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AN INVESTIGATION OF AIRCRAFT HEATERS
XII - PERFORMANCE OF A FORMED-PLATE CROSSFLOW
EXHAUST GAS AND AIR HEAT EXCHANGER
By .L. M. K. Boelter, H. G. Dennison,
A. G. Guibert, and B. H. Morrin

SUMMARY

Performance data on a Trane exhaust gas and air heat

-exchanger are ureuun;ed Heat transfer rates were meag-

ured using exhauvst zas rates ranging from 4550 11 /hr to
7000 1b/hr and Ventilating—air retes from 2200 1b/hr to
4750.1b/h3. The inlet exhaust gas bteumperature wWag main-
tained at approximately 14C0° F; whercas the inlet temper-
ature of the ventilating air wag about 95° F. Pressure
drop measuremeants were made across the exhsust- gas side
and across the ventilating eir side of the heat exchanger
under isotliermal and nrn—lsothernal conditiong. ‘In addi-
tion, isothermal pressure drops across the inlet and
outlet air ducts alcne were meagured.

(D .

The meximurn meagured rate of heat transfer was
369,000 Btu/hr with meximum static pressure drops of 18.8
inches of water &nd 14.9 irches of water on the exhaust
gas and ventilating air sides of the heat exchanger,
respectively. :

The messured thermal outputs and the static pressure
drops are compared with predicted magnitudes.

INTRODUCTION

The heater was tested on the large tegt stand in the
Mechanical Engineering Laboratories of the University of
California. (See photograph (flg 1) and a description of
this test gtand in reference 1l.) This heater was designed
for use in the exhaust gas system of aircraft engines for
the purpose of supplyln heated air to the cabin, the wing,
and the tail surfaces.




The following data were obtained:

1. Weight rates of exhaust grs and ventilating air
through the two sides of the heat exchrnger

2. Temmeratures of ventilating air and of 2xhaust
gas at entrance and exit of the-heatear

3. Temmeratures- of the heater surfacesg

4. Strtic pressure drov measurements on ths exhaust
cas and ventilating air sides of the heater
under both isothermal and non-isothermal flow
conditions

5. Isothermal static vressure drom meagurements
across the air inlet and outlet ducts

DESCRIPTION CF THEE TRANE HEATER AND OF THE TESTING PRCCEDURE

The trane heater is an all-nrime-surface crossflow
unit consisting of alternate ventilating air and exhaust
g2s passages made from preformed sheets about l}ﬁ by 7&

inches. The passages on the exhaust ra2s side, 56 in number,
are straight diamond-shape channels l}§ inches in length,

On the ventilating air side, there are 15 zigzag passages
of rectangular cross section and a length of 6% inches

the sinuous nassages of which conform to the contours of
the sxhaust gos vmassages. The sheets are mounted in a
frame of light angle iron, forming a unit with over-~all

é ¥ ] £
dimensions of anrroximately 1”% by Ré by ?% inches. A
sketch of the heat exchanger is shown in figure 7. Also,
photosraphs of th2 heater are shown in figures 2 to U,
The inlet duct of the air shroud contained wvanes arranged
to distribute the flow of wventilating air across the heater.

The weight rates of exhaust pas and ventilating air
werse obtained bv means of calibrated square-edge orifices.

s

The exhaust 2as temmeratnures were measured at the
inlet and outlet of the heater bv ‘means of shielded trav-
ersing thermocouvles., Unshislded traversinge thermocounles
ware used to Measure the temverature of the ventilating
alr,
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A mixing device was used at the exit of the natural-
cas furnace to im»nrove the temperature distribution at
the entrance to the Leater. The temmerature distributions
(in deg. F) were as follows:

Exhaust gas inlet =*7 mercent of complete uniformity

Exhaust cas outlet *2 percent of comnlete uniformity

; A X 1 5
Ventillating air outles ilé percent of complete uni-
formity

Ventilating air inlet (comnlete uniformity)

e traversing thermocounles were installed ~%t the
ol Bovwine noints:

Exhaust gas inlet temnerature traverse - 15 inches
upstream from heater

EBxhaust rrs outlet temnerature traverse - 2”% inches
doewnstream from heater

Ventilating air inlet temmerature traverse -
7 inches unstream from heater

Ventilating air outlet temmerature traverse -
34 inches dovnstream from heater

The heat loss to the surroundings was reduced to a
neglisible amount by wranming the ducts »nd the heater
wWith asbestos sheets.

