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<+ AN INVESPIGATION OF AIRCRAFT ﬁEATﬁBS _‘

XII - PERFORMANCE OF A .FORMED-PLATE CROSSFLOW
EXHAUST GAS AND AIR HEAT EXCHANGER

By L. M. K. Boelter, H. @. Dennisos,
A. G. Guibert, and E. H. .Morrin

Y

SUMKARY

Performance data on a Trane -exhaust gas and air heat
exchanger are presented. Heat transfer rates were measg-
tired using exheust gas rates ranging from 4560 1b/hr to
7000 1b/hr and ventllating-air rates from 2200 lb/hr to
4750 lb/hr. The 1nlet exhsust gas temperature was main- .
tained at approximately 1400° P; whereas the inlet temper-
ature of the ventilating alr was about 96° ¥. Pressure
drop measurements were made across the exhaust- gas side
eand across the ventilating eir gside of the heat exchanger
under isothermal and non-isothermal conditions. In addi-
tion, isothermal,pressure drops across the inlet and
outlet air ducts alone wsre measured.

The maximum measured rate  of heat trensfer was
369,000 Btu/hr with naximum static pressure drops of 18.8
.incnes of water and 13.9 irches of water on the pxhausgt
g€es and ventilating air gideg of the heat exchanger,
respectively. .

"The .meagured the:mai ouﬁﬁuta and the stdtic pressure
drops. are compared with predicted magnitudes.

: Iﬂmnonucmion LT

The heater was tested on-the large test stand in the
Mechanical Engineering lLaboratories of the Universlty of
Celifornia. (§ee photograph (fig. 1) and a description of

-thig test stand in referénce 1. ) This heater was designed

+ for use ipn the exhaust gas system of alrgraft engines for
the purpose of supplying heated eir to the cabin. thé wing,
and the tail surfaees. - . v




The following data were obtained'

1. Weizht rates .of exhaust gAs and ventilatine air
through the two aidPs of the heat exchrnger-

2. rl1emneratures of ventilating air and of "exhhust’
gas at entrance and exit of the heater

3. Tempm=araturesg. of  the heater gurfaceq.

4. Sgntic pressure drov measurements on the exhaust
res and ventilating alr sides of the heater
under both i1sothermal And non-isothermnl flov
conditions

5. Isothermal atatic nragsure .dron meagurements
" Rerass the alr inlet and outlet .ducts

DESCRIPTION OF THE"TRANE AZATZR AND bF mFE TESTING PRCCEDURE-

The tfmane heater is an-all-nrime-gurface crossflow
unit coneristing of alternate ventilating alr and exhaust
£n8 pAssages made from praformad sheets about’ 13& by 7&

inches. The pasaagea on the exhaust Fae side, 56 41n number.
are straight diamond—shane channels 133 inches in length,

On the ventilating air side, there are 1R zlgvag pasvages

of rectanpular crosa section and A length of 65 1nches

the sinuous nassages nf which conform to the contours of
the sxhaust gns mnassages. The sheets are mounted in a
frame of light angle 1ron, forminp a unit with over-all

dimensione of anrroximately 1u& by Sl by Sl inches.. A"

sketeh of the heat exchanger 1s shown in figure 7. Also,
photographs of th= heater are shown.ip figures 2 to U,

The inlet duct of the alr shroud cortained vanes arrsnged
to digtribute the flow nf verntilating nir across the heater,

The welght rates of exh&uﬁt-pas:apd vegpilﬁtinp-njr
warc obtained by means of calibrated sanare-edgee orifices..

The exhaust 2as temperatures were’ mensured ‘at the
inlet and outlet of the heater bv means of shlelded trav-
erslng thermocouples. Unshielded travprsinr thermocounles

ware used to memsure the temmerature of the ventilnting
Alr,
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A mixing device was used at the exit of the natural-
fag furnace to im rove the temperature distridbution at.
the entrance to the heater. The temverature distributions
(in deg. F)-vwere as follows:

Exhaust gaslinlet #7 mercent of complete uniformity
Exhaust ras outlet *2 percent of commlete uniformity

Ventilating alr outlet il% percent of complete uni-
formity

Ventilating air inlet {complete uniformity)

The traversing thermocounles were installed at the
following volnts:

Exhaust gss 1nlet temperature traverse ~ 15 inches
upst-eam from hesater

Exhaust rrs outlet temmerature traverse - zh% 1nches
downstream from heater

Ventilating air inlet temnerature traverse -
7 inches umstream from heater

Ventllating air outlaet temmerature traverse -
34 inches dovwnstream from heater

The heat lcss to the surroundinss was reduced to a
negligible amount by wravnning the ducts And the heater
with ssbestos sheets.

