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AN INVESTIGATION OF AIRCRAFT HEATERS
XXIII — MEASURED AND PREDICTED PERFORMANCE OF A FLAT-
PLATE TYPE EXHEAUST GAS AND AIR HEAT EXCHANGER

By L, M, E, Boelter,kK A, G, OGuibers,
J. M, Rademacher, and V, D, Sanders

SUMMARY

Results of tests of the thermal performance and the static
pressure drop characteristics of a flat—plate type exhaust gas
and air heat exchanger are presented, The ventilating air
shroud bduilt into this heat exchanger gives characteristics of
cross flow and parallel flow,

The range of the exhaust gac weight rates used in tests
for the determination of the heat transfer rates was from
about 1700 1lb/hr to about 520C 1b/hr, The temperature of the
exhaust gas was maintained at approximately 1600° F,

Static pressure drop measurements were made across both
sides of the heat exchanger under isothermal and non—isothermal
conditions, Heater surface temperatures at the entrance and
exit of the heat exchanger were recorded,

Predictions of the thermal outputs and pressure drops are
compared with the experimentally determined values,

INTRODUCTION

An investigation of the performance characteristics of
this flat—plate heat exchanger, designed for use in the exhaust
gas streams of aircraft engines for cabin heating systecms and
for wing and tail surface anti-icing systems was undertaken,
using the large test stand of the Mechanical Engineering labo-—
ratories of the University of California,
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The following data were obtained:
1, Wecight rates of exhaust gas and ventilating air

2, Temperaturces of the exhaust gas and ventilating
air at the inlet and outlet of the heat ex—
changer

3., Static pressure drops across both sides of the
heat exchanger under isothermal and non—
isothermal conditions

4, Surface temperatures of the heat exchanger at
the inlet and outlet of the ventilating air
side of the heat exchanger

This investigation, part of a research program conducted
on aircraft heat exchangers at the University of California,
was sponsored by and conducted with the financial assistance
of the National Advisory Committee for Aeronautics,

SYMBOLS

A area of heat transfer, ft°

Ae area of heat transfer of "equivalent!" cylindrical
ends (see fig, la) of fluid passages on either
side of the heater, ft2

Ap area of heat transfer of flat plate section of fluid
passages on either air or gas side of heater, ft?

Ay cross—sectional area of flow for either fluid measured
within heater, ft=° )

A cross—sectional area of flow at inlet pressure measur—
ing station, ft®

A, cross—sectional area of flow at outlet pressure measur—
ing station, ft=

D hydraulic diameter, ft

Dy diameter of equivalent cylindrical ends of fluid

passage on either side of heater, ft
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unit thermal convective conductance (average with
length), Btu/hr ft2 OF

unit thermal convective conductance of fluid flowing
over equivalent cylindrical ends on either air or
gas side of heater (average with length), Btu/hr
fae 0p

unit thermal convective conductance of fluid flowing
over flat plate section of passages on either side
of heater (average with length), Btu/hr ft2 °p

thermal convective conductance of either fluid,
Btu/hr °F

tube arrangement modulus for in-line tube banks
gravitational force per unit of mass, 1b/(1lb sec®/ft)
weight rate of fluid per unit of area, 1lb/hr ft®

weight rate of fluid per unit of area, based on minimum
area, lb/hr ft%

isothermal head loss coefficient defined by equation
2
LF hag'

= K =2
i { 2g

length of a duct measured from entrance, ft
ratio of cross—s
s

of fluid pas
passage

e
a

ctional area of flow before expansion
ge to that after expansion of fluid
votted perimeter of a duct, ft

measured rate of enthalpy change of either fluid,
Btu/hr or k Btu/hr (1000 Btu/hr)

arithmetic average mixed-mean absolute temperature

of fiuld, " radi 8 189
mixed—-mean absolute temperature of the fluid, °R
arithmetic average of the absolute temperature of the

