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NA TIONAL ADVISORY COMMITTEE FOR AERONAUTICS

AN INVESTIGATION OF AIRCRAFT HEA TERS
IX - MEASURED AND PREDICTED PERFORMANCE OF TWO EXHAUST
GAS-ATR HEAT EXCHANGERS AND AN‘APIARAIUS FOR
EVALUATING EXHAUST GAS-AIR HEAT EXCHANGERS

By L. M, K., Boelter, M, A, Miller, W, H, Sharp,
E. H, Norrin, H. W, Iversen, and W, E, Mason

SUMMARY

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 tc the heat exchanger under test,
together with a system of ducting and vaericus measuring de-
vices, 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 1600° F,

It was found that at exhaust gas and ventilating eir
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 srea of heat transfer surfaces
in the Airesearch heat exchanger. In the analysis of the test
date the measured thermal outputs and pressure drops of the
two heat exchangers arc compared with predicted values,



IN IRODUCTION

From the results of previous experimental tests (reference 1)
on double tube heat exchangers, using both an internal combustion
engine and a natural gas burner for the genesration of hot exhaust
gas, it was apparent that the thermal and prossure-drop data
were nearly independent of these two means of exhaust gas cgenera-
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 Mcchanical 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-
rleted are contained in cight FWACA advance restricted reports,
which have the general title: "An Investigation of fircraft
Heaters.,"

HEAI‘EXCHANGER TEST APPARATUS

The laboratory heat exchanger testing apparatus employed
in the tests described in this report’consists of a natural
gas furnace and a centrifugal hlower which supplied both the
combustion air to the furnace and the verntilating air to the
heat exchanger beirg tested, togcther with ducting and measur-
ing devices. A schematic sketeh of this heater test stand
is shown in figure 1, Photographs of various cssential parts
of the apparatus are shown in figures 2 to 5.

The blower, which is a radial-vane, open-rurner, single=~
stage Kennedy type, is driven by a 30=horsepower electric
motor operating at about 3600 rpm. ‘he delivery pressure
of the blower is quite constant throughout the operating
range at approximately 1% pournds per square inch., The
blower is capablc of delivering a flow of about 6500 pounds
per hour of ventilating 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 eoxhaust gas and ventilating air flow
rates indicated, the temperaturc of the exhaust gas is about
1600° T,

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 ventllatln? 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 1n 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 gnscs from the burner and acts as a-
"temperature regnlator," cooling the gases to the desired
operating temperature. The furnace is part of a standard Besler
automatic flash-~type steam boiler. The boiler tube section wos
replaced by a conical top containing a spscially designed
chamber for the mixing of the hot combustion geses and the
"cooling air." (See figs. 3 and 5,)

The mixing chamber, of the gas furnace, uhown ln ll?uru 6,
consists of a converging scction which conducts the "cooling air"
to a point near the cxit of the furnace where, by a sudden
expansion, the "cooling air" is mixed with the hot gases from
the combustion chamber below, When the test stend was first
operated, difficulty was experienced in obtaining a uniforn
temperature distribution in the exhaust gases leaving the furnace,
After many oxperiments the mixing device deseribed above was
adopted, since it wns a compromise between better mixing with a
large pressurc drop and poorer mixing which produced a smaller
loss in pressure., An example of tho lattor casc was given by
a sct of five spiral vanes equally spaced around the periphery .
of the 8-inch duct 1mmed"ately downstream from the furnace,
Very little mixing occurred for the vanecs morcly twisted the
temporature distribution around the axis of the pipe. Good
mixing, but large pressure drops, was nccomplished by the mixing
device shown in figure 7 which was placed in the 8-inch duct
dovms tream from the furnace,

in anaulus of 1% inches cxisted betweon the outside of the
perforated cylinder and the inside of the 8-inch duct, The
mixture of hot gases and cool air passcd into the interior of
the cylinder and then was caused to rotate,by a spiral vane,



through 360° and to pass continuously into the annulus through
the many perforations., The mixture then passed into the €-inch
pipe by a sudden expansion from the l%binch annulus, 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-
creascd by placing holes in the end of the cylinder, but this
climinated the sudden cxpansion and thercby decrcased the
effectiveness of the mixer., In most casss the exhaust gas
temperaturs (deg F) is uniform across the gas stream within
five percent when the mixing device shovm in figurc 7 is

used, :

