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AN INVESTIGATIOF OF AIRCRAFT HIATERS
XX - MEASURED AND PREDICTED PERFORMANCYE OF A FINNED+TYPE
CAST-ALUMINUM CROSSFLOW EXHAUST GAS AND AIR HEAT EXCHAMNGER

By L. M, X, Boelter, A, @G, Guibert, J. M, Rademacher,
F. ®. Romie, end V. D, Sanders

SUMMARY

Data on the thermal performance and the statlec pressure
drop of a finned-tyme cast-alumlinum exhaust gas and alr heat
exchanger are presented. One shroud, hereinafter desi- nated
as the UC=1l or full-crossflow shroud, was used for the tests
on the heater.

The exhaust ras rates used in the tests ranped from 1740
to 5150 pounds ver hour, and the ventilating air rastes were
varied from 1000 to MSOO pounds mer hour. Static pressure
dron measurements were made across the exhaust fas and venti-
latins air sides of the hesater under isothermal and non-
igothermal conditlons.

The measured thermal out-uts and static pressure drovs
are co?pared with nredicted magnitudes. (See figs. 2, 3, 4,
and 5.

ISTRODUCTION

Tihie finned-tyoe cast-aluminum exhaust gas and ailr hsat
exchanser was tested on the larre test stand of the Mechanical
Engineerins lLaboratorles of the University of California.

(See descrintion of test stand in reference 1.) This heat
exchanger is designed for use in the exhaust {as streams of
alrcraft engines for cabin heatins systems and for ving-— and
tail-surface anti-icing svestems.
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The following dats werc obtained:

1. Woight rates of the exhaust £as and ventilating ailr
through tho roespective sides of the heat ex-
change?

2, Temperatures of the exhaust gas and ventilating alr
at inlet and at outlet of the henter

3., Temporatures of the heater aurfaces (exhnust gas
slde fine)

4, static preossure drops across tho exhaust gas and
vontllating ailr eides of the heat exchanger for
isothermal and nor-isothermnl conditions

This investigactlion, part of a research prosram conducted

on alreraft heat exchangers at the Unlversity of Californla,
was smonsorocd hy and conducted with the financinl asslistanco
of the Feotional Advisory Commltte: for Aeronautics.

SYMEOLS

nron of he%t transfer: and cross-scctional area of a
fin, £t

cross~sectional area of flow for eithor fluid, ft?

cross—-sectionnl nrean of flow for elthor fluid, measured
within the heanter, ft?

nrea of hont transfer measurod over unfinned surfaco, £t°

cross~soctlonal area of flow for oelther_fluid, talen at
inlot vrossuro measuring stetlion, £t

crose-gectional aroa of flow for oither fluid, takon at
outlet prossure measuring station, ft?

heat capaclty of fluid at constant pressure, Btu/lbd °F
hydrnullc dianeter, ft
bnse diameter of circumferentinl alreside fing, ft

unlt thormal convoectivo conductanco for elther fluiad
(avorage with length), Btu/hr ft2 OF
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e

(£ch)e

unit thermal convective conductnnco of eithor fluid

flowing over a fin (avarnge with longth),
Btu/hr £t2% OF

urnit thormal coanvective condrctance of seithor fluid
flowing over unfinnod surfocss, using hyiraulic
dismeter D as significont dimension in equatlon
(6) (avernge with lengtn), Bwu/hr £t2 OF

Reffective! therzal conductanco of a finned sure-
face, Btu/hr OF

(foA)y thormal conductance of fluid flowing ovor unfinned

Tov

nortion of finned surface, Btu/hr °F
gravitational forco per unit of mnss, 1b/(1lb sec?/ft)

welsht rate of fluid per unilt of cross~sectional aroa,
1b/hr £t

thormnl conductivity of fin materinl, Btu/hr £t2(°F/ft)

isothernnl »rassurce dron factor, definod by the oqua-

AP _ Up 2
tion -V- = K -é-é

longitudinnl lcagtn of n fia; nrd lengtlh of -~ éduct
moasured from the ontrance, ft

longth of a fin projecting into fluid stroam, ft

ratlo of cross—ssctlionnl area of flow bnafore oxpan-
sion to thnt aftor expansion

nunbor of fins on either sido of hentor

hont tranafor perinoter of oae fin on elthor sido of
hertor, ft

measured rnts of ernthalny chango of fluid, Btu/hr or
Btu/hr (k3tu dasignntos kilo Btw, or 1000 Btu/hr)

thicltness of one fin, ft

arithmctic ~vernga mixed-morn absolute temperature

., 4+
of olther fluid =~2--.-2 op
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Tiso