surface and of the absolute mixed-mcan temperature
of the fluid, °R




NACA ARR No, bAl2 4

Ti:o mixed-mean absolute temperature of the fluid for the
K isothermal pressure drop tests, °R
o mcan velocity of fluid within fluid passage, ft/sec
U over—all unit thermal conductance, Btu/hr ft2 OF
UA over—all thermal conductance, Btu/hr OF
W weight rate of fluid, 1b/hr
Y weight density of fluid, 1b/ft3
5 / 2
AP static pressure drop, 1lb/ft
AP static pressure drop, in, H,O
AT*n mean temperature difference for parallel flow of
44 o
i fluids, °F
d isothermal friction factor defined by cquation
\ . 1 2
LPfric _ 1 Ym
o D 2¢g
T mixed-mean temperature of fluid, °F
Subscripts
a ventilating air side
b bends (APb, Ky,)
c convective conductance (f_ , etec,) and also sudden
contraction (AP,, K,)
e equivalent cylindrical ends of passages (on fce)
i flat plate section of passages on either side of
heater (Ap, f_ ,) and also fluid "film" (Tg)
£ exhaust gas side
h heater (Ap)
n nean values at any scction of the heater (uy)
0 maxinun values (GO) and also outer diameter of a

cylinder (D )
.
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[9)]

P parallecl flow

av arithmetic average (7,.)

exp sudden expansion (APgxyp, Kexp)
friic friction

iso isothermal conrnditions

non—iso non—isothermal conditions
:! point 1, entrance section

2 point 2, exit section

DESCRIPTION OF HZATER AND TESTING PROCEDURE

The flat—plate heater tested is a2 parallel—-flow unit
with a total of twenty alternate exhaust gns and ventilating
air passages, At the entrance and exit of the ventilating
alr side, characteristics of crossflow prevail, (See photo—
graphs, fig, 2 to 4, diagrammatic sketch of fig, 1, and also
cut—away view of heater in fig, la,) The diagrammatic sketch
in figure 1 gives all pertinent dimensions and the approximate
location of the thermocouples used for determining the surface
temperatures, A schematic diagram of the test setup for this
heat exchanger, showing the distances from all temperature and
pressure measuring stations, is prescnted in figure 1b,

The ventilating air shroud,which is part of the unit,
conveys the ventilating air dlagonally across the exhaust
gas side at the entrance and exit; but, for the purposes of
this report, the flow characteristics will be considered as
those for parallel flow of the fluids,

METHOD OF ANALYSIS
Heat Transfer
The evaluation of the thermal output of the heat ex—

changer from the experimental data was determined in the usual
manner (see any previous heat exchanger report of this series),
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The results and data are compiled in table I, The over—all
thermal conductance UA 1is based upon the equation:

a, = (UA) ATy, (1)

where AT ig the mean temperature difference for parallel-
flow of the fluids, It was determined from figure 29 of ref-
erence 1,

Prediction of the over—all thermal conductance of the
heat exchanger was attempted, The heat flow was considered
as occurring through the flat plates separating the fluid
passages and through equivalent cylindrical surfaces at the
cdges of the ductlike passages over which one fluid flows
diagonally with respect to the fluid flowing within the
passage,

The equation used to determine the unit thermal conduct—
ances of the fluids within the passages of the heater (refer—

ence 2) is:

0,8

— o,3 G D
far = B4 % 1074 P 0" == {1+ 1,1 2 {2)
i DO. = 1/
where
va average temperature of fluid
1 mean length of passage (in the entrance length correction
factor, see reference 3)

The equation used to determine the unit thermal conduct—
ance of the fluid flowing over the equivalent cylindrical
edges (equation (29), reference 1) is:

0,86
0.43 G
= — 4 = °
fos = 14,8 X 07 1, T» e (3)
0
where
Go maximum weight rate of fluid per unit of arca for flow

past tube banks
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=1

D diameter of cylindrical edges

arrangement modulus for in-line tube Dbanks (Fa= oL
for l row of tubes)

The use of equation (3) means that the unit thermal cconduct-
anceover the equlval‘ nt ecylindrical lcading and tralling edges
of the flat plates has becn postulated to be the same as that
over the tubes of a gingle—row tube bank,

The unit thermal conductances obtained using equations (2)
and: (3) arc employed for calculation of the thermal conductances
ch over the cquivalent cylindrical edges and also over the flat
plate section of the heater, The equation used for calculating
the over—all thermal conductance (see reference 1, equation
(46)) was:

Ua = (4)

o T, SRR 15
feh ) ch/p

Equation (4) therefore was u~ed tc obtain the over—-all
thermal conductaonces over the equivalent cylindrical leading
and trailing surfaces both on the air side, where the venti-
loting air flows over the and also on the gas side, where
the exhaust gas flows over similar surfaces he predicted
total over—all thermal conductance was computed as being the

v
sum of the over—all thermal conductances over the cylindrical

leading and trailing cdges and cver the flat plato section of

= TA
(UA>total (TA)