Temporatures of the heater surfaces were measured at
six roints, three on each side (ventilating alr inlet and
outlet sides) of the heater. (See figs., 2 and 3.)

Statlec presgssurs 4dron meagurementse were made acroes
the ventlilating air and exhaust gas sides of the heatsar.
Two taps, 180° anart, were installed At sach pressure-
measuring station. The pressure tams on the 8-inch exhaust

gas ducts were placed 5% Inches upstream and 7 inches cown-

stream from the heat transfer section of the heater; whereo-
as those on the ventllating alr slide tvere placed 1n a 5-
inch duct 11% inches upstream .and 14 inches downstream from

the alr shroud omenings,




Isothermal statle pressure drov measuremcnts scross

the alr 1nlet and outlet ducts alone wore made by separat-
ing, these ducts by a "spacer" equivAlent to the heater
vidth, 2o that the ducts wera in positions corres-onding
to those for measuremenLts across the ducts and the heater.
The pressure droy in the "spacer" was computed and found
to te neglizitly small.

SYMBOLS
aren of heat transfer, fta

total créss-aectional area of the passages on the
ventilating air side of the heater, ft2

total cross-cectionsal arca of the bpassages on the
exhaust gas side of +he heatcr, ft2

cross~-scctlonnl aros pf'yhe inlet and outlet
exhaust gas ducts, f£t2

total cross-sectionsl arer at tha taperred enda of
the exhsust as naissapres, ft2

cross-sectional arsms of the ventilatins a2ir outlet
duct, ft2

heat capacity of air at constant pressure, Btu/lh OF

h~at cap..citr of exhrust gas at constant presrsurse,
Btu/1ldb °F

hvdravlic diametsr, ft
hydraulic diameter on vontilating alr side, ft
hydraulic diamnetsr on 2xhnust gas =~ids, £t

unit shermsal convoctive ccanductance (average with
length), Btu/ikr rt? or

unit trkermsl convectiv= conductance for the ventila-
ing air (averase with length), Btu/hr ft2 OF

wnit thermal convective conductance for the exhsust
gas (rverame with length), Ptu/hr f£:2 OF
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gravitational force per unit of mass, 1b/(1lb seca/ft)
welght rate per unit of area, 1b/nr £t8

welght rate _per unit of area for ventilating ailr,
1b/hr f£t8

weight rate per unit of area for exhauet gas, 1o/hr ft8

coefficient for lsothermal pressure drop due to
gradual contraction of fluids

coefficient for isothermal presiure drop due to
sudden contraction of fluids

length of flulid passages; also length of heat trans-
fer surface, ft

mepgured rate of enthalpy change of ventilating air,
Btu/hr

meagured rate of enthalpy ckange of exhaust gas, Btu/hr

aritbhmetlc average of three gurface temperature meag-
urements taken near the ventilating eir inlet, °F

arithmetlic average of three surface temperature mesp-
urements teken near the ventilating ailr outlet, op

arithmetic average mixed-mean abgsolute temperature of

T T
a, + =8
ventilating air = —2X 5-——1 + 460, °R
arithmetlc average mixed-mean absolute temperature of
T, + T
fluid = 148, ]

arithmetic average mixed-mean abgolute temperature of

. T + T
"exhaust gas = £1 7 fa 460, Or

mixed—-mean abgolute tegpqrature of fluid at entrance
section (point 1), 'R

mlixad-mean absolute temperature of fluid at exit
section (point 2), °R '



T, mixed-mean absolute temperature of fluid for isgo-
80 thermal pressure drop tests, °R :
Uy mean velocity of fluid at winimum cross-sectlional
area of fluld passages, ft/sec
147 over-all unit thermal conductance, Btu/hr ft2 °F

UA over-all thermal conductance, Btu/hr OF
v weight rate of fluid, 1b/hr

L welght rate of air, lb/hr

wg welght rate of exhaust gas, lb/hr
Y wolght density of fluid at entrance to heating
1 gsection (point 1), 1b/ft>