AP

APY

APcontr
oP

exp

APf'ric

APy ¢p

APiso

Aty

5408

nixed—mean absoluto temperature of fluid for 1iso~
thernal pressure drop testa, °R

nixed-meai absolute teuperature of fluid, °R

mean velocity of fluid at minimum ocrose—sectional
aree of fluild passages, It/sec

over—all thermal conductance, Btu/hr °F
weight rate of fluid, 1b/hr

3
welght density of fluid, 1lb/ft

static pressure drap, 1h/ftn

over—all static pressure drop (heater »lus ducts)
on either side, 1inches H30

lsothermal static presaure drop due to a sudden
contraction in flow passage on elther side of
heater, 1lb/ft?

lsothernal static pressure drop due to a sudden
expansion 1n flow passage on elther side of
heater, 1b/ft2

lsotherrmal static pressure drop due to friction
alone, 1lb/ft=

lsothermal static pressure drop across heater
alone, 1lb/ftz

over—all lsothernal statlic pressure drop along
heater and ducts at temperature Tj44,
1b/ft= :

mean tenperature differcnce for crossflow as de—
fined by equation (42) of reference 2, °F

lsothermal friction factor defined by the equa—

P30 _ t P on
8 4 D 2¢

tilon
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p abselute viscosity of either fluid, 1b sec/ft?

o)

T . q{xedfmean tgmperature pf fluid, F

Re Reynolds number (GD/3600u g)

Subscripts

a ventllating air side

c convective conductance f,, circumferential fins Dg,,
and sudden contraction K,

cs cross—sectional areas

e "effective” thermal conductance (i‘cA)e and sudden

expansion Kg
f fins or finned surfaces
g exhaust gas slde
u unfinned surfaces
1 entrance

2 exlt section

DESCRIPTION OF HEATER AND TESTING PROCEDURE

The finned—type cast—aluminum heat exchanger tested
iz a crosaflow unit with longitudinal fins on the exhaust
gas 8ldos and with cilrcumferential fins on the ventllating
air side., (See figs. 1, 6, and 7,)

The heater consists of a cast tube of aluminum with
30 fins cast on the interior (gas side) and with 68 cir—
cumferential fins machined on the exterior (ventilating
air side). The internal fins are wedge—shape and taper in
length near the ends ¢of the heater, the 1en§th of the fins
being 1.28 inches and the over—all depth 147 inches. The
external (ventilating air side) circumferential fins are
1'/1e inches long with parallel sides onm a base which has
a dlameter of 6 inches. At each end of the heater on the
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ventilating alr side, the length of the outermost fins 1is
only 19/32 inch. T¥rom this last fin to the twelfth fin
inward, the length 1s increased regularly to the maximum of
11/, inches. The surface of the walls of the internal
fins 1s as cast — that is, very rough; whereas all other
surfaces of the heater are machined — that 1s, relatively
smooth. (See discussion of exhaust gas side pressure

drop for consideration of one effect of this roughness,)

The alr shroud used, designated as UC—1 1n thils re—
port, 1s designed to give full—crossflow characteristics.
Photographs of the heater are shown 1in figures 6 and 7.

Calibrated square—edge oriflices were used for the
measurement of the weight rates of exhaust gas and ven—
tilating rir,

The temperatures of the exhaust zas were measured
with traversing shielded thermocouples. Unshlieldod trav-—
crsing thermocouples were employed for measurement of the
temperatures of the ventilating air.*

Temperatures of the heater surfaces were measured at
two points on the exhaust gas side fins at the entrance to
the heater.

Static pressure drop measurements were obtained across
the ventllating air and exhaust gas sides of the heater.
Two taps, 180° apart, were installed at each pressure—
measuring station.

Heat transfer and static pressure érop data for the
exchanger using this shroud are presented in tables I to
ITI. Plots of these data as functions of the welight rates
of the ventilating air and exhaust gas are presented in
figures 2 to b.