The. combus tion chamber of the gas furnace operates at a
pressurc of about onc pound per square inch, The ignition of
the combustible gases is caused by a spark from a 10,000 volt
transformer., 4 safety valve, which consists of an 8-inch
diameter vertical standpipe capped by a weighteloaded disk,
was instellcd immediately upstream from the furnace. (Sce
fig. &) The valve opens at a pressure of two pounds per square
inch, Tt has proved successful on a fow occasions vhen the

flame in the furnace was inadvertently extinguished and sudden-

ly reignited,

The heater test section is located 7 fect downstream. from
the furnoce and mixing chawber. 'he inlet and outlet exhaust
gas ducts are 8 inches in diamcter, while the ventilating air
ducts are & inches in diameter. The heater being tested is
mounted between flanges whenever possible, but occasionally
special slip joints are nccessary, 4 sliding joint is uscd on
the exhaust gas side downstream from the hoater in order to
allow for thermal cxpansion of the heater and ducting.

The rate of flow of ventilating air to the heat exchanger
is moctered by mouns of a 5-inch orifice, The combustion air flow .-
is mctered by a 8-inch orifice. Thesc orifices are installed in
the two 8-inch air ducts as shown in figurc 1,

The total weight rate of cxhaust gas is determined by adding
tho weight rate of natural gas to the weight ratoe of combustion air,
The orificcs werc fabricated in accordance with the A.S.M.E, meter-
ing specifications (refercnce 2) and werc calibrated by means of a
Prandtl type pitot-static tube. 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 diamcters upstream



and more than 8 pipe diameters downstream from the orifices,
corresponding to standard A,S.i{,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
dovmstream 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 sh arp-
edge orifice in a 2= lnch pipe at a' pressure of 5 pounds per square
inch, This pressure ig 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 "sees" 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 cxhaust 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 shrcud., A
3%4winch diameter orifice in the 5-inch ventilating air outlet duct
is used to mix the air stream in order to obtain a uniform tempera-
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ture distribution (within 3 percent in deg I') 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
(12 to 28 gauge)., "Auxiliary" junctions are eliminated by using
chromel-alumel lead wires throughout the circuits,



The thermocouple voltages were measured by utilizing a
laboratory potentiometer with the thermocouple cold junction maine
tainsd at 32° F by immersion in an ice-filled thermos jug.

Static pressure drop dcross 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 be observed., 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 werc pleced 24 inches before and
after the heated section. The presence of the ventilating air
shroud caused these différences in the locations of the pressure taps,

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

1, Static pressure upstream from ventilating air orifice

2. Differential prossure 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 pressurc of natufal gus after reducing valve

8+ Prcssure drop across ventilating air side of heater

9. Pressure drop across exhaust gas side of heater

Manometers are also located at the dwschargc 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 cone
trolled by 8-inch butterfly valves, The lj=inch butterfly valve



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, (Sce fig. 3.)

DESCRIPTIONS OF EEAT EXCHANGERS

The Airesearch heat exchanger is a parallel flow, unfinned,
fluted-type unit containing 48 alternate. cxhaust-gas and ventilating
air passages. Thc over-all longth 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 hecat exchanger is similar in gencral design to the
Airesearch type except that it contains 32 alternate exhaust gas
and ventilating air passages and has a heating scction length of
19% inches. ' The Solar heat exchanger is shown in figures 13 to 16,

The shrouds by which the ventilating air cntered and exited
from the heat exchangers were obtained from the Ames Aeronautical
Laboratory of the NACA at Moffett Field, Calif, The inlet ducts of
each of these air shrouds contained turning vanes to distribute the
flow of air uniformly around the periphery of the heat exchanger.
The outlet headers were not cquipped with turning vanes. The
effectiveness of these vancs was observed by studying the results
of velocity distribution measurements mads by a Prandtl type pitot=
static tubec, :