Temperatures o
six noints, three on
outlet sides) of the

®
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e heater surfaces were measured at
ch side (ventilating air inlet and
ater., (See figs, .2 and 1.)

Static pressure dro» measurements Were made across
the ventilating air and exhaust pas c<ides of the heatar.
Two taps, 130° anart, were installed 2t each nressure-
measuring station. The »nressurc tans on the 8-inch exhaust

1y : 5
gas ducts were placed 55 inches upstream and 7 inches cdown-
stream from the h2at trancsfer section of the heater; where-
as those on the ventilating air side vers placed in a 5-

: 1R s i
ch diet llé inches upstream and 14 inchss dovwnstrzam from

the air shroud onenings,




Isothermal static pressure drer measurements across
he air inlet and outlet ducts alone were made by sedarat-
ing these ducts by a "spacer" equivalent to the heater
width, so that the ducts were in positions corresmHonding
to those for measurements across the ducts and the heater.
The pressure drov in the "spacer" was computed and found
to be negligidbly small.

SYMBOLS
-
<
A area-of heat trangfer, ft
D
A, total cross-sectional area of the nassages on the
a 3 Ak 3
i ventilating air side of the hsater, ft
A total cross-sectional arsa of the passages on the
g i 1 2 <
exhaust gags side of *the heater, ft

7]

A1 cross—sectional ar

ga of the inlet and outlet
exhaust gas duct g

to{

A
S ’

3
@
i I

Ag total cross-sectional ared at the tapesred endg of
2]
the exhaust gas passages, ft°

A3 cross-sec

tional aren of the ventilating air outlet
duets, Tb '

c heat capacity of air at constant pressurse, Btu/lh oF
Pa
o heat capecitr of exhaust gas at constant pressure,
P On o
L Btu/1lb °F
S “hyvdraulie diametsr, ft
558 hydraulic diameter on wventilating ailr side, f¢
191018 hydraulic diametcr on axhaust gas .side, ft
]
fc unit thermal convoctive conductance (average with
length), Btu/hr ft? OF
fc unit thermal convective conductance for the ventila-
o~ ing air (averace with length), Btu/hr ft° ©OF
fc anit thermal convective conductance for the exhaust
£ gas (average with length), Psu/hr £%° OF




AT 5 | e .
gravitational force per unit of mass, 1b/(1b sec /ft)

weight rate per unit .of area, lb/hr P12 .

weight~rate2per unit “of ‘area for ventileting air,
1b/nr £t

weight rate per unit of area for_exhaust gas, lb/hr f4®

coefficient for isothermal pressure drop due to
gradual contraction of fluids ] '

coefficient for isothermal pressure drop due to
sudden contraction of fluids

length of fluid passages; also iength of heat trans-

fer surface, ft

measured rate of enthalpy change of ventilating air,

Btu/hr

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

arithmetic average of three surface temperature measg-
urements taken near the ventilating air inlet, °F

arithmetic average of three surface temperature meag-

urements taken near the ventilating air outlet,
1)

arithmetic average mixed-mean absolute temperature

ar T
a, + 'a

ventilating air = ~~L~§——4% + 460, °R

arithmetic average mixed-mean absolute temperature
i T

flui_d = '—l“-"z—‘—."":;: :
arithmetic average mixed-mean absolute temperature

exhaust gas = ——l—g——*g + 460, °R

i

oif

of

of

mixed-mean absolute temperature of flnid at entrance

section (point 1), R

mixed-mean absolute temperature of fluid at exit
gection (point 8). R




s mixed-meéan . absolute temperature -of fluid for iso-

thermal pressure drop tests. OR

Uy mean veloc1ty of fluld at winimum cross-sectional
area of - fluid passages, t/sec‘