1 thermal

The predicted and measured values of the tctal
-y s the ven-~

conductance are pre scnt d in fig
tilating air rate,

)
[ J
1o
o]
=

Sample Calculs

Predict the over-—all thernal conductance UA of the flat
plate heat exchanger at an cxhaust gas weight rate of 2960 1b/
hr and a ventilating oir weight rate of 4000 1b/hr, The inlet
temperatures of the exhaust gas an i ventilating air are 1600°
and 100° P, respectively,
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1, Thermal conductance on the ventilating

air si

=

a3

= = e e =

(a) Flat plate section

0.8 g°*°® [

D)

f . =5,4 x 10°% e WL B (2)

e av Dc.g \

g

Estimate the average tempcrature of the air side

fluid to be about 2500 F (710° R),

= (0]

. = 710° B

¢ =¥ - 4000 . 15 000 1b/nr fi2
L 0,222

D = = = 0,0522
P 1%. 0
‘:l‘r
1 = 0,834 €%
522
<} T L3 <} % ok 9;9___\\= 1
1 0.834 /
— 4 2820
for = B4 % 10 “x7.17 X PRy % X

]

18,7 Btu/hr ft2 °p

Flat plate heat transfer area, Ay

1

0
(fopdg), = 372 Btu/hr F

then

<T—l-—\ = 0,00269

fcfAf/a

T =4, A0
8
¢°*" = oroo
Q. 2
D = 0,553
, 06
06
= 19,9
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(b) Cylindrical leading and trailing edges

046
, G
£ = JALE X LY R, BN LA, (3)
ce & it D 0,4
(0]

F, = tube arrangement modulus=1 (single row of tubes
Estimate surface temperature of the cylindrical
edges of the heater plates to be about 660° F (for
the cylindrical edges with ventilating air flowing
over them),

(660+ 250)

T, = + 460 = 915° R Tp0+%% = 18,8
2
G, = 6 = 18,000 1b/hr ¢°<® = 357
D, = 0,0356 ft D= 0, 56€
f =14,56x 10" *x 18,8x —227_= 36,6 Btu/hr £t2 OF
o 0,266

Heat transfer area of cylindrical edges, Aeg = 0,48 25"

(T b )

- = 1 on
cotglg ™ 176 Btu/hr O3

then

L

\'

£ A /
A

cee”s

o

Thermal conductance on the exhaust gas side:

(a) Flat plate section

0
= O S G
fcf = 5,4 X 10 T ——— (l + lo1 (2)

L 0,2

-t
PR




(b)

NACA ARR

No. 5AlR 10

Estimate the average temperature of the gas side
fluid to be about 1400° F (1860° R)
= (o] Ol S
Tav - 1860 R Tav - 9.57
e =¥ - 2960 _ 314 900 1b/nr 2t® 6% ® = 2200
A 0.199
p=&L s £ERa10S 09,0860 £ D% = Disel
P, 14,2
o3 B0 e
=
(14—1,12\==<1+ 1J.3¢¥§>= . 05
1 1430
: (2200)
forp = 5,4 x 107% (9,57) ————-—= (1,05)
i ( ) {o.561)
© 2%, 0 Bty bhr £5° °F
Flat plate heat transfer area, 4s = 19,9
(£,p4g) , = 418 Btu/hr "y
1 = o
——— = 0,00239
LY
i I =
i £
Cylindrical leading and trailing edges
= et = O, 45 GOQ.6 -
fCCs = 14,5 X 10 7, Tf 5—6_:—4 (3)
]
Fq = tube arrangement modulus=1 (single row of tubes)
Estimnte surface temperature of the cylindrical edges
of the heater plates to be about 1000° F (for the
cylindrical edges with exhaust gas flowing over them),
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m, = {2000 : 1400) 4+ 460 = 1660° R 17,%.%3 - 24,32
e . gl
Gy = G = 14,900 1b/hr ft G, = 320
- 0'4 oo
Do = 0,0B60 £t Do = 0,315
f 14,5 x 10 (24.2) Sk 36,7 Btujhy fi® Op
= =0 i St A IS o £ £
ce (0,319
Hecat transfer area of cylindrical edges, Ag= 0,48
a Btu/hr OF
(fcaAe)g = 17,1 Btu/hr "3
<7_27;> = 0.0585
*ge™e .
3. QOver—all thermal conductances:
(2a) Flate plate section
-‘C“
UA = ; = 1 = 197 _E_%_
g 1% 0.00269 + 0, 00239 hr “F
( = \ -*-(I ~ |
\fcrhs/  Norhp/
a g
(b) Cylindrical ends (ventilating air flowing over the
ends)
= 1 = - g 6.4 —ﬁ&—
/1 N / 1 ) 0,0869+ 0,0992 hr °F
Loaky: foAc/
o g
(c) Cylindrical ends (exhaust gas flowing over the ends)
UA = 1 " ! & 55 JBEu
’ 0,111+ @, 0585 hr OF
<___-L_\ I ABIE N R
fcfAe/ fccA;/
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1l