SYMBOLS
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A arca of heat transfsr, ft
Cpa heat capacity of air at constant pressure, Btu/lb °OF

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

fe  unit thermal convective conductance, Btu/hr ffa °p

g gravitational force per unit of mass, 1b/(1b seca/Tt)



G weight rate per unit of arca, lb/hr £t°

G weight rate per unit of area for ventilating air; 1o/hr £t?
G weight rate per unit of area for exhaust gas, lb/hr £t?

L length of heat transfer surface, ft

P heat transfer perimetcr, £t

9 measured ratc of enthulpy(change of - ventilating air, Btu/hr

dg measurcd rate of cnthalpy change of exhaust gas, Btu/hr

t arithmetic average temperaturc of hecater surface at section
defined by point 1, °F

t arithmetic average tomperature of heater surface at section
defined by point 2, °F

©

T,T, arithmetic average mixed mean absolute temperature of
. + .
fluid = T, T2, ©r
2

Tl mixed mean absolute temperature of fluid at point 1, °R
T, mixed mean absolute temperature of fluid at point 2, °R
Tiso mixed mcan absolute temperaturc of fluid for isothermal

pressure drop tests, °R
U oveor-all unit thermel conductance, Btu/hr £t op N

Wy weight rate of air, 1b/hr

w weight ratce of cxhaust gas, lb/hr

g
Y, weight density of fluid at cnirance to heating section
(point 1), 1b/ft°

AP non-isothermal pressure drop along heater, 1b/Tt2
APa proessure drop along heater on ventilating air side, lb/'ft2

AP', pressure drop along hecater on ventilating air side, inches F,0



Afé pressure drop along heater on cxhaust gas side, 1b/'fte
AP'g pressure drop along heater on exhaust gas side, inches H_O
OPp, isothermal pressurc drop due to friction along heater at
180 temperature T g,
At%m logarithmic mcan temperature differenco, °F
Ot aifferenco betwsen mixed mecan tempcraturcs of ventilating
a . . . .
air at sections defincd by points 1 and 2,
= T - T o
. a 8 a 1 ’
ATg difference between mixed mean temperatures of exhaust
gas at sections defined by points 1 and 2,
= T - T Op
8
1 2
T mixed mean temperature of ventilating air at section
a, . . Os
defined by point 1, °F
To mixed mean temperaturs of vertilating air at section
2 . defined by point 2, OF
T mixed mean temporature cof exhaust gas at section
B2 defined by point 1, °F
T, mixed mean temperaturo of cxhaust gas at section
°2 defined by point 2, %
Point 1 refers to entrance end of heator,
Point 2 refers to exit end of heater.

 DISCUSSION OF TEST RESULTS

Methed of Analysis

(a) Heat transfer,- The thormal output of the heater was
determincd by the enthalpy change of the ventilating air:

9g = Wy Cpg (Taa - 1a1)

(1)
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where Cpa Was fixed (as a good approximation) at the arithmetic
average air temperature. A plot of gq, against Wy with Wg

as a parameter at approximately constant values of T and Tal
2} ]
is given in figures 17 and 21,
For the exhaust gas side:
=W T - :
U5 =Yg opg (g =Ty ) (2)

where Cpg 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, '

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

‘Qa = (U 4) At%nl v _ (3)

Values of UA are plotted against Wy with W, as a parameter in
figures 18 and 22, Predicted values of UA were determined for
both the Airesearqh and Solar heaters, using the expression

1
UA= smeasemceaae T (4)
711 S
\feP/a T "\FcF/g T-

where the average thermil resistances for one foot of heater
/ .