*Because this thermocouple was not shlelded from
radiation to the relatively cooler walls, a temperature
8lightly lower than the true air temperature was obtailned.
A calculation shows the error to be less than 1 percent

of the temperature rise of the air as 1t passes through
the heater.
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METHOD OF ANALYSIS

. Heat Transfer

The thermal output of the exchanger was determined
from the enthalpy change of the ventllating alr:

Q, = W, ¢

e %y (Tag = Ta,) (1)

in which cP was evaluated at the erithmetilc average
a

ventilating alr temperature. A plot of gq, agalnst L
at constant values of the exhaust gas rate Wg ls pre—
sented in figure 2,

For the exhaust gas side of the henter

ag = Wg cp, (Tg, = Tgy) (2)

where cp is taken as that of alr* at ths nverage exheust
g

gas tcmporature, Ideally, for the case of a heat exchanger
thermally 1nsulatod from 1ts surroundings, qg would equnal
Qg. Because experience has shown gq, to be the more re—

liable value, 1t 1s used in determining the over—all ther—
mal coiductance UA. The heat balance ratios qg/qa are

glven .n tadble I.

*This approximation is permissible here because
the fuel—ailr ratio of the exhaust gases used in these
tests was extremely lean. In calculations of the per—
formance of a heat exchangor when using exhaust gases,

it 1s suggested that the heat capacilty °p of the mix-

ture be computed, using the data for the heat capacity
of the pure component as given in reference 7.
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The over—all thermal conductance UA wae evaluated
from the expression

q, = (UA)Atpy (3)

vhere Atpyy 18 the mean effectlive temperature difference

for crossflow of fluids.* This term 1s shown graphically

in figure 3la of reference 2 as a function of the terminal
temperatures of the exhaust gas and ventlilating air. The

variation of UA with W,, using Wg as the parameter,

is shown in figure 3,

The thermal output of the hemrter for values of Atpy

and weight rates other than those used here may be pre—-
dicted ty determining UA at the desired welght rates

from figure 3 and using these ma-nitudes 1in equation
(3).,**

Predictions of thc magnitude of the over—all thermal
conductance UA were attempted. The expressilon

UA = — (4)
?I) (f}.

was used. (See reference 2, equation (46)).

The effective thermal conductances for the two finned
surfaces, (f,A)g, and (ch)eg, are determined from the

equations

*Both flulds are postulated to be unmixed as each
passes through the heat exchanger.

**This method is an approximation only, because the
over—all thaormal conductance UA 1s a functlon of the
temperitures of the fluids UA o f,o T°3  and this
fact must be considered when the change in gq, for a
fixed change in the mean effective temperature difference
Atpy 18 desired. (See appendix A, reference 3, for a

discusslon of the approximation and of the complete cor-—
rec¢tion,)
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foLa .
(feh)gg = mDe n Jafsks (1 + %’:) tanh [ e * £y &y (5)

for the air side circumferential fins, and

2f L%
(fcA)gg = nl/2f5ks tash [ :5 + £y Ay (6)

for the gas slde fins (reference 2, equations (36) and (38))
where
n number of fins

fe unit thermal convective conductance along fin

| thickness of fin

x thermal conductivity of fin material

L length of fin (projection of fin into fluid stream)
i longltudinal length of fin

D¢ base dlameter of circumferential air side fins

Ay tafinned heat transfer area
fy unit therzmal convective conductance on unfinned Aarea

For both the alr and gas sides of the heater, f,, was taken

as belng equal to the ff along the fins on the corresponding
slde of the exchanger,

Tre unit thernal convective conductances fy on the ven—

tl1lating alr and exhaust gas sldes were evaluated from the
followlng equation:

- —4 0.3 08 / D\
fe = 5.4 X 107" 2oy Sox {1+ 1.1 3] (w)

In thls equatlon D 1is the hydraullc diameter of the
fluld passage, | the length of the passage in the direction
of fluid flow, T,y the average absolute temperature of the
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fluid, and G the weight rate per unit of free area normal
to the fluid flow. All quantities are, of coursse, evaluated
for conditions which exist on the ailr side or the gae side,
- depending on which side the fy 1is calculated. The term

(14-L1 %{) in equation (7) is a factor which corrects for

the higher unit thermal conductance at the entrance of the
duct. (See reference 4.) The use of this term has been
Justified approximately by experimente the results of which
willl be discussed in a report to be published in the near
future. Inasmuch as this gorrection factor usually increases
the unlt thermal convective conductance by only a few percent
(~ 3 to 7 percent), a slight change in the value of thie term
would net greatly affect Hhe aetual value of the unit thermal
convective conductance.