AP pressure drop along heater, 1b/fta

AP pressure drop along neater on ventllating air side,

1v/f48

AP' 1pressure drop along heater on ventilating air side,
inches Hy,0 -

APg pressure drop aelong heater on exhaust gas side, 1'b/fts

APlg pressure drop along heater on exhaust gas side,

inches HpO
8

APcontr igothermal pressure drop due to contraction, lb/ft
AP igothermal pressure drop along 1nget and outlet

duct ducts of the air ghroud, lo/ft

’ a

AP P isothermal pressure drop due to expansion, 1b/f%

e

APfric igsothermal pressure drop due to friction, 1b/ftB

AP igothermal prcesure drop alongaheater and ducts
Tig0 at temperature Tiso' 1b/7t
Ap L up®
giso igothermal friction factor defined by 5 = !1303 Ty
Atlm logarithmic mean temperature difference, OF



A'ra difference between mixed-mean temperatures of venti-
lating air at sections definei by points 1 and 2 =
T - Tg °F
&, a&' .
ATg difference between mized-mean temperatures of exhaust
' gas at sectlions defined by pointe 1 and 2 = '

T - T ’ oy
gl‘ [ S'E" "

1 viacoslty of fluid, 1% eec/ft

oo
LIS

T; mixed-mean temperature of ventilating air at’ entrance
1 sestion (point 1), °F -
Ta mixed-mean temperature of teﬁtilating alr at exit
a8 ° section (point 2), °F
T mlxed-mean temperatureoof exhaust gas at entrance.
€ section (point 1), "F
T mixed-mean temperature of exheust gas at exilt
&g section (point 2), °p
) f.D

Nu Hugsgselt number = =

. . M- e
Pr Prandtl number = _].:_P. 3600 g

G D

Re Reynolds number = —————-
3600 u g

METHOD OF ARALYSIS

Heat Transfer

The thermal outvhut of the heater tes determined by
the enthalpy change of the ventileting air:

in which Cp, VA& evaluated et'the:érithmetic average

ventilating air temperature as a good approximation. A

plot of a, againgt wa at constant .values 6f the exhaust

geg rate !g is gshown in figure 8.




‘On the exhaust g=s. side of .the hentor:

£

.-
W T3

UG = g ep(Tgy = Tga) . 0 7 (2)

L]
&
age exhrust (;ae tomperature. . - .

-Qﬁérew é . :Gas d*éltéﬁéd for air rt the arithmetic aver-

Tho meazured over-all thermal conductnnco UA was
_evaluated from the expresslon: .

(W)t .- (3)

The value of Aty - for crossflow.is chosgn as that

for counterflow and then multinlisd by a correction factor.
(Séo reforencc 2, p..14%7.) Inesmuch as this corroction

factor vas alvnys vwithin 1 prrcent of unltw, the Aty o

used in thesse eanlculatlons was ta%cn to he thet for coun-
torflow of tho fluids.

A nlot of TA as n function of the vertilating air
rate Wy at constant values of W, 1is shown in figure 9.

The thermal outvout of the heater for wvalues of Atlm

other than those used here may bo nredicted by determining
UA at thc corrospondinsz weisht ratos from figuro 9 and
using these magnitudes in équation (3).

The predicted rets of hoat trausfer plotted in figure
9 wvas calculated b means of tho equation

- 1 -
UA el il utebekeate il de Sl oo ()-I-)
G0N +'K -1
fcb’ ch .
vhore A :1s the hort. tr-nsfer arca, and the unit thermal
conductonces I, and fc », on theé ventiletlins alr nnd
a

exh:ust ~as sldes of theo heate}, rospectively, aro evalu-
ated from She follovwinz cequations:

. . . . 0.
£ . =.5 56 X -10—4-T 0.3986 E‘E__f (5)
Cq . -7 7 8 " p 0.8 ° - L.
! a8

and - . ' . -



“ ‘ . G 0.8 .
-4 _ O0.2986
fog = e.ae X 107" T, 556—.5 (8)

-
PRI - =

”jiere- D.1s the hydraulic diameter and the subscripts a

and - g - refer to “the wventilating air and exhaust gas sides,
respectively (8ee reference 3, equations (16) and (17),
for derivatiqn of equationa (5) and (6): ) K )

-2+- t , s Pressure Drop
... Meagurements of the stqtic pressure drops across the
air and gas pldes of the heatér were mdede under isothermal
and non-igothermal. conditions. A determination of the

preasure dropg across the alr inlet and outlet ducts alone

"under .isothermal conditions also was made. The igothermal

pregsure drop écross the heater alone APy, was deter-

mined by the difference between the measured drop across
both ducts and heater APT1 and that across the ducts
80