U over-all unit thermal conductance, Etﬁ/hr £t2 Op

'UA  over-all thermal cohdﬁctahce;'ﬁtﬁ/hr'oF

¥  weight rate of fluid, 1b/hr

L weight rate o? air, 1o/hr

Wg weight rate of eihaust vag, lb/hr

&”'M:weiéht aensity'of £luid &t entrahéé'td heating

¥ section (point 1), 1b/ft® S e
A@ ' brééétféxdfop alohg'heater.-lb/ftg
AP ,pressure, drop along haatgr on vgnt;lating air side,

1%/ 5t2

AP ,nressvre drop along heater on-ventilating air” side,

““incheg B0

..APéA:preééﬁre'&}b? éiong heater on exhéﬁst'gés”side; 1b/¢t2

. OP' pressure drop along heater on exhaust gas side,

APcontr
'@AP
AP
exXp
OPsric

AP
Tisp

§i50

Ath

duct "

inches HQO’

. : : : 2
isothermal pressure drop ‘due to contraction, 1%/ £%

isothermal pressure dron along. inlet and outlet
ducts of the air shroud, 10/*t ‘

isothermal pressure drop due. to expansion, lb/ft

?

! o S T S X g A “oed L 2 §o e s i) P RN Sy
jsothermal pressure drodp ‘due to frlctlon.'lb/ft“

ijgothermal pressure drop along heater and ducts
= = + =) b
atxtpmpsrauurg Tlso’,lb/ e

¥ AP ok uma
igothermal friction fdctor: de¢1red bﬁ'—~ = ; g
Y 180p 2¢

logarithmic mean temperature difference, op
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AT

Nu

Pr

Re

difference between mixed-mean temperatures of venti-
lating air at sections defined by points 1 and 2 =

Ty 1 OF
1

Tg
2

difference between mixed-mean temperatures of exhaust
gas at sectiong defined by points 1 and 2 =
Tg - Tg , OF
g 2
2
Vitscosdity of fluid, 1b sec/ft

mixed-mean temperature of ventilating air at entrance
section (point 1), °F

mixed-mean temperature of ventilating air at exit
section (point 2), °F

mixed-mean temperaturée of exhaust gas at entrance
section (point 1), F

mixed-mean temperature of exhaust gas at exit
. ) 0
gegtlon (point 2), “F ;

£.D
Nusselt number = —&—-
Becy
Prandtl number = ~§;E 3600 g
Reynolds number = ——F-F—0n
METﬁOD 0F ANALYSIS

Heat Trangfer

The thermal outnut of the heater was determined by

the enthalpy change of the ventilating air:

. 21V g e KT b s (1)
a a o, aa B, )
in which Cp was evaluated at the arithmetic average
a
ventilating air teuperature as a good approximation. A

Lo o't 2 against Wq at constant values of the exhaust

- (=

gas rate Wé is shown in figure 8,




'éfffioh'tbéféihéust gns side of:. the heater:

- T ' i
¢ = "¢ Cpg(Tgl 2 Bl K | (2)

wherevicn_,‘was evaluated for air st the arithmetic aver-
-8
age exhnust gas temperature.

The measured over-all thermal conductance UA was
..evaluated from the expression: :

Ua = (UA)Atlm: ‘ S (3)

The value of At; ~ for crossflow is chosen’ as that

for counterflow and thon multinlied by a correction factor.
(886 reforencc: 2,' P ALz Inasmuch as this corrcction

factor was always within 1 ‘porcent of unity, ‘the Aty

used din thess calculations was taken to he thats for colin-
tepflow of the flidids.

A nlot of UA as a function of the ventilating air

w0
rate W, at constant values of W, is shown.in figure 9.
& b . A

),

The thermal outnut of the heater for values of Atlm

other than those used here may be predicted by determining
UA at thc corresponding weight rates from figure 9.and
using these magnitudes in equation (3).