UA A 72
(Ua) (UA) £ (Ua) o

total plates

197 + 6,4 + 5,8 = 209 Btu/hr °F
UA (calculated from measured q,) = 269 Btu/hr Y@
Percentage deviation = 22 percent
Pressure Drop
Isothermal pressure drop.,— The isothermal static pressure

drop on the ventilating air side of the heater was predicted,
using the following ideal system, which is approximated by

! < |

the actual system:

(a) Sudden contraction at the entrance to the heater
section

AP u;rz 3 :
—£ = &, —;E— (K, = 0,22) (5)
L2

where up 1s the mean velocity of flow after contraction
has occurred and K, 1is a head loss coefficient for sudden
contraction obtained from reference 4

(b) Bend loss within the heater (near the air inlet)
¢ ventilating air turns through approximately 80°

AP 2
"Vb = Ky Egr (B = 0,B1) (6)

(See figs, 5 and 6 of reference 4,)

rictional press

o
4
N

e
Q
§ ~
b

drop within the heater passages

given by the equation
éfir..j.:_c. = ¢ _1_ Eﬂ: (7)
Y D 2¢

where § is the friction factor for commercial pipe,
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the h
tha

(d) Bend loss within
as the ventilating air again

(See figs, 5 and 6 of reference

(e) Sudden expansion as the

heater section and enters the e
SFexp _ g

i
where Xegxp 1s a head loss coe
of the fluid passage,. It is de

03 2
KGXP - (l_ m) .

The summation of the foreg
the predicted magnitude of the
drop, The deviation of the pre
values was about 15 percent, m
sure drops are plotted in figur

lating air weight rate,

The isothermal static pres
side of the heﬂt exchanger was p
similar ideal system, This sys

contraction,
(4) friction
heater pa
heater pa
expansion,
of the air
and (8)) were

of the respecti

sudden expansi
ses as the exha
(5) sudden expa

(6) sudden con
basic equations
static pressur
gain used tﬂ‘utb
ive head loss

(2)
los

O

5S8a¢g

a
(>

PN
e ®)

n 4+

ation the prece
the predicted val
pressure drop across the exhaust
of the predicted values
drops was about 40 percent,

The summ of

conslidered

a

I3}
A S

pressure drops and also of the
of the exhaust gas weight rate
The data for this plot are foun

from the
A plot of both the measured
predicted values

13 |

eater (near the air outlet)
rns through approximately 80°
LTS SR (6)
2g e

4,)

ventilating alr leaves the
it duyct,

X

(8)

fficient for sudden expansion

termined from the equation

S

sure drops was then
ting air side pressure
values from the measured
gdicted and measured pres—
a function of the venti-

sure drop on the exXhaust gas
redicted on the baclo ot B
tem consisted of (1) sudden

on, (%) sudden contraction,

st gas flowed through the '
nsion as the gas left the

traction, and (7) sudden

applicd to the calculation

drop (equations (5), (7),
er with appropriate values

S

coefficients,

ding pressure drop terms was
ue of the isothermal static
gas side, The deviation

me static pressure

1Y

asured

as a function
ig presented in figure 8.
d in tahle IT-
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Over—all isothermal head loss cocfficients based on
the isothermal static pressure drops across either side of
t

<
AP _ y um? (2)
Y 2g

tion of the non—

Non—isothermal pressure drop,— Predi
cl

isothermal static pressure drop across her side of the
heat ecxchanger was attempted, using the isothermal static
pressure drop measurements according to the equation (see
reference 1, cquuntion (54)):
Tqv‘\l'ls
APnon——isc = 8Py 50 ;_-"/
wdge
2 A o :
w h s N\
+ [ L (== + 1 - = 1} (10)

o A o |
K36 OO ‘Ji';’Yl‘:L = :l“ / Tl }V_‘

where
APg o5 isothermal static pressure drop across heat exchanger
at temperature T, .
%7 180
* arithmetic average of T, ard T,, absolute mixed—
mean temperatures of the fluid at inlet and out—
let cnds of heat exchanger, respectively
Yy welght density of fluid evaluated at temperature T,
A, cross—sectional arca of flow at pressure—measuring
station (equal areas upstream and downstream)
The predictions were within 15 percent of the measured
values on the ventilating air side and within 20 percent of
the measured valuecs on the exhaust gas side, Both measured
and predicted values cof the non-isothermal static pressure
h

drop on eithspy sgide of the heat e
figures 7 and 8 as functions of the weight rate of fluid on
that sida,
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DISCUSSION

