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NATIONAL ADVISORY COMMITTEE FOR AERQNAUTICS

ADVANCE RESTRICTED REPORT

AN INVESTIGATION OF AIRCRAF¥T HEATERS

XI - MEASURED AND‘PRBDiCTED PERFORMANCE OF A SLOTTED-FIN

EXHAUST GAS AND AIR HEAT EXCHANGER

By i oMa Ko Boeltber: s AqscMiller;
. H, Sharp, and E, H, Morrin

SUMMARY

Thermal. and prcssuve drop performeance data of a
slotted-fin Stewart-Warner exhaust gas and ventilating
air heat cxchanger arc presentcd, Measurcments werc made,
using up to: 7000 pounds per hour .of -cxhaust gas and up to
5000 pounds per hour of wentilating aip, The inleét
cxhaust gas tomperature was maintainoed at about 14000 F;
wherecas that of the ventilating air was about 950 F,

- Threce different cerossflow air shrouds wcre used in
these tecsts, The effeet of instzlling a "ecntral core! in
the exhaust gas sidc:0f the hcater was dctermined, Iso-~
thermal and non-isothermal static pressurc drop measure-
monts were made on both thce cxhaust gas and ventilating
air gides of the ‘heatecr, Isothermal pressurec drops across
the inlet and outlet ducts of the air shrouds were measg-
ured. Temperatures of the hecater surfaces at several
Points werc also recorded.

Mcasured and predicted heat transfer rates and pres-
sure drops are compared. The maximum mecasurecd rate of
heat transfer was 216,000 Btu per hour., The maximum
measured non-isothermal pressurc drop on the veontilatine
air sidc, using a scmi- or diagonal-crossflow air shroud
was 16,5 inches of water; wherocas that using a full cross-
flow shroud was 5,3 inches of water. The mazximum measured
pressure drop on the exhaust gas side of the heater was
9.8 inches of watcr before the central corc was installed
and 16.9 inches of water after the central corec was in
place. The maximum hecatcor-surface tcmperaturc was 1120° 7,
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INTRODUCTION

The Stewart—Warnér heater was tcstecd on the large
tegt sta Jin. the, Mcechaniecal Engincering Laboratories -of
the “University of California. (See fige. 1, and descrip-
tion of test stand in refecrence 1l,)

Thesc hcaters are used in the cxhaust gas streams
of aircraft engdines for cabin, 'wing, and tail-surface
heating systems, ‘ )
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unfinned base area on the ventilating air side of
the heater, ft2

unfinned cho arca on the -oxhaust . gas sidc of the
heater, Lige

heat capacity of air at constant pressuro,'Btu/lb F

heat: capacity of exhaust gas at const 0t pr“qsuro,
Btu/lb OF ' 3 |

hydrauwliec- diameter, ft
hydraulic diameter on ventilating air side, ft

hydraulic diameter on'exhaust gas.stde, ft

unit thermal c0Lvs0t1"L conductance (average with
1onnth), Brains T8 CQ .

it ther ?1 convective conductance for the ventilat-
ing alr (average with length), Btu/ar £t~ OF

unit thermal convectiveo conductance forﬁpno exhaust
gas :(average with length), Btu/hr £t° ©OF

eravitational force por unit of mass, 1b/(1lb sec” /ft)

weight rateé per unit of area, ld/hr ft

i
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lt ra tc D area - for ventilating air,
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weight ratc pcr.unit of arca for cxhaust gas,
1b /by £4°

.thermal conductivity of fin matcrial, Btu/hr £t2(°F/ft)

thermal conductivity of Ingoncl 1 ater qnull
Btu/hr £4% (OF/£t) '

distancec between static- preosurc measuring stations
and length:of heat transfer surfaco, it

length of fins on, ventilating air side of heater
moasured perpendicularly to the heater shell, £t

length of fins on exhaust gas side of hecater measured
perpo&dlcller" tiobhel heater: shelly &t
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D, nu;bcr of
n nunber of
P heat trans
Vtcr,
Qg -;casurcd T

Btu/hr

fins on ventilating air side

fins on exhaust gas side

for perimeter of one .fin.onigither ‘side of
VIt

ate of enthalpy change of vontilating air,

& mcasured rateof -enthalpy change exhaust ga8, Btu/hr:
; i ‘
Biotal total thermal resistanee including that through
heater sHell, 9F hr /Bty
to a agoe of temperatures weasurcd by two-
s locatcd on heater--shell ncar ventilat-
1t (oné thermocouple at exhaust gas
) hor at exhaust gas outlet), OF
Tty nritgnctic avorags of tompcraturces wcasurcd by two
‘thermocdouples  located on heator sholl ncar ventilat-
ing air ouuWut (one thurmacoupl@ ”t exhaust gas
inlet, the. other at:cxhaust zas outlet), OF
to arithmetic avecrage of toapératures ‘o“su?ud by two
thermocouples located on heater shell eq uidi Lt"“
from ends. (one thermocouple on top the other on
the bottom), °OF '
Tq arithmetic average mixed-mean absolutc temperature of
Oy Ty + Ta . P A '
either fluid = ——=———, in cquagion (11) only;
otherwise arithiaetic average mixed-mecon absolute
T"\- 4 To—.n ' b A . .
. LA < ~ Q-
teuperature of air = ——————-—— 4 460, "R
.C\. .
Al arithnetic average nixed-mecan absolute temporature
a el i A T,
. - &1 fia
f ecxhaust gas = ————m———— 1 450,. °R
> :
<) mixed-mean absolute temperaturc of fluid at entrance
scction (point 1), ©OR
To nixed-monn absolute tonperaturc of fluid at exit
section (point 2), OR