) 1 1 3 . .
length{ =) and -—~—‘/ » on the air and gas sides of the heater,
£.P Ja TP
respectively, are svaluated from chart B (see also reference 1); an
L is the length of the heat transfer area., This nomographic chart
is based on thermal data taken on smooth double tube heat exchansers
o
in which the unit thermal conductance fo can be expressed as:
-l n 10488
fo = 5,56 X 10=%X T0.2896 G "7 (5)
DOe€0

*Less than 3 percent on the exhaust gas side and less than 1 percent
on the ventilating air side,
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wiere T is the arithmetic average mixed mean absolute itemperature

of the Iluid, G is the fluid £low per wunit area, and D is the
hydraulic diameter,

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

s m N\ a2
=AD \Z el 3 G : : e
"A‘Tiso (\M;L- [ —er _: ].\ (€)
‘iso / (3600)° Yy 8 \ Y,
in which APy is the isothermal pressure drop due to friction at

iso
temperature Tiso. A comparison of the measured and predicted
majnitudes of the non-isothermal pressure drops is shown in figures’
19, 20, 23, and 24, -

Results on Airescarch Meat ¥xzchanger Tests

he enthalpy change of the wventilating air was used as the
crlte”lon 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 cf the gas so that the heat balances
arc sometimes as much as 40 percont unbalanced, The average discrep-
ancy in the heat balances qg/'qa for these tests was 20 percent,

In figure 18 the valuss of the over-all conductance UA derived
from laboratory measurements are comparcd with the values predicted
by means of equation (4) and chart B, of rcference 1, which is included
with this rzport for convenience., The cxchanger length L was talen
to be ZI% inches, which ts the sum-of <the full-flubted heat transfer - .
length (17 in,) and one-half of cach tapered end section (4% in.).
The choice of this length is somewhat arbitrary, since the mechanism
and rate of heat traansfer 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 tapered fluted heoater ends, The
prediction as given herein is, however, a conscrvative 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 mcan temperature differences,

*Tiz0 is substituted for Tl in the first toerm on the right-hand side
of equation (27) of reference 1, In reference 1, T, coincided with
Tiso, Put this was not thc case in thesc tests, espccially on the

exhaust gas side,
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The predicted non-isothermal pressure drops calculated from
the measurcd isothermal pressure drops comparc wcll with the meas-
ured non-isothermal values, as shown in figures 19 and 20,

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

The thermal and pressure-drnp data obtaincd in the tosts of the
Aircsearch hecat exchanger are contained in tables I and II Corre=
sponding data from the tests made on the Solar heat exchangcr are
included in tables III and IV,

Results on folar Heat Exchanger Tests

Becausc, during the tests on the Solar heater a part of the

mixing chamber became discngaged, the single measurement of the

exhaust gas tempcrature at the conter of the duct was inadequate
for “the determination of the mixed mean temperature at the cntrance
to the heater, Previous to the disengaging of the mixing chamber
the exhaust gas inlet temperaturc was quite uniform. The marked
change in the heat balance ratio qL/qa sec table IIT), is
traccable to this fact, For runs numbers 17 to 24 the exhaust

gas temperature Tg was calculated from Tg and the equation
1 2

9 = da in order to determine the over-all conductance UA and to
&
calculate the non-isothcrmal pressure drop correction,

In figure 22 the valucs of the over-sll conductance UA deter-
mined from laboratory mcasurements are compared with the values
predicted by means of equation (4) and chart B of roference 1. The
heat transfer length L was taken to be 15+ inches, which is the sum
of the full-fluted length (11 inchcs) and one-half of each tapcred
end section (4% inches). As in the prediction of the previous
heater the choice of this length was somewhat arbitrary btut is one
which yields a conservative valuo of the over-all thormal conductance,
The predicted values of UA are up to 20 pcrecent lower than those de-
rived from the mcasurements,

Because 1t was not possible to install the static pressurc taps
on the exhaust gas side immediately before and after the heating
section owing to the presence of the close-fitting air shroud, the
measurcd isothcrmal pressure drop APTiso was more than that due to
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friction alone - that is, it included cxpansion and contraction
losses., However, only the isothermal pressure drop due to fric-
tion should be substituted for PTiso and multiplied by(iTa \3.13

tiso
in equation (6). The expansion and contraction losses included
in the measured valuo of‘APmiso are not the same function of the
fluid tempersturcs as the losscs due to friction; thus the pre-
dicted magnitude of the non-isothcrmal pressure drop is slightly
in error. (Sce fig. 23.)