Equation (7) is valid for straight smooth ducts, but
inasmuch ns roughness seems to have little effect upon the
heat transfer in the turbulent rezime (see referemnce 5, p.
198), and because 80 little is krnown about the variation of
the unit conductance in ducte of complicated geometricrl con—
figuretlion, this equation is used as a good mapproximation.

Hent transfer by rediation from the fluids to the heater
surfnces nnd also that from one surface to another are neg—
lected in this analysis.

SAMPLE CALCULATION OF UA

(Based on Run 8, data from table I and fig. 3)

Computation of ajir side (fcA)ge

0,3 0,
4T Gg°* 2
frg = 5.4 X 107* 287 2 (1”"1 i)
DO.S ’ b 1
2
Moy = 22+ 310 4 450 = 662° R
D, = 2hes - 4. X 0.170 _ 4 gog5 g4
P 27.8
W 1620 2
6. = 3
& = Tes - 0,170 ~ 90630 1b/nr %
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Da> ( o.oz4s> _
+ R - 1+1.1 X s - 1_029
(1 1.15 = 0.925

-4 662°°% x 9530°® x1.029
0.0245°%°2

= 12,56 Btu/hr °F ft2

frg = 514 X 10

Iffective thermal conductance

L 2f¢L3
wDg nJ/2feks (1 + 5 ) tenh T+ fuly (6)

= 0.5 £%

(26h) o

o
(+]
|

n = 63 fina (equivalent number of fins of length 0.0885 ft)

k = 125 Btu/hr £t° (°F/ft)
8 = 0.00584 ft

L = 0.0885 ft

fo = £

(o}
(fyAy )y = 12,5 X 1,20 = 15,0 Btu/hr °F

(fch)ea = ™X0,5X624/2X12,5X125%X0,00584
2
( 0. oaasj " nh‘d/2x13-5*°'°885 + 15.0
126%0,00584
(feA)en = 233 + 15 = 248 Btu/hr °F

Computation of the thermal conductance of the gns elde

0,3 0.8

' ) - T G
fr = b5.4 X 107 ~AY___E (1+ 1.12¢

+
Tay = Eﬁi,E_EZl + 460 = 1278° R

D = 4hoq = 4

X 0,111
€ P ?.60

~= =" 0,0592 ft

iz —
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W_ _ 3240
Agg 0.111

Gg =

[

(1+1 1 —5> (1 4 1.1 0.592 ) = 1.
1.17

12

= 29,200 1lb/hr £t?

066

- 1378°°2 x 29200°
fg = 5.4 X 107% x
fg 0.0693°%+3

Effective thermal conductance

_X1.056 . 33,5 Btu/br £t° °F

(ch)eg =n L 45?;;:' tan JﬁEEE?-+ (quu)g ' (6)
h = 30
L =1.085 %
8 = 00,0156 f%

w
i

145 Btu/hr £t2 (°F/ft)
fr = 32,5 Btu/hr ££2 °F

(fu.A.u)g = 32.5 X 0.932 = 30.0

(foh)eg = 30 X 1.085 2 X 0,0166 X 145 X 32.5

3
tanh_d/é X 32,5 X 0.107
145 X 0.0156

= 204 + 30 = 234 Btu/hr °F
Computation of TUA

1 1 1 1 1

+ 30,0

+ + —=— = 0.00403 + 0,00427 = 0,00830
UL  (fch)ea (fch)g, 248 234

UA

121 Btu/hr °F

The experimentally obtained value of UA was 120 Btu/hr °F
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PRESSURE DROP

of

B O n [ &

the heater wa

8 postulated to consist of four components:
pressure drop due to converging and diverging ducts leading
to and from the heater, contraction loss caused by fins as
alr enters the heater, the frictlon pressure loss within the
finned portion of the heater, and the expanslon loss due to
the gas flow diverging upon leaving the finned portlion of the
heater.