Tigo Mixed-mean absolute temperature of fluid for isother-
: mal pressure drop tests, OR
u, mcan velocity of -fluid, ft/sec

=

U over-all unit thermal conductanée, Btu/hr ft ©OF

over-2ll thermal conductahce, Btu/ar OF

(UA)tgtn1 oOver-all therual conductancc including heater
shell conductancc, Btu/hr OF

W weight rate of fluid, lb/hr

¥, weight rate of air,. 1b/hr

Wﬁ woight rate of exhaust gas, 1b/hr

Ny relight density of fluid at .ontrance t6 heating sec-
bion (podnt 1)y 18/L4°

N non-isotaermal pressuro.drop along heater, 1‘0/1"053

AP,l pressure drop 2long heater on ventilating air side,

: 101 el :
AE‘M pPregsure op along heatcr on ventilating air side,

ar
inches H,0

A . - o 2
AP, prcssurec drop along heater on exhaust gas side, lo/It“

AP'!', pressurc drop along heater on exhaust gas sido,
inches HzO

APDUCT isothermal pressure drop along inlet and outlet
0

ducts’.df. the a%r shroud, 1b/ft%
APymg isothermal pressurc drop along heater only, 1b/ft2
&Pf4uo isotherial ‘pressure drop along heater and ducts at
§" téuperature “T,.., lb/ft?

: : 2
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At tcaperature difference, °F
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b‘tv;_1 logarithuic 'mean temperature difference, OF




AT difference between mixed-mean temperaturgs.of venti- »
latingiair ;at-séebions defined by points 1

The .~ amt.
AT_. difference between mixed-mean temperatures of ex
b gas at sections defined by points 1 and 2 =
O =0 .
Ti‘l @ TSE' g
X o] ~ o < ot 1 1 A 1b e /I-o 2
o8 viscosity of 'filuid.,  Lb gec/f%t
Tk mized-mean: temperatiure of ventilating air a entrance
7| Sy v \ Ho o
- section (point 1)y- %

ean temperatufre of wventilating air at exit
section (point 2), OF
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and are SPOt-weldddléo nstainless steel shedl,  The fins
on ‘both ‘sides ‘of the heater ‘are 3/4 inch-in length meas-
Nied ‘perpendilcularly -t -the shell.

| The f-dirst air - -shroud tested with the Stewart-Warner
heater was a diagondl- ‘6r semi-crossflow-type shroud
obtained from the Ames Aeronautical Laboratory, Moffett
Field ;" Galif.  ‘The ‘fnlet duct contalned wdnes which
tedded to ‘direct the ‘air over the heater at right ‘angles,
(See figs. 2 ard 4.) . Another air shroud ‘(hereafter desig-
nated as Ug-2) was constructed with dimensions equivalent
to thdse of thé Ames 'shroud, but with full .crossflow char-
acteéristics.  (See figs, :2 and 5,) :A third air shroud
"(Héreafter designated asg UC~1l) was constructed with full
crossflow characteristics, but with a smaller clearance
““bétween -the heater shell and the shroud.

In order to force the exhaust gas between bthe longi-
tudinal sletted fins, a central core was installed on the
gag ‘¢ide of the Heafter. (See figs, 2 and 6.)

The wéight rates of exhaust gas and ventilating air
were obtained by means of ¢alibrated square-edge orifices.

The exhaust gas temperatures werée measured at the
inlet “and “the outlet of the heater by means of shielded
traversing thermocouples, S

A mixing device was used at . -the eéxit of the natural
gas furnace to given an approximately uniform temperature
distribution at the entrance to the heater. (The measured
temperature distribution in degrees Fahrenheit was within
+3 percent of complete uhiformity at the inlet end of the
heater.) . : :

¥o mixing device was used downstream from the heater
on theo exhaust gas side. The measured temperature distri-
bution in degrees Fahrenheit was thus within +3 percecent of
complete uniformity, which was reduced to +13 percent when
the central core was installed because of the greater mix-
ing encounteéred when the gas expanded into the outlet
“exhaust gas duct. (see reference 1 for a description of
the test stahd and its instrumentation.) :

"For all shroyds, the exhaust
were made at points 15 inches upst
stream from the ends of the heater

s temperature traverses
am and 24 inches down-




MTomperatures of the ventilating air before..and after
passage through the heater were determined from traverses
upde with unshielded thermocoupl . - Runs- - 22: t:0 Bl weare
made withoui a m1x11n device .in the ventilating air out-
let. duct,. " For t 1ese runs. the temperature distribution
was. within 49 percyqt of complete uniformity. ' For runs

52 'to, 122, a 3-~inch: diameter orifice: was:dinstallied dn; the
B inc" dismete :r.outlet ;alr. duct- to chause betfer mixing of
he. ¢lu1d t!r ugh its: sudden oxnanslon -dowastream: from the
,orlxic .Dhe, tempcrature dlctrlbntlon thus . obtained was
within +2 percent. of comolut unifornity. : :

