data station and orifice meters.
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Figure 5. — Photograph of natural gas furnace.
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NACA	 Figs. 7, 10 

Figure 7.- Photograph of a mixing device. 

Figure 10. — Photograph of Airesearch heater 
and air shroud with outlet 
header removed.
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Figs. 11, 12 

kid 

I 

Figure 11.— Photograph of Airesearch heater in teat stand. 

I 

Figure 12.— Photograph of A.research heater in test stand.



Figure 14.—
Photograph 
of Solar 
heater 
and air 
shroud. 

4 

Figure 15.—
Photograph 
of Solar 
heater 
in test 
stand.

Figure 16.-
Photograph 
of Solar 
heater 
in test 
stand.
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Figs. 14, 15, 16 



NACA	 Fig. 17 

Figure 17.-.Thermal output of Airesearth fluted type exhaust gas-air heat 
exchanger as a Thnction of the ventilatihg air rate. 
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Figure 18.- Overall conductance (UA) of Airesearch fluted type exhaust gas-
air heater as a function of ventilating air rate. 
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Figure 19.- Pressure drop on air side of Airesearch heater as a function 
of ventilating air rate. 
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Figure 20.- Pressure on exhaust gas side of Airesearch heater as a 
function of exhaust gas rate. 



Figure 21- Thermal output of Solar fluted type exhaust gae-air heater 
as a function of ventilating air rate. 
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Figure 22.- Overall conductance (VA) of Solar fluted type ex-
haust gas-air heater as a function of ventilating 

air rate. 
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Figure 23.- Pressure drop on exhaust side of Solar heater as a function 
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Figure 24. Pressure drop on the air side of Solar heater as a function 
of ventilating air rate. 
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