‘alone APduct'

These data were embloyed to evaluate the isothermal
friction ‘factor ;150 for the air gide of the heater by

means of the expressions

APTiso - BPauct = BPpyr = BPgonty +'4Pfrict + APexp (7)
.fhe contraction loss is obtained from
8
= Um
AP oontr =K 7 28 (8)

. . K

in which u, 1is the mean velocity in the alr passages of

"‘the heater and 7Y 1ig the unit welght of the air, evaluated

L

at Tyg0" ‘Thé magnitude of K, was obtained from refer-
ence 4 or reference b (K, = 0.30).

! The frictional pressure drop is evalusted from

o

; .'_- : Iv‘IJ.B- )
APfrict = !iso E'Ei? . (9)




(and theo nxpanainn Togs " i# obtainoc f;op

.--.—-_.

i . -
APgyp = ¥ -2- ( 1 - 52') (10)
2g A

- o v . ' . b
. . -

s Zan e p U TREP N a8 P -
where AL 1f the pr§se-sec£i5na1 area of tho'ailr side pf
tho hoater and’ ‘Ag_\is tha crpss-sectiohal area of the
outlet air duct. Thus giso e obtnined from

- T - . -

APpg up® [ ( 5 x;) - '.I'_-J
_____ = ol 1 - .2 + X + = 11
R SRR ngHL':' ' Aw/ :c:““%;sp'nh. (1)

j: Ma{nitudes of _!iso: e&diu!ﬁei'from'thih esauation -

a2 givcn in tahLe LI.':;_

S For *hd gag sidg. tho measurod isotnormal static’
s-pTrossure dr01 APTi . :vas thau across the heater alone°
so

so APpiy = APTiso' The gas passages were slightly

tapored on occh end so that the 1sothermal prossure dron
aonsistcd o the foIloviﬁg five torms"

a) A suddon contraction frqm gas inlet duct to
entrance end of gas vpassages

.Y A graduai centraction alon# tavored. cntrance to
' passagos u® to point  of minimum cross-
soectlonnl arca

c) The frictional pressure drop %hréﬁgh center sec-

tion of passages at minimum cross-sectional area

a) A gragual éxpaﬁsioh ﬁt:tnperbd ends of passages

-.8) A .sudden expansion from end of passagos into gas-
outlet duct

Tho expression for the isothormal pressure drop due to

thesc five torms 1s then written in a farm similar to
equations (7) and (11)

teyr . 2e? (4 ) SOLPLTO DL ol -(39"]

(9T -G o
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“rn—which X, = O. 14, the coefficient for sudden contrac-—
tion, is obtained from reference 4 or reference 5; K = O, ok,
tho coefficlent for gradual; contractlon also 1is obtained
~ from reference % or referends. 5; (1 = ns = 0,25, the coef=-
ficlent for gradual expansion, is obtained from reference 6;
and the last term on the right.alde of equation<(l2) ie the
s o igAMe (&8 eduatfor (10), for sudien exvansion lesses,’” Tho
. .oross-~eddtional area Al is ‘that of .the Inlet and .outlet
ﬂ!h&nﬁt g&e &uots, }a is tpa total .area -at. the eﬁde of
the-gas passagee, and A, ks :the min‘mum area at’ the centﬂr

oI }ha paesages-which is7.4he* total oroes sectioqal aresa on
.t'b.e eJti‘aue:t-rgas 8lde of thb-heator used. also inequation (6)
“for the.computation of the unit tEermal conductanpo. o o

Thus, giso is calculated by means of equation (12) from

.. the pessured prqeeure .drop’ across tho heater alone . APy, htre
I;zqalculated values of. giso “aro comparea ta. predicted
valuqe taksn for a smooth pipe. (Seeo fig. 7 of reforoﬁca T.)

o ﬂeaeuremonts by moans of qquation (6) of reforonce 1.