,

. Tor theiiﬂ’s qlr snroud temperature traverses of the
"yentilating air were made at points 26:inches upstreasn a
50 inches downstrenm from the center line of the heater

sgses.to. the surroundings were reduced to
ount by;wrapping the duycts with:asbestos

S 8 mc perature '
six points by means of ths : a pa
couples. vas located .on the heater shell nenr the
cing ﬂir’ndlbt side. (ofe tlierigeouple ‘near the exhausti gos
inltet s, bthe other tnermuc*uu“e,near the. exhaust zas-outlet),
The arlthmetic average of these two temperntures ls desig-
nated as . %,.- A second .pair.of. thermocouples ‘wag located
near bthe "eﬁtllntln' eir outlet side {(one thermocduple necar
the éxhaust gas.inlct, the other nesr-the exlsust-gns
outlet), . The arithnatic nverage:of these two. temporatures
is desigaated as . ty.. .Phe.third pair -of thermocouplais

was located on the heater shell cquidistant from+the ends
(one thermocouple on top, the other on the botton), The
arithm Ltlc_avcrage_of.thssa»tma tenperatures is designated
a8 to. . (Soe fig. .2.) : '

o & 1a i Al - ", _®
s of .the-heater surfaces were mnéasured at
o

§tatic pressure drop n were nade a&crass

the ventilating air and sidas of thehkeater,
Two taps, 180° apart, were tull d at ‘each pressure
neasuring station. Fo all shraud;, the pressure taps oa
the exhaust gas side ware_placed on the heater shell about
by shroud

2% inches from the ends »f the hsater, For
the nressure taps on the yventilatinz air si
about 12 inches upstream and: downstream fr

line of the heater; whereas, for the UC-1l a
the pressure taps on the yentilating air si
in & 5-inch duct 30 inches upstream and 4o
the center line of the heater,

vrouds ,
ere placed
am




Isothermal pressure drops along the inlet and outlet
air-shroud ducts were measured by detaching these ducts
from the shroud and placing them together to obtain the
total pressure drop across the two ducts. The air shrouds
UC-1 and UC-2 utilized the same inlet and outlet ducts.
When the inlet and outlet ducts used on the Ames semi-
crossflow' shfoud were placed together, a.very sharply
curved ‘path Ffor the air was formed, and the measured pres-
sure: drop for the ducts placed in this manner: was as large
as the measured isothermal value across both the. ducts
and-the-heater when used in the normal arrangement. A
truer value of the pressure drops through the ducts alone
was obtained by placing a M"spacer" eguivalent . toe the
width of:thée’air shroud ‘between the inlet and outlet
ducts so that the ducts were in the sane relétive posgi-
tion for these tests and for those tests using both the
air shroud and the heater. The pressure drop.in this
"spacer" ‘was negligible (2 percent’) compared with that
across the iconverging ‘and diverging, outlet and inlet air
ducts. : ; : i

CALCULATIOHNS
Heat Transfer -
The thermal output.of. the-heater was determined by
the enthalpy changes of the ventilating air;
q, = Wy ey (T, =T ) (1)

in which Cp, WwWas eveluated at the arithmetic average

ventilating air: temperature as a goéod approximation, A
e

plot of gq, against w, at constant values of “exhaust
gas rate Wg and inlet tenmperature .Tgl is shown in

n [

figures 7 to l2.

On the exhaust gas side of the heater::

O"g = Wg Cpé(Tgl ""TP. ) : (2)

where ¢ is evaluated for air at the temperature at

P

Pt e
o

the arithmetic average exhaust gas temperature.




_ The over-all thermal conductance. UA was eveluated
frolm the expression;’
4, = (UA)Atlm (3)
The value .of At,h for cross flow 1s choser as that for
counterflow and then nultiplied by a correction factor.
(sce reference” 25 Inasmuch as-this ecaorrection factor
was 2lways within 1 percent of unity, the typn used in

these calculations was’tug en to'be that for counterflow
of the fluids, '

A plot of 'UA as a function of th mentilating ainr
rate W, t co“stnnt velues: 6f ‘the exhaust ‘gas ¥ate . Wz

: i = B

is shown 'in ;urvs 13 to-18, , e

The thermal” cutput ef the haater 'may be predicted when
used at othér values.of ~-Aty, than those used in these
tests by determining UA at the corresponding fluid weight
rates from figures 13 to 18 and using these magnitudes in
equation (3) with the rnew values. -of Atypns

Predictions of the magnit the

conductance UA were
%, egquation (28))

S . N
7o B /[ \
where | 2 and | L
== e
\Ics/e  NEeasal
resistances on the . air and ¢
respectively, was used.