Heat Transfer

The deviation of the predicted values of the over—all
thermal conductance from the experimentally dectermined values
is on the average about 20 percent, Consideration of the
possible sources for discrepancy indicates that the more
obvious ones are (a) heat transfer by gaseous radiation to
the heater surfaces (see reference 5), (b) heat transfer by
radiation from the heater surfaces to the cooler walls of
the shroud and then by convection from walls of the shroud
to the ventilating air (a rough cstinmate of thigs type of
heat transfer could account for approximately 5 percent of
the discrepancy), (c) the indentations on the gas side which
formed the guide vanes on the air side probably increasead
the unit thermal conductance on the exhaust gas side, and
(4) the cross—flow characteristics of the shroud at the
entrance and exit of the ventilating air were disregarded
when the mean temperature differecnce for determination of
the experimental over—all thermal conductance was chosen as
that for parallel flow only,

U
(&)
o

Temperatures of the heater surfaces (s table I) were
neasured at several points on the ven tilhtln air side, three
at the inlect, and two at the outlet sections, Inspection of
the recorded teuperatures indicates that the highest tempera—
tures usually were found in the first two of the threce thormo—
couple stations, located at the entrance to the first two air
passages, Of the two thermocouples located at the outlets of
the V“Htilutiﬂﬂ alr passages, the one located in the passage

near the center gave higher teunperatures than those given by
the theruoccu)lo located at the end of the second passage
down from the top, The highest tenperature recorded by any
thermocouple was about 1390° P at the entrance and about
11256° F at the outlet of the ventilating air for an exhaust
gas inlet tenperature of 16000 F,

CJ

Pressure Drop

The accurate prediction of the isothermal static pres—
sure drop across either side of this heat exchanger is dif-
ficult because of the complexity of the passages (bends,
diagonal expansions in the gas s ide, diagonal flow of the
fluids over the leading and trailing ed&,s of the flat plate
passages),
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Isothermal head loss ccefficients (see equation 9) were
conputed for both sides of the heat exchanger, It was found
that the values of X on the exhaust gas side were about
80 percent greater than those on the ventilating air side,
which were about 2,5, Conmnparison of the values of X ob—
tained with previous heat exchangers shows that X for the
exhaust gas side is usually much lower than that for the
ventilating air side, (See references 6 to L

CONCLUSIONS

The thermal and fluid-dynanic perfornance of a flat-
plate tynpe exhaust gas and air heat exchanger are reported,
Methods of prediction of the heat transfer and pressure dromn

characteristics are presented, The agreement with experinental

valuas is usually within 25 percent,

~

University of California,

o

Berkeley, Calif,, July 1944,
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TABLE I- EXPERIMENTAL RESULTS ON A FLAT
PLATE - PARALLEL FLEOW - FYRE ‘HERT
EXCHANGER