:‘:3-1"?“ miso(‘i;;j (;sa‘) s G '_1) - a3

,Whetro ~ )

APT total moaeured isothermal pressure dromn (due to
iso friction alone) at- tnmnerature Tieo

T, -and " T, mixod~mean absoluto temperatures of fluid 'at

: e inlet and outlat of heator, respectively

Trv -arithmetic avorage of , T... and ETa

Q'- :fluid flow per unit crose—sectional ames ]
Y, " unit welght, evaluated ut temperature Tl, of fluid
at inlet to hoater C. - )
A comparison of-meaeured and prodicted. non-ieothormal
proeeure drops. acrose.onch sidao 'of theo heater 1s presented
in table IV and is ehown graphically in figures 10, and 11.
ueat transfer and predeuro drop data for this Trane
heat exoharger are preeented in table 1. . P

. Ced . N {.
o )
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DISCUSSION ™ = ' -t

. - .- g

! .
l ) » -

_ The arithmetic aveérdge ‘of 2ll ‘the heat balanc'e ratios
(Gg/Qa) was 0.976. The {mprovément over ‘the ratios found

in tests on other heatars was due to the better temperature
diatribution attained at the exhaust gas outlet of this
heater. The exhaust gas experienced a .sudden exvansion

from the tubes of the héater into the outlet ducts, and

‘algo "central cores of hot gas,” encounteréed im many heaters,
were abgent in this case becausge of the £great numbeyr of
exhauat gas passages. ] . .

The magnitudes of the over-all thermal conductance TUA
predicted by meang of equations (4), (5), and (6) are about
10 percent lower than the values obtained from laboratory
data at an air rate of 5000 lb/hr and about 25 percent lower
- at an alr rate of 2000 lb/hr. The use of the multiplier
(1 + 1.1 D/L) in équations (5) and (6) to account for the
higher unit thermal conductance near the entrance of a tube
or channel would yield magnitudes of UA about 5 percent
higher than those which were obtained from equations (5)
and (6) upon neglect of this correction. (Bee Appendix of
reference 8.) Also the sinuous character of the passages
on the alr gide of the heater may actually increase the
unit thermal conductance over that exzpressed by equation (5),
which 1¢ based on results of straight tubves.

The predicted unit thermal conductence on the gas side
of the heater was found to be much larger than that on the
air slde. Thus, the controlling resistance to heat trans-
fer was on the alr pide. It may be possible, therefore, to
re-proportion the air and gas cross-sectional areas in
order to reduce the large static vregsure droo on the ex-
haugt gas side but not reduce appreciadly the thermal out-
put of the heater. The temperature of the heater surfaces
would thus algso be diminished,

The lgothermal frictlon factor along the air side of
the heater alone, computed from laboratory nreesure drop
measurements, 1s larger than would be predicted for smooth
or even rough pipes or channels. Thig fact .may have been
due to eddies caused by the zigzag path -followed by the
ventilating alr as it pasged through the heater. The igo-
thermal presgure drop through the inlet and outlet alr
ducts was about S0 percent of the total -drop acrose the

ducts and the heater. (See table II.)
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The 1aotherma£ fnicti&n raetor along the e:hadst ﬂas
gide .of the. Bedter campu%g& from Yaboratory nrdasura drbn
',measnrepentn'by means of. squativn.(12) was within T. nsr—
" sent of the'ﬁreaicted valup_for a ﬂmooth tube.

r fem ) .-'-.l.
o PR

Hagnitudes of :150 g are alho taﬁulated 1n tables

II and IIZ. A comnarison of. theﬂe valuea with thosu of a
slotted-fin hédter (ua ::efferefncd 9,"t*a;'bles VII and VILI)

revagls.thht gdso g fpm stther type of heater Is approx-

1mat91y 0.7-for. the exhaust gaa gsides: and anproximately
2.5 for the ventilating mir sides. These .valuses.are, of
course, & funoctlon of tha Weishirate nér ‘'wnlt of cross-"
sectional area. G. - The hiaher values of this ratio: on
the dir slide may be %xplainea Ty tHe - turbulence- or eddy-
forming path usually followed by the ventilating air,

The values of the ngn:iagﬁhgxmhI'préaéhrq,drop acrosas

the heater predicted from the messured isothermal drop by
meang of equrtlion (13) commare well with the values mers-
ured in the laboratory. (See firs. 10 and 11 and table IV.)
The slonre of the non-lsothermal nresaure dron curve should
be greater than the slope for the 1sothermal curve for the
coolings exhaust gases; whereas 1t should be lass in the

case of the heated ventilating air. An insnectlion of ecua-
tion (13) revenls the basis for these effects.

The heater tested here was constructed of 1/32-inch
iron sheeats and welghed 33 pounds. It 19 believed that a
simllar hester hAas bsen made of thinner metsal by the same
firm, thus conslderably reducins the weight of the unit.