(Lcu)e are obtained fron

for tnv derivation of

thernal eonductances,

equations

qu%tlons

+ —
\Eed fo
a
are the effective thermal

(fCA)e and

(57

(see reference 3

(8))

{ =Y
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{1} (6
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let Ao fanh L b/ Ee S iR A (6)
& SN
_ . ‘

(?CA)eg = ng V/fcg P

> [ .

where
A eross~sectlonal ares of one fin

k' thernmal conductivity of fin material evaluated at an
average temperature :

P heat transfer. perimetexr of ‘one fin

L 1length.-of one fin measured perpendicularly to heater
saeld ' :

total number of fins on air side of heater

n, total number of fins on exhaust gas sids

g
f, unit thermal conductance :along fins and along unfinned
area A,  of "heater
"For the exhaust gas side f, is.evaluated from the
equat ion : & )
+ . 0.8
) s A 296 U8
B #2258 X IR . B _RRTE L7y
g © D 0.2
&
where
ur, arithrnetic average absolute temperature
g =
G exhaust gas weight rate per unit cross-sectional area
g e ; :

D, hydraulic diameter of space (channel) between rows of
fins on 'exhaust gas side -

Because the slots on the exhrust gas side were narrow,
their effect on the fluid flow arnd unit thermal conductance

was neglected and Ta was caleulated by means of equation

2otk 13 L R ) 4 . :
(7), which is based upon flow in pipes and channels ‘where
the characteristic.dimension is the hydraulic dianeter.

Cn the air side, the circumferential fins were slotted
at l/4-inch intervals. The Reynolds nunber using the
perineter P of the fin as the significant dimension

Rep = —CEF __ varies from 10,000 to 25,000, so that the




boundary ‘layer over each fin may be laninar* for a con-
siderable length along.the fin. The f,, for the laninar

regine is then evaluated from equation (6) of reference b:

0.5
s 2ot Y) @

=
]
Yo &)
e )
=
H
t

but since 3600 u, Y =:-G

b
i

1,87 x 1073 np°°°® <

HIQ

ik
) (9)

For this heater;” L 'is.1/4 inch on the ventilating air
side. The magnitude of the unit therrnal conductance
along the unfinned base areas between the rows of fins
is Droovbly not ‘the ‘same. as that along the fins

iC:

Tf St hiels et s along. the unfinned base aress is calcu-
labed on the: b: of the hydraulic diamcter of the chan-
nel bhet & of fins, its walue is found td be
about o of =~ fu_ . calculated for. laminar flow
over "t} hent tronsfer along this unfinned

e

area is 10 percent. of the total when the £,

5 _ a
based on diameter is used and is about 17 per-
cent of the total when the fcq based on: laninar flow over
the fins is used, The heat transfer from the unfinned
area therefore need not be accurately known. The actual
value of fo, 1is probably between the two nentioned,

Pressure drops were deternined for the air inlet and out-
let ducts alons'under :isothérmal conditions. The measured
pressure drops o6n the exhaust gas:side did not ineclude the
losses in'the ducting; so ALPm, = APum where APyny

= i tiso =il :
is the pressure drop along the heater aloue.
*Phe results of R. H, ¥orris and W. A, Spofford (reference
4) indicate that the bounddry. layer over groups o f £lat
plates and cylindrieal fins is:laminar for Re,< 20,000. =
Equations (8) and. (9) are equivalent tﬁquuotiSn A 5
reference 4. ; '
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For the exhaust ‘gas; side the expression

2% 180 i) Bg

was used to determine the dimensionless modulus,

7 =
|
il

o
N NP
47 R L Ca] APygmn 5
{Sige =) = T s (10)
\ D et ; bt
Sl SO
\ 3600/
Yor the ventilating air side,
AP.mR =L AP 2 - APDUCT
: “igo
thus
g (R AP mn
iso 5 )= 2 &8F =i (1oa)
\ i IR B / / Ga \ 2
'\3600/
The pressure -drops through the ducts on the air .side
S - .V : e = # L\\
for the three air shrouds and the mosdulus Ciso 5 fior
: S y
the exhaus f h rbulated

The non-isothermal pressure drop of either fluid
through the heat exchanzer was ‘predicted from isothernal
neasurements by means of equation (6) of reference 1.

0

A R TR L g
.

il \2600 / ¥ g \T1 /

5
o
H
@

2 APT_ . total neagured dsothermal Pressure drop-due to
friction at temperature m,
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, mixed-mean absolute temperatures of fluid
a2t inletrand exit of "~ heater, Tespectively

(=1

;

3

=)

()

=
)

arithmnetic average of Ty and T,.

G fluid flow per unit .cross-sectional arca

I'-i)
L)
)_.1
a2
=)
i
ot
=)
e
)._
o
o+
o
oy
@
o+
Lp]
o
<
I_J
o
o
&
J
o)
o+

Y, unit weight.:
*u“pbrature AL

A comparison 3”‘#:néured ﬁni\prauicted noan~isothernal
pressure drops through bdth sides 7f the heater is pre-
sented in tables IX and X and is shown grapnlcnlly in fig-
ures 19 to 23,

) v HJeat transfer and brossura drop data for the Stewart-—
Warner heater are presented in tables I.and II for t
tests using the Ames; air shroud, in tables TII end IV
those using the UC-1 air shroud, and in tables V and
for those using the UC~2 air

DISCUSSION OF RESULTS ON THE

ilating air was used

The enthalpy c o0f the vent
Lighidet 1ine the yutput ofizthe . heater, for these
measur ra t those on the exhaust
as si it} average heat bal-

3 0y
8§

Q
(@)