The predicted rate of heat traunsfer plotted in figure
9 was calculated by means of the equation

1) SRUNEELCRL TS N (%)

. &
g 3
vhere A $8 the hesnt tronsfer area, and the unit thermal
conductances f and f on the wentilatin® air and

Y
Cq ‘ Ccg’

exhsust m~as sides of the heater, respectively, are evalu-
ted from the following equations:

d 0.8 )
B B y 104 m 0-288 "B
fca : 5-56.5:;J T St R £5)

and
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where D is the hydraulic diameter and the subscripts a
and g refer to the ventilating air and exhaust gas sides,
respectively. (See reference 3, equations (16) And (377,
for derivation of equations (5) apd (8).) 1" g

Priegsure iDriop

Measurements of the static pressure drops across the
air and gas sides of the heater were made under isothermal
and non-isothermal conditions. A determination of the
pressure drops across the air inlet and outlet ducts alone
under isothermal conditions also was made. The isothermal
pregssure drop across the heater alone APy, was deter-

mined by the difference between the measured drop. across
both ducts and heater APqg, and that across the ducts
: A i 180 ~ :

‘alone APg., .4

g : These data were employed to evaluate the isothermal

friction factor giso for the air side of the heater D

means of the expressions

APTiso b APduct = APhtr 5 APcontr i APfrict - APexp (7)

The contraction loss is obtained from

2

APcontr LR 28 (8)

in which wup is the mean velocity in the air passages of

the heater and <Y is the unit weight of the air, evaluated
at T,_.,- The magnitude of X, was obtained from refer-

ence 4 or reference 5 (Kc — (9] 0]

(9)




.where. - As

10
and the oxpabsiop loss'is obtainoc from
' Wiy AJ E ’
AP =y I ( 1 - -§> (10)
. anm o LY Ay

&v,iévthy cro s-=ect1ona1 area of the air s

it
the heater andf.Asliia,nhe CrOSQ-oFCtlonal area: of the

outlet alr ducts ‘Thus giso-.ig obtqlned from
AP a g e A 2 1\
5 Vi D2 :
Bifved o R 0 L ( g ia _:> e 2 S G
‘Marhi:udes'of ttiqo ovaluatcd‘f}pm‘fhis,eauatibn
“arc given®in. table II... .

Por the gas sideg, the measurc d isoth rmal static

pl“ sure¢ dro: APT was that across “the  heater alone’
so OPpi, = &Pp . The gas passages were slightly
3l

SO
taperesd on cach end so that the isothermal vressure drov
consisted. of the following five torns:

a). A suddcn contraction from gas-inlet duct to
entrance end of gas passages

contraction along tavecred entrance to
s Un to noint of minimum cross-
2

1l arpea

¢) The frictional pressure dArop through center sec-
tion of_passages at minimum cross-sectional area

d) A grad unl equdéionhat tanered ends of passages

e) ‘A sudden cxpansion from end ef passages Into gas-

g : o outlct uuct
The exbresq1on for the isothermal. pres‘ure drop duée¢ to
these five terms is then written in a form similar to
equations (7) and (11): o ST
' ' s g - r , »
3 ; ) ‘ o oy 2
R Ae) TR U SR EN “)'.1 ..'\‘}if l
N 2g & 18 B A -

bet

i N
()” <>J }“2)
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in which X, = 0, 14, the coefficient for sudden contrace

tion, is obtained from referenco 4 or reference e Kl = e OM
thc coefficisnt for gradual contraction, also 1s obtained
fron féferéhée'u 6r reference 5; (l.e n) =.0,25,.the coef=
ficidnt for-gradual expansion,. is-obta ined from referonce o°
and the last ferm on the right side of equation (12) is thé:
same as. equation (10) for sudden eynapsion 1lossgess The: '

cross~sectional areca, A is that of the inletand outlet.
exhaust‘gas”duct5°.-Aa is tne total area. at tle ends* of"
‘the gas passages"an&' 4 i's the minimum. area at the cent.: r

of the passages which is the total eross< sec+1ona1 area on -
the exhaust-gas side of the heater used ‘also inequation (6).
1o tne-comput@tion of the unit thfrmal conductarco, i