On the ventllatlng air side of the Solar heater the grecter
portion of the pressure drop occurred in the converging and
diverging scctions placed bofore and after the heated suction; so
the above-mentioned calculation was not at all accurate,

Yhen the pressure drops due to causcs other than friction
are acourat[ly calculated and subtracted rrom the total measured
isothermal pressurc drop, the additiohal pressurc drop due to the
hoating of the fluid can be, prodicted from equation (€). 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 dbout 3000 pounds per hour the
velocity distribution of the air &round the periphory of the
Solar air shroud at the entrance to the heater section was uniform
for about 60 percent of the perimeter. Along onc portion of the
shroud ths velocity diminished, However, at a ventilating air
rate of 6000 pounds pcr hour the velocity distribution was uniform
(£10 percent) around the entire shroud,

The measurements of surface temperatures arc considered to be
slightly low duc to conduction of heat along the porcelain-
insulated thormocouplc wires, S

Comparison of Airesearch and 3Jolar lleat Exchanger Performance

The average thermal resistances 1 and/ 1
"cA \ch)P-“
for the air and gas sides, resncctively, arc equal as determined
from chart B of roference 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 incicate a
proper distribution of thermal reeictaﬂce for the optimum rate of
heat transfer at a usual operating flow ratio. However, in some
heaters it may be advantageoous to proportion the thermal rosiste
ancss in order to yield a safe operoting temperature of the
heater metal, :

The heat transfer rate for the Aircsearch heater is about
85 percent greater than that for the Solar unit mainly because
of the larger hcat transfer arca of the fermer (ratio of arcas,
2,25:1),

At an exhaust gas flow of 7000 pounds por hour and a venti-
lating air flow of 5000 pounds per hotr the thermal output of the
Liresearch heater was about 320,000 Btu per hour and that of tho
Solar vas approximately 170,000 Blu per hour (ratio = 1.9), At
these same weight rates the non-isothermal pressurc drop on the
air side was 50 percent greatoer nnd on the sas side 25 percent
greator for the Adresearch than for tl'c Solar uwnit., Thoe iso-
thermal pressure drop for both the air and gas sides was about
33 percent greater for the Airescarch hoator than for the Solar
heater. A satisfactory correlation of the pressure drovp and
heat transfer results should not be expected, especially on the
air side of +these heaters, becauss of the inclusion of inlet and
outlet duct pressure drops, -

It may be seen from figures 17, 18, 21, and 22 that tho
change in the thermal output q, aund the corresponding over-all
thermel conductance Ui with increasing 5uu and air rates is
greater for the Airescarch hcater than for the Solar heator.

For fixcd magnitudes of gas and air weight rates the corrcs pond-
ing weight rates per unit arca G are 1arﬂar in the case of the
Solar hcater since the cross-scctional areas on the air and Zos
sides are smaller. Sinec the unit thermal conductances fo on
both sides of the hcaters are functions of the 0,8 power of

the increcasc in the magnitude of f, with an increasc in G is
less at higher valucs of G - that 1s, Fot  GO%8; so

df 1

————— s

dG GOe2

CONCLUSION

1, At an cxhaust gas flow rate of 7000 pounds por hour



15

ond a ventilating air flow ratc of 5000 pounds por hour, 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 pér'hour.
The heat transfer arca of the Airescarch heat exchanger is about
2,25 times as great as that of the 3Solar heater, and this

difforence largely accounts for the greater thermal output

of the Airesearch hsat exchanger, '

2. The thermal performance of the Airesearch and Solar
fluted-typc heat exchangers can be vstimated to within 20 por-
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 pressurc drop duc to friction can
be closely estimated from isothermal vaelucs measured across
the hcating scetion, S

4. TWithin the usual operating range of flow ratios, the
thormal rosistances on the ghs and air sides of both heaters
previously mentioned are evenly proportioned.