=

[

8% It can be
nt.error in :the determination of
iture T, = 1400° F

oy

o+
-
=
©
L)
®
o]
o
B
o
U

in the-tenperature change o7

pa"ot; w0 n

i S

O-pereent error i

as. The low heat balance ratios.sbtained  -in #

ay be due to this errcr in neasurenent i they
o) kil plete combusticn of the

=
b
(&

1, Semi~ or diagonal-crossflow shroud (designated
as Ames air shroud). Clearance between heater
! shell and air shroud is 14y inches. '

‘

*See also report by R. A. Kepner and A. R. Collins (réfer-
ence 6) on results of tests performed on similar heaters
in the Heater Laboratory of the Stawart- W“rq riGen; Ghieds




2. Bulidl exoser oy shroud (designated as UC-2 air

shroud). Cle rance between heater shéll and
.air shroud is 1T€ inches (same as Ames.air
ohroud) ' ' ;

3, Full’ crossflow shroud (de nated as UG-l air

shroud). :Clearance bctw en heater shell and
Sade ahuoRa e e

Thus a comparison of the results obtained whun u31n‘
the Ames semi-crossflow and the UC-2 full crossflow air
shrouds. will reveal the offect, .on the heat transfer rate
and the pressure drop, §f %he dlrpctlon or manner in which
the ventilutin& air ds conduct d across the heater, since
all physical dimensions.were identical for thrs two air
shrouds. A comparison of the results obtained when using
the air shrouds UC-1 and UC-2 will® rewve al the effe gty on
the pressure .drop and the rate of  he at. transfer,. of de-
creasing the cross sectional area on the '_ntllating alr
side of the heater. i : '

During the prelimianary tests. of the heate » +t was
discovered that the rate of heat transfer was, 1nuppru—
ciably affected by an increase of the exhaust gas rate
Wg ‘from 6000 to 7500 pounds per hour. ‘(Seo'f_bure‘7.)
This was an indication that the exhaust gascs were passing
through ‘the center of the heater and not throuzh the. chan-

els between the rows of fins. In order to ameliorate
this effect, a central core was installed in the exhaust
gas side of the heater which forced the gases to. fleow:
through the channels betwecn the rows. of firs;- The - meng=—

ured rates of heat transfer were thus increased and varied
appreciably when the exhaust -gas weight rate -W_' was, in-

creased from 6100 to 7100 pounds per hour, (Segﬁfig. 84)

A comparison of figures 13, LB wand %7 »
for the heater without the central core in the
gas side, the over-all thermal conductance UA a W, =
d

4000vpounds per. hour and' W, = 6900 pounds P

U‘t

about 137 Btu/hr °F using the Ames air shrou A
using the UC-1 air: shroud, nd 128 Btu/hr °F using
alr shroud, : : '

Since the ecross-seectional areas and other dimensions
were the some for the Ames semi-crossflow shroud and the
UC~2 full-crossflow shroud, the increase of 9 Btu/hr OF
when using the Ames shroud must hLave been -due to the
greater air turbulence, since the air probably flowed
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diagonally across the rows of slotted fins and not
directly between the fins as with the UC-2 shroud.

The increases of 14 Btu/hr °F when using the UC-1
shroud .over the result obtained when using the UG-2
shroud was due to.the dacreased cross-sectional area of
the former (l-in. clearance betwesn heater shell and
shroud as against l*——ln. clearance), ;since all other
dimensions and phy31ca1 01aractprlstlcs were identical
for .the two .UC.air. .shrouds. .. . . A

The gre ater over~all thermal conductance obtained
in the runs using tne UC~1 air shroud as compared to
the runs using the Ames. air -shroud was: dus 'to the
decréased cross-sectional area of the former), a factor: '
which outweighed the: turbulence-forming c¢haracteristics
of the diagonal- or: semi-crossflow Ames shroud. fhis
"gréat“r heat transfer rate when using the smaller, but
full-crossflow, UC~-1l shroud was obtained with a much
smallcr static pressure drop.

The measured 1sothernal pressure drop along thée sir
side of the heater (inlet:and outlet air-duct losses sub-
tracted) at an air rate of 3000 pounds per houriwas 12.4
pounds per square foot (2.40 in., of water) using the Ames
semi-crossflow shroud, 5.45.pounds per.square foot (1.05
in, of water) for the UC-2 shroud, and 8.45. pounds per
square foot (1.63 in, of water) for the UC~1 air shroud.

Thus mor thqﬁ double the pressure drop is encoun-
tered when the v air is not caus e d to . flow
directly along the space between e fins, ‘but ig allowed
to flow so ¥ the 'rows of fins (cf,
pressure Gro u aitr shyouds ((figs. 19
and 21 ).

The pressure drop was d«

(¢ to about 70 percent
‘0f the measured value for the

d
shroud by using the
1

'A'Y' e o
UC-1- shroud, which was fully crossflow but had an even
smaller cross-sectional area. (Sce figs. 19 and 20.)