=
>
O
>
>
el
5.0}
=z
2

o1
x>
no

] el ¥ = OVERALL
AIR SIDE EXHAUST GAS SIDE HEATER TEMPS. PERF ORMANCE |

Run | To, | Top |45 | W, A G, | 7, | 45| W, A %5, £ it gl ATy, UA
No. | F | F | F | %4 o F | F | F| % hitu s e flor \leeel | &4
23 | /02| 6/0 |508|/250 /58 /608 (/330 | 278 | /740 /32 ass /3/5 | /3/0 | /3/0 |EE0 | Gto /070 | /27
24 | /04| FE2| 378 | 2250 206 1608 |/265| 343 | /770 /65 a0 1255\ (225 /260|720 | 7ZEO /100 | /87
/7 | 97 | 363|266 |Ho00 258 1600 | //58 | FL2 | /760 2/2 282 RO\ /75| 1125 575 | S75 /30 | 228
/8 | 96 | 325 |229|5200 258 /1600\//2/ | 479 | /750 228 a7g JOES\ J/FS | fo75 | /0 | 455 /170 |\260
25 | 93| 644 | 60/ | f0o00 /46 [b6OF| /428| /76 | 2950 V1 098 /386|/377\/360|/032| /095 /070 | /36
26 | 93 | 54/ |48\ 2270 247 /595 /1347 248 | 2960 /82 0.74 1278\|/278\/269 | 795 | b2 /(30 | 2/8
/18 | 93 | 405\ 3/2 |H050 306 /59/ /256|335 | 25/0 266 a87 /95| 200 |50 | 645\ 665 /40| 269
20 | 95 | 366 |27/ |s060 332 /586|/227| 359 | 28540 277 083 60| (/55 /0 | 575 | 6oo W50 | 289
27 | J6 698 |60z |/000 /46 (604L /464 | /#O | 35/0 /36 092 1394/ 356 | /381 | T8 (125 Woo | /33
28 | 95 | 564 (469 2250 259 /600\|/356 | 2/4 | 3550 Z/Z2 082 1269\/278\ 1282|799 | 597 /30 |\ 229
2/ | 97 | 439|342 |Looo 33/ /6/0 |/3/2 | 298 | 3520 286 286 12258\ /245\ /75 | 720 | 770 V70 | 2583
22 | 97 | 389 |r92|5060 LT | — | 3470 = = = = P = = = =
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TABLE II

ISOTHERMAL STATIC PRESSURE DROP

W AP AP

a
Run (pred,) (meas, ) K

(1b/hr) (3o, B.0) (io, B 0)
Ventilating Air Side
57 1020 Y5.18 0.24 3,8
58 1390 i .42 ShiD
59 1970 .62 .75 .1
51 2130 .72 . 86 8.4
52 4100 2,81 2.64 2.5
53 5850 4,95 4,52 2.3
Exhaust Gas Side

55 2380 0,97 1,88 4,2
60 3490 1,97 3,67 3.9
48 3510 2,02 3,94 4,2
56 4100 2,70 4,82 3,7
49 , 4920 3,90 7,37 4,0
61 4950 3,92 6.96 2y
62 6450 6.55 11,7 3,7
50 6460 6.55 12,4 3.5
63 8120 16,8 18,3 3.6
51 8340 10,7 20,5 3,8

aThe values of K are based on equation

NP u

pgR R, B T

A 2g
where AP = 5,19 AP" 1b/ £t

meas,?

PThe values of AP" are interpolated from the

pred,
curvie SEotN il os SR andi g

19
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TABLE III

NON—-ISOTHERMAL STATIC PRESSURE DROP

20

L Tl Tz Tav AP”iso AP"non—iso
Run Measured Predicted@
Cabfied. | (OB, L €°RY ) (ORY e, B 0) [ (Y. JELORHN 0 ot
VentilatingAir Side
65 1050 565N N5E BS 7 Qs 2eh 0,66 0,49
66 115310 564 | 1083 824 .48 I, THE .39
BT 2660 566 975 770 1,24 2. 26 202
68 3900 561 915 738 2,35 4,25 3,89
Exhaust Gas Side
24 770 2065 | 1725 | 1895 15802 E5RIG2 3.80
26 2960 2055 ["1g07 | 1931 oy 1o 13,7 10,8
i 3490 2060 | 1840 | 1950 s T LR G 14,5
"Predicted values are based on equation (10)
Tav Sl
APnon—-iso i APiso <§_ )
iso

>
+
<.3 600

o)

ik

ZngAh2

i

G-

(10)



NACA ARR No. 5412

Fig. 1
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NACA ARR No. 5Al2 Figs. 2,3,4

Figure 2.- Photograph of flat
plate heat exchan-
ger with parallel-flow shroud.

L

Figure 3.- Photograph of the
inlet end of the

exhaust-gas passage of the

flat plate heat exchanger.

Figure 4.- Photograph of the

outlet end of
ventilating-air passage of
the flat plate heat exchan-
ger.

N2
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NACA ARR No. HAl2 Fig. 5
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Figure 5,- Thermal output of a flat plate parallel flow type heat exw
changer, as a function of the ventilating air rate.
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Figure 6.- Overall thermal conductance of a flat plate parallel flow type
heat exchanger, as a function of ventilating air rate.




NACA ARR No. 5412 Fig. 7
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Figure 7.- Static pressure drop across the air side of a flat plate parallel
flow type heat exchanger, as a function of ventilating air rate.
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Figure 8.~ Static pressure drop across a flat plate parallel flow type

heat exchanger, as a function of exhaust gas rate.