Thus, Qisg is calcuLatnd by means of equation . (12) from’ﬂ
the measured preesure drow acroqs the heater .alone. AP tr.
Caleulatzd values of giso .arc compared to predicted-
vaiués“taken for;a\smooth,pipe. (see fib, 7.0f ‘refercnce Te)

The non~1sotherﬂol pressure dron of cikher fluid®

- —— - P v e 50

through”the hea at exchanger was predicted from isothermal

. —— e —

mgasuremunts by means of cquation (6) of reference 1,

Ak R N TR T p i
AP = APm: /-—§!> (--w- 4o <~— -, 1> (1%)
“1so0-NT 3uOO 18 R

iso
where
LPq total measured isothermal. pressure dron {due’ to
iso friotion aloneg) at tcmnerature Tiso

Uy and’ T) mixcdemean absolute temperatures of fluid at:

b " A inlet and outlat of hsater, respectively
T,y &arithmetie average of -T;‘;mnd ; |
& fluid flow per unit crosastsat ohal Ags
RS unit Qplght evaluatéd at tenpgrature T,y of fluid

wat inlet to hsater

A comparisen of measured and prodicted non-isothcrmal
pressure drops. agross cach side of the heater is presented
in table IV and 1s shown graphically in figures 10 and 11,

Heat transfer and pressurc drop data for this Trane
heat exchanger are presented in tabls I,
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DISCUSSION Pt Ry

The arithmetic average of all. the neat balance retlos
.J/\a) Was 0,975, The improvement over the ratios found

in tests on other heaters was due to the better temperature
dlstrlbutlon attained at the exhaust gas ouflet of thig
heaters The exhaust gas experienced a sudden exvansion:
from-the tubes of the heater .into the outilet: ducts, and

algo "central cores of hot gas," encountered in many heaters,
were absent in this case because of the great number of
exhaust gas passages. s

The magnitudes of the over-all thermal conductance UA
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 1b/hr and about 25 percent..lower
at an air rate of 2000 lb/hr. The use of the multiplier '
(1 + 1.1 D/L) in equations (5) and (6) to account for thae
higher unit thermal conductance near the entrance of a-tube
or channel would yield magnitudes of UA about 5. Dercent
higher than those which were obtained- fron equiations (5)
and (6) 'ypon neglect of this correction. ' (See Appendix of
reference 8.) Also the sinuous’ character of the passages
on the air side of the heater may actually increase the
unit thermal conductance over that expressed by eguation (5),
which is based on results ' of straight tubes.

The predicted unit.thermal .conductance on the gas side
of the heater was found to be much larger than that'on the.
air side, Thus, the controlling resistance to heat trans-
fer was on the air side. It may be possible, therefore, to
re-proportion the air and gas cross—sectional areas iwn
order to reduce the large static vressure drov on the ex-
haugt gas side but not reduce appreciably the thermal out-"
put of the heater. .The temnerature of the heater surfaces
would thus also be diminished. ;

The 1sotuermal fription factonr along. the air side of
the heater alone, cowputed from laboratory oressure drop
measurements, is 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 air as it passed through the heater. ‘The iso-
thermal pressure drop through the inlet and outlet air
ducts was about 30 percent of the total drop across the
ducts and the heater. (See table II.)
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_ mhe 1°@thermaJ :friction factor along the exhau t°ras
szdo :0f -the heater cemputed from Taboratory nreq,ure dron
MBYs urements- by mesns of equation (12) was within 7 rer-

cent:of the ﬂredi ted value for a fmooch fube

Narnltudec of ﬁlﬁo % are al o tabulated in tables
II inﬂ i A comn rlaon of these values W1th those of a
lotteu fin neaf er (see reference 9, tables VII and VIII)

‘reveals. . that ﬁlsa;g "for either tvne of" beater is approx—

imately 0.7 for the exhaust gas 51des and aﬁproxlnately
.5 for ;the ventilating air. sides.: Thesei!values are, of
"course, a-function of -the,weight rate.per:unit of eross-
sectional area _G. :The-higher .values of this ratio on
the alir side may be explained by the turbulence- or eddy-
forming path usually followed by the ventilating air.