It can be said, therefore, that:the incrcase of the
thermal conductance due to tha.greater turdbulence along
the slotted fins when using the diagonal erossflow shroud
is more than counterbalanced when using the full gross~
flow shroud by decresasing the air side clearance fronm lf%
inches to 1 inch. The isothermal and non-isothermal pres-
surc drops for the latter clearance are only about 70 per-
eent of the value for the diagonal crossflow shroud.
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This large incéreased pressure drop for the semi-
crossflow shroud would not be found when thisg shroud is
used on other types of hzaters, such as pin-fin heaters;

‘aluhav”h it would be experienced when it is used on all
heat exchangers with circumferential, continuous osr semi-
continuous (slotted) fins., Because the air is deflected
to flow aver the heater, the pressure drop in the inlet
and outlet ducts is about 40 percent of the total pres-
sure drop with the heater installed. 'This-pressure drop
through the ducts of the Ames shroud was as much as the
total pressure drop along the ducts and across the heater
when the UC-2 shroud was used. The pressurs drop through
the inlet and outlet ducts was,with the heater installed,
about 20 perce nt of the total drcp using the UC-2 shroud
and about 14 percent -using the UC~l shroud,

) : 3
When the central core (diam. 2 in.) was placed in
the exhaust -gas side of the heater, the net cross-sectional
ares was decreased by 15 percent. Thus the over-all ther-
nal conductance, with the central core iastalled (sece figs.
14, 16, and 18), for Wy = 4000 pounds per hour and Wg =

6900 pounds per hour was about 153 Btu/hr °F for the runs
with the semi-crossflow shroud, 157 Btu/hr °F using the
UC-1 shroud, and 140 Btu/hr °F using the UC-2 shroud.

These results are about 9 to 12 percent higher than those
cbtained without the central core installad, owing to the

! W v -

increased value cf G = — in the space between the fins
arsa

on the exhaust gas side »f tae heater. This recsult was

brought about both by decreasing the net cross-sectisnal

area of flow and by forcing the ges to flow through the
sgacbs between the fins rather than through the open cen-
tral space.

The inerease in UA due only to.the decrease in 'the
net cross-sectional area (increased @) was calculated
1.0 belb o 96 OarceQu; thus the remainder of the 9 to 12
percent inercase in UA reported above must have been due
to forcing the exhaust gases to flow through the spaces
between the fins, :

2 §

b

UA by use of the central core
would have been much greater at higher exhaust gas rates
(say 7500 1b/hr) than the incrcase repirted above for

ig = 6900 pounds per hour. An inspection of figure 13
reveals that when the central core wa 5 10 t used UA

ai
not change appreciably when W_. was increased from 600
>}

The increase 11
m

=t ot
=

a
0
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to 7500 pounds per hour, but the use of the central core
partially remedied this condition. (See fig. 14, *)

The use of the central core doubled the static pres-
dTOD on the exhaust gas side of the heater.: ‘At an
xhaust gas rate of 6000 pounds per hour, the isothermal
essure drop increased from about 10 pounds per square
ot (1.92 in. of water) to about 20 pounds per square
9

0]
,d
Lz ]
(6]

£

t (3.84 in, of water). The increase in the isothermsal
gssure drop due merely to the decresascd net cross-
ctioral area (increased ¢) would have been only about
40 rceqt or 4 pounds per square foot (0.77 in., of water).
Tqu the remainder of #l 0 pounds per square foot pres-
sure arop increasa resu from use 9of the central core
was cdue to the i w in the channels or
between the rows slotted fins. The measured
dicted non-isot 1l pressure drops were also o .

s large when thc central core was used. [ G f sfeRasl g 220 8na

O

nrg H g o

I o

o 0y

2 L 29, Bhis value

0 be Ffchteﬁ, f4r the isothermal

£ B anal o (& W

3 siso

because f35,+ the isothermal friction factoryiis

tional to W92 (f,., ©® Re™%*2) for the turbulent re .

th i static pressurs drop AP is proportional to y2+070.2
iy However, the precssure drop on the alr side of

the heater using the semirerossflow shroud is due not en-
in % i
0

ely to friction but partly to eddy and wake-for:

An inspection of the pressure drop plots reveals
that, for the air side of the heater, the gslope of the
non-isothermal pressure drop curve is less than that of
the isothermal curve. 1t esn be shown that; for the

entilating-air side the slope of the non-isothermal
curve must be less than the isothermal one, because the
former is a higher value (the tempevabture of rthe lairiis
higher) and must e¢oincide with the isothermal valus at

*m‘lc

to the use of the central core is nost
results from tests using the UC-
since (the highest walues of e S
% fect would have been mdst noticeabd
were not attainable, owing to the additional resista:
t &

shown as
and UC-

vV U w
(_‘.
,_l-

o A |

Qs ate wacrce
gn. o) 'L y W 4

)

sence of the core. -

caused by
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-

the temperature

an infinite air rate, for which condition

rise of the air would be zero (T, = Pay ® Pais 208, |
iso Al 2

isothermal),; (568 'fige. 19,20 and 21))

For the exhaust gas side, the non-isothermal curve
should have a greater_slope tkan the isothermal curve
because the exhaust gas is cooled., The last term in
equaticn (11) is negative for the casze of a fluid being
cooled and is less negative at high fluid rates, for %he
change in fluid temperature is then less. Also the first
term on the right gide of equation (11) is slightly
higher for high fluild ratss, since the Tgq 18 _greater
(fluid does not cool as much at high, fluid rabtes for the
same heat transfer rate as at low fluid rates). Thus the
combination of a term which increasss with fluid rate
and another term which becomes less n=sgative at high
fluid rates yields a sum which increases with the fluid
rate, and therefore the slope of the non-isothermal nres-
sure drev curve would be greater than that of the iso-

thermal curve. (See figs. 22 and 23.)
£ L\
The calculated values of kgi,o = )do not indicate any
S0 T
4/
specific correlation of the results obtzined with the dif-

B t
ferent air shrouds and on both sides of the heater. (See
tables VII and VIII.)