The loss due to the converging and diverging ducts was
determined experimentally by removing the heater and fittlng
the two sectlions together. It is doubtful whether the pres—
sure drop gso determined would agree with results obtalned by
measuring each section separatsly, but the difference, for
the present purpose, 1g probably slight,

The contraction loss on entering the finned sectlion of
the heater was obtalned from the equation

2
__n_nuAPs = K¢ Eé'!g‘ (Ko = 0.11) (8)

where um 1s the mean veloclty in the flnned section of the
heater and Kg 18 a "head loss" coefficlent for sudden con—
traction obtalned from reference 6, page 21ll.

Frictional pressure loss was calculated using the formula

AP 2
—-——-eri = g _". _m_“ (9)
¥ D 2g

where 1wy 1e the mean veloclty in the finned section and ¢

1s the friction factor for very rough pipe § £ 0.060. (See
discusslion of pressure drop.)

The expanslon lose on leaving the flne was calculated
from
_;.._ =] xe —gg—- (xe = 0,096) (10)
where up 1s again the mean veloclty in the finned section
and Kg = (1-m)%, =m belng the ratio of the cross—seoctional
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area before expansion to that after expansion, Ky 1s a
head loss coefficlent for sudden expansion. (Bee reference 6,
p. 211.) The over—all static pressure drop across the ex—
haust gas side of the heater was then the sumnmation of these
terms:

APhtr _ APconty , AFfric , APexp (11)
4 i 4 44 Y

Results of the measurenments and calculations on exhaust gas
isothermal pressure drop are given in tabdble II and figure 5.
‘"They indicate a difference of only 7 percent between nmeasured
and predicted values of the laothermal static pressure drop.

Ihe isothaermal static pressure drop across the alr aside
cf the heater was predicted, but the calculations give pres—
sure drops which are about 15 percent above the observed
values nainly because the complicated flow path of the ven—
tilating air could not be accurately analyzed. The pressure
drop across the air side of the heater was calculated by neans
of the equations: .

(a) Contraction loes as the ventilatingz air leaves
the ducts and enters the heater section

P a
APeontr = K. 23 (K. = 0,.31) (8)
c
v 2g

where K; 18 the head loss coefficlent for gudden contrac—
tion (approxzination)

(b) Frictional pressure drop

Y D 2g

where 0 48 taken as the friction factor for commercial pipe

(c) Expansion loss as the ventilatlng nir leaves the
heater section and enters the outlet duct

APexp uma
==L = X, T3 (Kg = 0.49) (10)
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whero X, 1s the head loss coafficient for guddien exprnsion,

cqunl to (l=m)® where m 4is tho ratio of the cross—sectional
nron beforo expansion to that nfter expansion,

The sum of thesc hoater losses was then compared with
the obsorved pressure drop (due to the henter alone). Booauso
the measured isothermal pressuro drop conslsted of the pres-
sure drop across tho heator nlus that across the inlet and
outlet shroud ducts, it was necessary, 1in ordsr to compnre
the carlculated and the "observod" pressurec drops, to detor=
mine experimentally the ndditional pressure drop due to these
ducts. This statliec pressure drop vhich was meansured for the
ducts alone, wrs subtracted from the monsured 1sotherm~l
statlec pressure drop across the heater-shroud combination,
and the rosult termed tho observed pressure dron» dus to the
hentor nlone APpips Rosults of thosc calculatlons aro pre-
sented 1in table II. Figuro 4 shows the monsurod isothermal
pressuro drop and tho mrcdictod isothermal pressure drop (ob-
talned by adding the prodictod static prossuro drop due to
the hentor along APy, and tho mensured duct-shroud loss)

plottod ~s o function ol the nir rate,

Non-isothormal _pressure drop.- The non-isothermal stntic

pressuro drop for clther sido of tho heat cxchanger vwas nre-
ictod from the measured isothormanl static pressuro drop for