The values of the pnon-isothermsl pressure .drop across

the heater vredicted from the measured isothermal drop by
means of ecustion (13) commare well with the values me=2s-
ured in the laboratory. (See firs. 10 and 11 and table IV.)
The slose of the noa-isothermal pressure drom curve should
be greater than the slope for the isothermal curve for the
cooling exhaust gases; whereas 1t should be less in the

case of the heated ventilating air. An inspmection of edqua-
tion (13) reveals. the basis for these effeets.

The heater tested here was constructed of 1/32-inch
iron sheets and weighed 33 pounds. It is believed that a
similar hsater heas been made of thinner metal by the same
firm, tbus consideradly reducins the weight of the unit.

COECLU

W)

EOMT

2

hermal out~ut of the Trane heater at an air

1b/hr and an exhaust gas rate of 5800 1b/hr

0 Btu/hr. The »ressure droms, under these con-

were .2 inches of water on the air side and 1Y
water on the exhaust gnas side,

2. It may be poszible to reduce the large pressure
drom on the exhaust gmas side by reducing the restriction
in the cross-sectional arsa and yet not greatly reduce the
thermal output of ths heater, because the controlling re-
sistance to heat transfer anpears to be on the ventilating

-

SRS que
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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 air-side passages may account for
part of the discrepancy between the predicted and measured
magnitudes of the over-all thermal conductance UA. The
air-gside pressure drop also is probably affected.

4, The thermal performance using fluid temperatures
other than those used in the tests revorted herein can be
predicted by obtaining the over-all thermal conductance
UA  from figure 9 at the actunal fluid rates and gubstitut-
ing in equation (3).

5. The isothermal pressure drop on the exhaust gas
side of the heater can be predicted uging a friction fac-
tor for a gmooth tube in equation (12).

University of California,
Berkeley, Calif.
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"TABLE I.- EXPERIMENTAL RESULTS ON TRANE CROSS-FLOW HEATER

o
. : ' HEATER  OVERALL

AIR  SIDE - - EXHAUST-GAS SIDE — . TEMPS. PERFORMANCE
R T T AT We OB Ge T T AT Wo A8 g Tt b A (A
No. °F °F °F L_!:‘ i I}xfgs l(ﬁ%t_u oF | ofF oF _’}_3: Iﬁ:ges < l(h_iiﬂ °F oF ofF hB_r%‘F
18 96 422 326 4670 /39 369 /394 1210 184 6990 /68 354 096 590 795 /050 352
I 88 439 35/ 3880 895 330 /377 1206 17 T7I00 191 334 L0/ 6/6 838 1030 320
2 94 S/0 4/6 2900 596 290 /385 /235 150 7040 /93 290 089 680 930 987 296
3 94 380 486 2/90 388 257 /381 1248 133 6950 /193 254 099 735 994 968 265
19 94 39/ 207 4750 /37 342 1373 1159 2/4 5800 I35 342 100 529 740 1020 I35
6 92 435 343 3890 880 323 14071214 193 3790 138 307 095 590 834 (030 3/3
S 95 497 402 2890 58/ 28/ 1407-1235 172 3790 /139 274 098 64/ 909 /020 276
4 94 550 456 2190 375 242 /368 1227 /41 S840 139 227 094 693 960 962 25/
20 97 368 27/ 4770 133 33 /390 /146 244 4520 68./5 363 097 489 708 1020 307