On the exhaust gas side, the value of §iso could be
predicted within 8 to 30 percent by mesans of the friction
factor against Reynolds number relation for commercial
pipes, evaluating Re For the channel or space between the
fins. (See referenece 3, fig. 7.)

It is very difficult to predict the magnitude of
giﬁo for the flow along the narrow fins on the ventilat-
)
ing air side of the heater.

The agreement between the measured and predicted non-
isothermal pressure drops along the exhaust gas side of
the heater is very good. The corresvondine agreement for
‘ the air side is not so good since the nressure drop over
the narrow fins on the air side ig due, to a great extent,
to causes other than friction (i.e., eddy and vake-forma-
tion losses) especially for the Ames semi-crossflow shroud.
The value of APm which is to be substituted ir equa-

- Tien' (110 £o obtaln the predicted frictiomal non-isothermal

pressure drop should be that due to friction alone,
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The average heater surface temperature on the side
of the heater where the ventilating air cntered was about
7509 I; whereas that near the ventilating air outlet was
about 1000° ¥. The temperature of the heater-gshell sur-
face at a point intermediate; between the entranee and
exit dir openings was lower in most runs than that at the
air entrance .or,exit, - Thig pesuli is questionable, fozr
the lowest temperature should be found near the point
where the cool air impinges on the heater (i.e., near the

entilating air inlet). The theorznoecouple, lead-in wires
were conducted through the ventilating air stream and
although they were thermally insulated some error in the

emperature measurencnt was to be sxpected because of
the "cooling effect! of the air on the lead-in wires,

The predicted nagnitudes 9f UA were about 80 per-
cent above those derived from laboratory measurements.
This discrepancy was probably due to the following two

reasons.

1. The value of ths v~1'1t rate per unit area G of
either fluid calculated from the total weisght rate and
the th cross-sectional. area probably did not obtain in
the restricted channels between the rows of fing :
actuml # Lxdid

1% .
velocities algng the fins or channels were
smaller than tho 8

se in the center of the fluid pas

)
P
i
v
o
\v
L]
o]
'—J

2. The ex alsand linkerns
in intimate econtact.with the-he
of about one-half the total cross-—ge
fins was welded to the heater she
spot welds. The spot welds which we

with the base metal were placed o¢n ¢!

fins were not placed
heli; Only an area
tionsl area of “bhe
r means of small
intdirect jconbret

at aApprox-~—

inately 3/4-inch intervals along the base of the fins.,
The area which was not spot-welded could have been insu-
lated from the base by a small gas film or scale. (See
appendix,)

This condition may cause fallure swing to ezcessive
local temperatures on the gas side when used in an actual
aireraft installation.

If the heater were constructed without fins but oper-
ated so that the same values 2f f, were obtained as were
found along the fins, the nagnitude of TUTA at Wo =
5000 pounds per hour and W, = 4490 pounds per hhur would
be 47 Btu/hr °F, The ne casufed UA fcr the finned heater
(using UC-1 shroud and central cosre) was 144 Btu/hr °F;
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whereas the predicted value was 262 Btu/hr SF, Hence the
magnitude off UA'::was ‘increased "97 Btu/hr OF by :the addi-
tlon, af .the fins, ‘but an increase of about 215 Btu/hr OF
could be pbtained 'by:-e- more perfect fusing of the fins to
the ueater sgell o A B ‘ i : B _ e

r_'Th ‘correctlon to the Oquatloﬁs for uvaluatlnv the
unit thermal conductance fo due to the variation of f,
near. the inlet to a'pipe, channel, or space between adja-
ceht.flns (see reference 7) is negligible in . the computa-
tion.of the: €6~ Ffoxr this heater. On the o@huast_bas gide
the ratio of the hydraullc diameter of the channel or
space bethcn tLb.slott d’fins to the léngth of the chan-
fal (hoany Dbk ‘0. 023; "and, since the correction to:
equatloa (7) for thl° "D/T effect" is the multiplier
1+ 1.1 D/L, the corrected fs would be only about 2
percent greater than that computed by means of equation
(7) as written above ik

'On,. the Vbﬁtllatlpp air side the fins are so narrow
(1/4 in. ) that. the boundary layeéers along these fins are
probably laminar, and-equation (9) applies w1thout the
coprection. faetor: mbntlonnd. '

CONOLUSIONS

Bs The rate of heat transfer of the Stewart-Warner
slotted-fin heater utilizing three differeat air
shrouds was nearly the same Tor ga01.(about a 10 percent
difference between the semi- and the full-crossflow. air
shrouds). sl '

2. The static pressure drops through the air side of
the heater were greatly affected by use of the three air
shrouds, The semi-crossflow shroud caused twicé the
pressure drop measured along the similar but. full-
crossflow shroud. ‘The pressure drop was greater for-uhe
semi-crossflow ,shroud because of the pressure losses ‘in
the angular inlet and outlet ducts and also because the
air was not completely deflected so that it flowed over
the heater at right angles (i.e., between. the Tows of fins )
but was -allowed to flow somewhat diagonally across ‘tha i
rows ‘o¥ fine. '