?hﬁg\aido using the oquetion (sez reforonce 2, oquntion
5%
oo 1,13
AP - = APi ( g....)
non~iso 80 ﬁiso
2 c/Ap® Ly Ap®
3 € 7y %h v« 2 1 1

in which APiso 1s tho total mensured isothormrl statlo
pressureo drop at tomporature Tj3go; T, And T, rre the
mixed-morn absolute temperatures of the fluid ~t the inlet
and outlet of the hoater, raspectively; T,, 1s the arith-
metic averago of Tl and Ta: W 1s the welight rate of
fluid; Yl is the welght donsity of the fluld, evnluated at
tempernture T,; A; and A, are the cross~sectlional duct
arons at the upstream aAnd downstream prossure taps, respocs
tivoly; and Ay, 1s the cross-soctional aroa of flow in the
heater,
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A compnrison of moasurod and prodictod non~isothormal
prossuro drops across oach slde of the honrtor 1s rogonted
--in-tnblo III and-1s shown graphlcally in flguros and 5,

DISCUSSION

Tho rosults of tho tosts on tho cnst-=aluminum finned-
typo hoat oxchanger ~re shown grnphically 1in figuros 2 to H.
Tho graphs arc basocd on tho data prosontod in tablos I to III,

Hent Transfor

The predictions of the ovor—all thormnl conductance for
this oagt—=nluminum hortor, using tho fullecrossflow shroud,
aro on the avorage within U4 porcont of tho oxpoerimontal val-
uos. Tho canlculntlons 1indicatoc thrt the controlling roslst=—
anco to hoat trnnsfor 1s on tho oxhnust gns sido at the two
lowor oxhaust gns ratos ( ~1740 and 3240 1b/hr). This would
moan that an incronsc of tho cross=soctionnl aron of flow on
the grs sldo of tho heator for tho purposo of reducing tho
high prossuro drop whlch occuras across this sido should be
undertrken with conution bocnuso such n chnngo of tho gas sldo
might npprocinbly rcduco tho hont trensfer porformnnco for
theso gns ratos, It must nlso bo kcnt in mind thnt for n
fixecd ~ir sldo rosistanco, A highor thormnl resistanco on tho
oxhaust oas sildo producos r loworod motnl surfaco tompornture.

Invostigntions (soc refecronco 5, p. 198) hnvo shown thnt
roughnoss hns littlo effoct upon tho hont transfor from flulds
and thoroforo tho roughnoss of tho surfnrcc of the 7ns sido
fing was nogloctod in thlis annlysise, Tho offoct of curwvaturo
upen tho hoat trarsfor from tho hontor surfncos to tho vonti-
lating air was omltted boenusc thore nnmonrs to bo no genoral
corrolatlion among the oxporimental dnte 1n tho literanturo,

Isothormal Prossuro Drop

Tho prodlctcd 1lsothormal stntlic prossuro drop ncross
tho air_gidg of tho hoator was basod upon tho frictlonnl pres—
surc dron ~nlonz tho curvod flow—pnth and on tho contraction
and oxpansion lossos whlch occur as tho vontilatinm nir ontors
and loavos this flow pnth ovor tho hontor. Although tho ef=
foct of curvaturo was noglocted, tho mrodlected vnluos of tho
isothormnl static prossure drop wero highor than tho moasurocd
valuos. Tho oxplanation of this doviation lios, porh~ps, in
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the fact that the contraction and expansion were considered
as occurring suddenly, which 1s, of course, only & first ap—
proxination.. In conformity with previous reports, the fric—
tion factor used in calculating the air side frlctlonal stat—
ic preasure drop was taken as that for smooth commercial pipe.
Justification of the choice of thie friction factor lles in
the smooth machined surface of the circumferential fine.

The isothermal static pressure drop across the exhaust
28 8ide of thie heater wae attempted, using the seme choice

of a friction factor (snooth commercial pipe). When thie
procedure was used, however, the difference between predicted
and observed values of the pressure drop indicated that the
rough, ae cast, surfaces of the exhaust gas side fins nust

be considered 1in evaluating the frietlon factor for use in
equation (9), Trial calculations showed that use of a fric—
tion factor of the magnitude § = (0,050 would predict pres—
sure drops which anare only slightly lese than those which

were observed. If Nikuradse's results Are ueed for the vari-
ation of the frictlon factor with roughness At any fixed
value of the Reynolds number (eee reference 6, p. 107) it 1is
possible to predict e friction factor of the desired magni-
tude = 0.050. Because thie friction factor is so great
(about the magnitude of that of ‘concrete pipe), 1t can de
eaid, from a considerntion of the effect upon the frictional
pressure drop, that 1t 1s desirable to machine these rough
surfaces, 1if posslible. Predleted isothermnal pressure drops
for the gas Bside, using this friction factor, are glven in
tnble II and are plotted as a function of the exhaust gas
rate in figure 5.