COXCLUZIOIS

1. The thermal outmut of the Trane heater at an sir
rate of 3000 1b/hr and an exhaust gas rate of 5F00 1lb/hr
wvas 285,000 Btu/hr. The m»ressure dro—ms, under these con-
ditions, vore 6.2 inches of water on the air side and 1Y
inchas of water on the exhsasust gns side.

2. It may be posilble to reduce the large pressure
dron on the exhaust gas slde by reducing the restriction
in the orosa~-secilonal area and yet not greatly reduce the
thermal output of the heater, because the controlling re~
sistance to heat transfer anpears to be on the ventilating
alr slde.
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3.-The thermal output of this heater may be predicted
within 10 to 25 percent by means of equations (3) to (6).
The sinuosity of the alr-sifie passages may pccount for
part of the discrepancy between the predicted and meagured
magnltudes of the over-all thermal conductance UA. The
édir-elde pressure drop alao ieg probadbly affected.

4,- The thermal performance using fluid temperatures
other than those uged in the tests’ reported herein can be
predicted by obtaining the over-all thermal conductance
TA from figure 9 at the actual fluid rates and substitut-
1rg in equation (3).

5. The lsothermel]l pressure drop on the exhsust gas.
~8lde 'of the 'heater can be predicted uging a friction fac-
tor for a smooth tube in equation (12).

Unlversity of California,
Berkeley, Calif.
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TABLE I.- EXPERIMENTAL RESULTS ON TRANE CROSS-FLOW :-__.-_--HEATER

9l

.. HEATER:. OVERALL

Run

No.

/8

N

19

20

® ~

Ta,
°F

96
88
4

94

54
92 -

95

94

97
92
97
98

°F.

427

439
S0
S60

39/

435
497

550

368

J99
466

545

— AIR  SIDE

AEf__?g
Inches K8l
HaO hr-

ATa Wa
o ; _‘_b_.
F_ hr

326 4670 139 “369
351 3890 895 330
4/6 2900 596 290
486 2/90 388 257

207 4750 137 - 342
343 3890 880 323

402. 2690 58/ 28/
456 2/90. 375 242

27/ 4770 133 313
307 3890. 875 289
369 2900 578 259
447 2120 371 229

1368 1227 14/

_ 7EXHAU§T-GAS' SIDE
T Te AT, We AR
of '_ oF .‘ oF Ib  Inches

hr : HaO

6990 /88
7/00 [19./
7040 193
5950 193

/13941210 184
/377 1206 - 171
1385 1235 150
1381 /248 133

800 135
3790 138
5790 139
3840 139

/373 1159 2/4
1407 J214 193
/407 1235 172

1390 /146 244 4520 845
1403 11654 2/9. 4580 8350
1411 1205 206 4560 862

1415 1235 180 4330 868

g,

KBtu
hr.

3354

334

290
254

342
307 .

274
227

303

276
258
224

TEMPS,
te
OF °

0.96 590 795

Lo/ 6/6 838
089 680 930
099 735 994

100 529 740

095 590 834
098. 64/ 909
094 693 960

097 489 708

095 537 774

099 598 859
0.98 659 952

.tb..
°F

Aty (UA)
p Btu
F hreF

/050 352

/1030 320
987 296
968 265

1020 335
/030 3/3

1020 276

962 25/

1020 307

1020 283
1030 252
1000 229

'PERFORMANCE

VIVN
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TAﬁiE’ii”:
Isothermal Pressure Dro“'Date! on T;agﬂ CroséfioﬁxHeatéf
|A1r Sldel
""'Y;._"E““_';;"_E;;;;:513;;;;7 35;;;—;_:—_i&}_i;f?i_:
18/ meditan e e2Y8e )] CLnjenth /4620 tioe fe0 3
 _2:00 ; 11 600 ;'%3,3_3 3.68 lﬁ g9.52 i0.161? 3.5
3500 j 16 200 23,9 | 7.27. 16.6 | L1390 2.99
5500 2_ 25, 5oo }.51 g !117.3 §3H.6 i .1]g§ 2.0
. P i 5 |

2S5 8 ops obtained from mlots o - wgains
*Pressurs drops obtained from »nlot £ AP, cainst
¥ . : a

a.

fFfriet o ¢ L Pml (9)
'Y . ‘lSO D 2r.