University of California,
Berkeley, Calif,
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TABLE II
AIRESEARCH FLUTED-TYPE HEATER
Pressure Drop Data
Measured Predicted |Measured
isothermal | non- non-
Run W G pressure isothermal| isothermal| T, T2 T,
[No. 5 drop2 pressure |pressure
1bs/hr | 1bs/hr £t BFr.is0 drop dro °r OR °r
' lbs/ft2 AP A
(T1o=560°R) | 1be/ft? | 1bs/ft?
Air Side
16 3080 17,980 31l.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
10 . 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 | 8650 | 32,100 | 16,60 | 54,0 5540 1901 | 1748 | 1824
"2 These .en"qries are taken from plot of APa VSe -Wa
or °A Pg VS, Wg since actual isothermal measurements were
at slightly different fluid rates.,
1113 2
‘ Ta G T,
P = A P - -\ 6
AY S Tise \Tiso T (8)
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TABLE IV 19
SOLAR FLUTED TYPE HEATER
Pressure Drop Data
Measured Predicted | Measured
. isothermal |non- non=-
Run w G pressure isothermal | isothormal Tt" T, L
No, g € 5 dr-of})aL pressure pressure
1bs/hr| 1bs/hoft AP drop drop OR °r °Rr
1bs/f't AP OP
(T ,,=556°R) 1bs/ft2 1bs/ft2
Exhaust Gas Side
10 | 5190 | 26,700 5,2 -15.7 15.8 1820 | 1742 | 1781
14 6620 | 34,100 8.0 23.7 26,0 1816 | 1742 | 1779
20 7740 | 39,500 10.5 3l.1 36.1 1880 | 1789 | 1835
22 8500 | 43,800 12.3 37.8 42,6 1807 {1733 | 1770
Air Side
Wa Ga
1bs/hr | 1bs /nr/et2 (T, ,"560°R)
1 3200 | 35,500 2542 -- - - - -
2 4300 | 47,800 44,9 -- - o | = | --
3 5330 | 59,300 67.0 -~ - -- - -
4| —6350—| 70;700—|—9050 -- - - -
9 3020 | 33,600 - - 30.2 559 | 736 | 657
15 4310 | 47,900 - - 5443 555 | 711 | 633
19 5300 | 58,800 - -~ 7746 557 | 696 | 626
12 6350 | 70,500 -- - 97.0 557 | 667 ] 612
T The entries are taken from plot of AP, vs, W, since actual isothermal
measurements were at slightly differen% gas rﬁtes. :
® 1, evaluated from T, and q, = %, for mns 20 and 22,
Ty \113 G
- L)+ o) e
AP AFT|SO (T‘so (3500)!. JA g! '
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Fig. 2

Figure 3.~ Photograph of heater test stand.
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Fig. 4

Figure 4.~ Photograph of data station and orifice meters.
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NACA Figs. 7, 10

Figure 10.— Photograph of Airesearch heater
and air shroud with outlet
header removed.
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NACA Figs. 11, 13

Figure 12.— Photograph of Airesearch heater in test stand.



NACA Figs. 14, 15, 16

Figure 14.-
Photograph
of Solar
heater

and air
shroud.

Figure 15.-
Photograph
of Solar
heater

in test
stand.

Figure 16.~
Photograph
of Solar
heater

in test
stand.




NACA . Fig, 17
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Figure 17.~. Thermal output of Airesearth fluted type exhaust gas-air heat
exchanger as a function of the ventilating 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.



NACA Fig. 19

+ Measured non-isothermal pressure drop
X Predicted non-isothermal pressure drop

- C Measured isothermal drop
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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.
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Figure 21 - Thermal output of Solar fluted type exhaust gas-air heater
as & function of ventilating air rate.
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Figure 22,- Overall conductance (UA) 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 & function
of exhaust gas rate.
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Figure 24,- Pressure drop on the air side of Solar heater as a Iunctlon ‘
of ventllatlng eir rate.
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