792 399 307 380 875 289 1403 /164 29 4580 850 276 095 337 774 /020 283

8 97 466 369 2900 578 259 [4// /205 206 4560 862 258 099 I98 859 /030 252

S 98 545 447 2120 37/ 229 14/5 /1235 180 4330 868 224 098 659 952 /000 229
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TABLE II

Isothermal :Pressure Dro» Data® on Trane Crossflow Heater

[Air Side]
W ? G, ,APTlgo APductS +APhtr , Calcuzagfg; S

2500 | 11, 600 5 1oy } 3.68 i 952 |G Bl
! ! i
/OO 16,200 1 23.9 | 7,277 16.6 | 139 2.99
) : 0 P . '
g0oR | 25,500 51,8 i 17,2 | 34.6 | giuel NG
{ ' : ! i i |
¥*Pressure drops obtained from nlots of AP_ against
« w' (&=
=
s 3 A SR N (9)
N iso D o
AP u . ®r . A N
St T S E~+<1 - -§> J (11)
'Y ’L) 4 - D AS K




~=3

TABRLE LTI
Isotharmal Pressure Drop Pata* on Trane Crossflow Heater
{Exhavust Gas Side;
W G.. lﬁP’tr(ﬂ’ﬂe.)| Calculated Reynolds  Pre-
£ i . &, 3 Az U i ! o .
G : : I .. . number dicted
: ZINU g | AR 2wt ¢y B =% Da YV -
1/ ke Y9 hr £t )i fRgn el o ss A aeig b
——————— LRl s S e e e S i s e g S T T T T
| . !
Lono | 26,300 11.° 0.0239!0.657! 22,000 : 0.02}4
i : i
2o i ' 4
5050 | 39,500 pl.1 | .0226i .64g! 33,000 i .022
9000 59,200 52,3 ,0215; ,590, 49,700 .020
' ]

_..__._.._..____.._._._.—_._._____..._..._._..._._-__._......._._...___...__.,._..._._._.__-—-——-——-

7 A

———

Y g




TABLE IV

Non-Isothermal Pressure Drop Data on Trane Crossflow Heater

W G Measured Predicted Measured
Run| 1b/hr|1b/hr £t2|isothernal non— non- TaE. e
pressure isothermal isothermal o
drop* pressure pressure
drop drop
AP AP!
Tiso| Tiso AP apt [ap | apt | [or |om

10/£6% in.H0 | 16/£t% in.Had 1b/£t2 $n.H,0
(Tiso: 540°R)

[

Exhaust Gas Side

g8 | 4560 | 34,300 4.3 [2.76 43,2 8.32 | Wh.g | g8.64 [1871|1665[1768
19 | 5800 | 43,500 22.6 |4.36 65.6 | 12.6 TAska I Gl 1833|1619|1726
2 | 7040 |52,900 2.7 16.30 [L08 20.8 |100 19.3 184511695(1770
Air Side
9 | 2120 | 9,810 L0 liagy 17.8 3.43 1 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  |5.4g U5.9 8.85 | 46.5 | 8.96 548l 899| 72U
20 | uy70 {22,100 40.0 |7.72 o O 68.0 {13.1 557 828| 693

*These entries are taken from plot of APg against Wg or AP, against Wé
since actual isothermal measurements were at slightly different fluid rates.

= v 2y SR S
Fiso \7 3600/ v e\T; :

a
iso

6T

AP' = AP x _12 | inches Hn0
62.3
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- Photograph of

Figure 3

- Photograph of

Figure 2

Trane heater.

Trane heater.

Pnotograph of Trane heater with

Figure 4

ventilating-air ducts attached.

Figure 6.

Figure 5.

Figures 5,6.- Photographs of Trane heater

installed in test stand.
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% Fig. 7 Schematic Diagram of Trane Heater
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Fig.8.- Thermal outpst of Trane exhaust-gas ond air heat exchanger Fig.9.- Overall conductance of Trane heater as a 2
as a function of ventilating - air rate function of ventilating-air rate. %
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