AP w 2 A NS : o
nt I :
_oarr B K, +§1so —--+<l - —§> ‘ ' (11)

Y 2g - D Ags -
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TASLE ITY
Isotherﬁal-Prﬂssure Drop Data™ an Trane Croazsflow Heater
: [¥xhaust Gas Sida]

F
¥, -6 lA:Htr(meas )| . Galculated Seynolds Pre-

(10/ne )@ pr 207 | __SE‘.’[EEfZ--;EEES-_fEESP'_l_—'&___'_b_e__r___jf_
Yoo | 26,300 11.2 30.0239!0.657' 22,000 : 0,024
| : , CoL .
60sn | 39,500 alt,1 | .0236i 648 33,000, ,022
! - ' ' »
9050 © 59,200 | 5.3 -0215; .599: 49,700 .020
*Presqcurs Grons ottt -ined from nlots of AP6 az2inst Hs
2
YPerict . p, L ‘m (9)
v iso D 2{; 9
3
YPntr _ Yn_
Y 23
:.A 2 A L]
[T R R CHIR CONCRE VI
N\ 2/ 2

(12)

number dlcted E



TABLE

Iv

Non—-Isothermal Pressure Drop Data on Trane Crossflow Heater

) G Measured Predicted Measured :

Bun| 1b/hr|1b/hr £t2| isothermal non-— non- T, [T |T
pressure isothermal isothermal av
drop* pressure pressure

drop drop
AP AP!
iso| Tisg AP st |ap | apt [ [or |oR
1b/£t% in.H,0 | 10/£4° in.Hyq 1b/5t° in.HL0
(T, = 54O°R)
ISO‘
|
Exhaust Gas Side
g | 4560 {34,300 |1k4.3 |2.76 43,2 g.32 | 44,8 | 8.64 |187111665(1768
19 |{ 5800 |L3,600 22.6  (4.36 65.6 | 12.6 70.1 [13.5 183316191726
2 | 7040 {52,900 32.7 |6.30 [O8 20.8 100 19.3  |1845[1695[1770
Air Side
9 | 2120 | 9,810 |[10.2 |1.97 17.8 3.43 | 19.3 | 3.72 | 558|1005| 781
5 | 2890 {13,400 17.0 |3.28 28.7 5.53 | 30.2 | 5.82 555 957 756
1 | 3890 |18,000 28,4  |5.48 u5.9 8.85 | U6.5 | 8.96 54g| 899 Tk
20 | 4770 | 22,100 4.0 |7.71 60.1 | 11.6 68.0 |13.1 557| 828 693

*These entries are taken from plot of APg against

g

¥, or APa against Wa

since actual isothermal measurements were at slightly different fluid rates.

1,13 2
is0 T o 360 v, eNTy

APY = AP X 12

62.3

, inches

H50

(13)

61




Figure 1.~ Photograph of heater test

1 *3ud




NACA Figs. 2,3,4.5,6

Figure 2.- Photograph of Figure 3.- Photograph of
Trane hester. Trane heater.

Figure 4.- Pnotograph of Trane heater with
ventilating-air ducts attached.

Figure 5. | : Figure 6.

Figures 5,6.- Photographs of Trane heater
installed in test stand.
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NACA Fig. 7
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Hydraulic diameter, ¢ 0.0253 0.0386
Weight of heater — 33 Ibs., shroud — 2 Ibs.
Fig. 7 Schematic Diagram of Trane Heater

and Air Shroud
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(I block =10 divisions on 20 Engr: scale)
Exper. Pts. ) Exper. Pts,
380000 Wy ¥ 7000 Ib/hr o 360 | Wg¥ 7000 lb/tr o
5800 x 5800 x
360 000 4550 * 4550 ° - _Predicted
- ° 340 . Curves
To. = 1400°F
Ta = . W, = 7000
340000 o= 98°F r Mot
/ 320 —a— I
/ 1,
: 5800
320 000
d 300 A ;
f |/ l
30000 (UA) ,Z s 4550
/ / 280 / A
% 7 ° Btu 3
j hr °F
260 000 Blu Q
hr 260
x a /
26000
// 240 /
240000 [ x °
/ 220
2200 /
200 V
2000 /
0 1000 2000 3000 4000 5000 6000 180
0 1000 2000 3000 4000 5000 6000
W, , Ib/hr
W, Ib/hr
Fig.8.- Thermal output of Trone exhaust-gas ond air heat exchanger Flg.9.- Overall conductance of Trane heater as a

as a function of ventilating - air rete function of ventilating-air rate.
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