A head losa coefficlent to take into account both fric—
tlon and other losses within the heater was coaputed on the
basis of the equation:

-A—Pguul P'-amg (13)

The values of K obtained for the exhaust gars side of thie
keat oxchanger were of the order of 1.3; whereas those for

the ventllntling air slde were of the order of 2.0, These
values of the head loss coefficlient pernit a rough estimate

of the pressure drop in sinilar heater sections, (See previ-
ous reportes of thies sories for values of the head loss coeffi-
clients for other heater systems.)

Non—isothermal Pressure Drop

Predictions of the non—isothermal steatic pressure drops
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from the measured isothermal pressure drops were attempted
for both sides of the heater. On the air side, the predic—
tione were within 3 percent of the observed values, though
the elope of the predicted curves was greater. On the gas
slde, the predictions were about 30 percent higher than the
observed values, but the slopes of the curves were essen—
tially the same. Theae predictions are shown in the plots
of preessure drop against weight rate of fluid. (See figs,
4 and 6.)

Heater Sdirface Temperatures

Temperatures of the heater surface were taken at two
points on the exhaist gas side fins. Two thermocouples were
inserted at the tips of two of the fins at a point near the
inlet end of the heater, The sole difference in the location
of these two thermocouples was that one wags 1nserted in a fin
of slightly thicker crose section than the other fin. The
Junction of each thermocouple was located Just below the sur—
face of the fin. The maximum gurface temperatures recorded
during the series of rune (inlet temperature of exhaust gas =
1000° F) were 745° F for the thicker fin and 796° T for the
other.

The melting point of aluminum is approximately 1200° F,
and, in view of the heater surface temperature ( ~ 800° F)
recorded with an inlet gre temperature of 1000° F, it would
not be entirely safe to use this heater in exhaust gas
streams where the inlet gas temperature is 1400° ¥ or more.
Even at the temperatures used in these tests, there were
gsome slight indications of nelting at the surfaces where the
hot exkaust gases impinged upon the fine,

CONCLUS IONS

l, The thernal performance of a croesflow unit with cir-
cunferential fine on the air side and longitudinal fins on
the gas side was predicted within 4 percent,

2, The lsothermal static pressure drop acroes such a
unlt was predicted to within 156 percent on the air side and
within 7 percent on the exhaust gas side.

8. By use of the isothernal static prespsure drop, the
non—igsothermal e¢atic pressure drop acrose the ventilating
air eide wap predicted within approximately 3 percent, and
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that across the exhaust gas side was predicted within ap-
proximately 30 percent.

.4. @he 1;othermai friction factor on the exhaust gae
side was exceptionally high owing to the roughness of the
as—cast surfaces of the fin walls.

University of California,
Berkeley, Calif., July 1944,
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TABLE- I - EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER

*ON YHV VOVN

A-4 CAST ALUMINUM HEATER UC-1 SHROUD

OVERALL

AIR  SIDE EXHAUST GAS SIDE — HEATER TEMPS. | PERFORM.

Run | Ta, | Ta | AT | Wo | AR | B | T | T, | 0T4| Wp | 4PF| %3 ‘b% AR Atn,| UA
Py . P 4 Py - o Zirches | A BLy. < o M M A

No. | F | F | F | Y |"HE B F | | F | Y | heo | A | r | 2
3 B8 | 227 | /39 | #520)| 6./0 | 152 | 960 | 58 | /02 | /40 /197 | /37 | a0 | 700 | 595 750 | 2o3
2 86 | 278 | 792 | 3/80 | X653 | 148 | /044 | 947 | 97 | sr70 | 219 | /31 |css | — - 805 | /43
/ 86 | 312 | 226| 2280 2/2 | 125 | /036 | 943 | 93 | s/50 | 22/| 125 | 100 | 7985 | w0 790 | /58
6 95 | 252 | /57 (2140 | /66 | 843 | so06 | &75 | /37 | s750| 239 | 598 | 073 | ee5| F90 760 | /o7
5 95 | 286 | 19/ | /590 ro¢ | TIL | 998 | £79 | /9 | /o | 240 s22| o | 680 | 625 750 98
<+ 96 | 323 | 227 | /020 | 048 | s6/ | /0N | S&84 | /27| /Ao 238 | 577 | 103 | 730 | 695 740 747
9¢ | 275 | 187 | 2/50| 176 | 94.7 | 9857 | 865 | 18 | 3260 782 | r00 | so7 | 705 | sz5 740 | 127

8 % 4 370 | 2/7 | 1620 | fr0 552 964 &7/ | 97 | Fedo| 7859 7£7 | o092 | 735 | 685 7/0 | 120
93 | 359 | 266 | 1070| 060 | 688 | 964 | 892 | 72 | 3230 | 796 | 606 | a88 | TT5 | 745 700 | 923

80YS

o2
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TABLn II.~ ISOTHERMAL STATIC PRESSURE DROP
Cast-Alumimm Heater Using Full-Crossflow Air Shroud
Bun w ¢ APfyo = BPisot *APher APytr Re | E° ¢
(tteas. ) (meas.) (pred.)
(1v/br) | (1b/br £63)| (1n. H0) (in.EH0) (in, ED)| (1n.ED)
Exhaust Gas Side
18 | 8000 72,100 23.0 1.70 21.3 17.7 |92,400|1.29{0.0Ls
16 %700 42,4%00 7.8 .60 7.20 6.62 |54,400{1.26] .0OU6
7 2900 26,200 3.10 .23 2.87 2.67 |33,600{1.32] ,0l49
5 | 1690 15,200 1.07 .08 99 .99 [19,500{1.35| .055
Ventilating Air Side
10 1000 5,850 0.29 0.02 0.27 0.27 | 3,110/2.40|0.043
14 2680 15,700 1.78 .25 1.53 1.78 | 8,330|1.93| .038
20 | 5000 29,200 5,44 .90 4.5% 5.83 (15,500[1.65| .034
%X based on eguation (13)
4 4 2g

vhere APhtr =AP£.t1'

pressure

APT, gred.)?

and

X 5.19, 1b/£43

Note.~ In figures 4} and 5, the curves labeled as "predicted isothermal

bteined by plotting the sum of the values APJ, .. (meas.)
colums 5 and 7 in this tabdle).
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TABLE III.-~ NON-ISOTHERMAL STATIC PRESSURE DROP DATA

Cast-Aluminum Heater Using Full~Crossflow Air Shroud

- _ _ —
AP -1 -

Fun w G . T gz ia"" iso (33’&1 go (ﬁggsli()

(1v/nr) | (1b/nr £43) | CR) | (°R) | (°R) |(4n. HO) | (4in. H_0) | (in. HZQ)

Exhaust Gas Side

3 5140 46,300 1420 1318 | 1369 9.50 25.2 19.6
1740 15,700 1471 1344 | 1h07 1.12 3.05 2.38
8 3240 29,200 1h2l 1331 | 1377 | 3.84 10.3 7.89

Ventilating Air Side

2 3180 18,600 546 738 6u2 2.35 3.62 3.60
g 1620 9,470 553 770 661 .71 1.11 1.10
4 1020 5,960 556 783 669 .30 U7 .46

a
Predictions based on equation (12)

1.13
T W 2
OPpon-iso = 8Piso ( av > +< > 1 |: >
Tiso 3600 2% ghn’ T,

-“*h
._<.A_l§+l] (12)

AP = AP" X 5.19, 1b/ft®
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Fig. 3
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Figure 2.- Thermal ocutput of an aluminum finned~type heater as a function

of ventilating air rate.
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Figure 3.~ Overall thermal conductance of an aluminum finned-type heater
as a functlon of ventilating air rate.
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Figure 6.~ Photograph of finned-type
cast-aluminum crossflow
heat exchanger.

Figure 7.- Photograph of finned-type
cast-aluminum erossflow
heat exchanger.
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