3+ The:rthermal effectiveness of the coppﬁr slotted
fins used on this heater was considerably reduced by two
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factors, First,,6 the fluids did not flow in the spaces
between the fins but, for the most part, flowed through
the open parts of the exhaust gas and ventilating air
passages. Secondly, the thermal resistance to heat
transfer was greatly increased, owing to .the limited con-
tact'area‘betwupn the sldtted fins and the heater shell,
It -would be advantageous t0 us¢ a smaller number of more
perfectly attached fins. and thus obtain: equivalent heat
transfer rates but with considerably less pressure drop
as well as effect a -great saving in the weight of. the
finned heater. Therec also would be loss danger of over-
heating some metal surfaces he ‘tips of ‘the fins
on theé.exhaust gas sids,.for t of Heat transfer
through a well~attaéhed'fin w’uld'be greater and its tem-
perature would be correspon r : '

4., An attempt was made to force thes exhaust gas to
e

flow in the space between th fins instead of ‘through

the open central passage by installing a "central core®
in this side of the heater W¢tqout the use of this cen-
tral core a considerable v~r11t¢on of high mangitudes of
exhaust gas welgnht rates did not cause an appreciable
change in the rate of heat transfe he use of the cén=
tral core, however, forced +ha exnaust zas to flow along
he slotted fins and, together with the increase in

exhaust gas rate per unit of cross-sectional area, caused
‘the heat transfer rate to inerease. The static LTGDSF e
drop, however, was increased at a greater rate.

-

-

ﬁ

University of @alifor
Berkeley, Calif.

The following mcthod was used to predict the addi-
tional thermal resistence through thée heater, owing to
the imperfect contact between the slotted fins and the
heater shell. :

This Pdditionﬂl th*“val resistance consisted of
three parts:

1, Thermal resistance from base of copgx i
‘exhdust gas side. to point of spot weld




2. Thermal resistance through Inconel heater shell
at point of spot weld

3. Thermal resistance from spét weld to base of
copper fins on ventilating air side of heater

By means of a thermal flux plot (reference 8) the
magnitudes of the first and third above-mentioned .resist-
ances were estimated to be 0.38 x 107° °F hr/Btu.

Thé second thermal resistance (through the spot weld
in the Inconel shell) was evaluated from the expression

4 ks Aspot-weld _ :

At L &

s resistance

The total aresa. Aspot-Weld’ which was .gpot-welded (assum-

ing one spot we¢ld of 3/16-in, diam. per 3/4 in. measured
along the fin base) was 0.153 square foot, the thermal
condustivity k. of Inconel was taken to bé 15 Btu/hr £t2
(°F/ft), and the thickness Lg of Inconel shell was' 0.047
inmele S Thug :

La 0.047/12 3 B e

Resistance = = el BN SRS e e

i

kﬁs A:Spo.t'—i‘lfeld, Iy % Q. B3 Bhu

The gum ' of the three thermal resistance was then
(1,70 + 0.38) 107" = 2,08 x 107° °F hr/Btu = Ryzta1- The

over-all thermal conductance UA was then obtained from

N

A 7 N /i \
1./ > 2 = & 4 ¥ i - i
\UA/total feh/e, \\fCA/eg

3 3total

i xe2 £y
r P I i '
bk \fCA/eg
all conductance UA previously computed, which neglected
the additional resistances through the base of the fins
and the heater shell, As mentioned under Discussion, the
magnitude of - UA at W, = 5000 pounds per hour and We =

but was the reciprocal of the over-

4490 " ‘pounds ‘per ‘hour was calculated to be 262 Btu/hr °F.
Thus, '

i
1

/ 3 t 0
+ . — = 3.82 x 10 F hr/Btu
\ch/ea Solialh UA 262
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S

\ U5/, (3.82 + 2.08) 107 = 5,90 x 10 °F hr/3tu
R Otal 5 3 = 2 . s ) o

1l

14 1 : 12‘ o
(JA)total 170, Btu/br. 90

The magnitude of TUA for this heater derived from
laboratory. n :

noasuremants was 14” Btufhr Or

At a lower air rate Wa = 2000 ¢b’“ the predicted
(UA)total was 148 Btu/hr OF by the method above, and the
value derived from laboratory data -was 116 Btu/hr °F.

Although fhé method indicated reveals that the re-

sistance of thc shell at the spot weld is one of ths deter-
minativa resistances, it .cannot -be used.for prediction of

the cha cter1st cs of this heater. - This is due to the
fact tnat the assumptions with respect to the dimensions
and the distribution of t! spot welds were obtained by .
‘examination of two or three rows of ,fins on the inside

r d that the

5 he spot welds.

-+
v
and outside of the heater. Also, it was assum

8
heater shell and fins weres in contact oanly at t

These assunphi nnot be generalized, and hence the
method is of limited 1 tlLl‘” for prediction of the thermal
characteristics of this hezter or others of a similar type
Exact knowledge of the dimensions and the number of the
spof welds is necessary foxr accurate prediction, ‘budt that
can be obtained only by destroying heater, . !

Even if it were ootalin the necessary
floxr predietidontof ance of the spot-welded
output would still be

o]
et
Y]

o
=3

calculations of ! _ :

by-a ldack of knowledgs of the true ¥

it of cross-sectional area & O0f the ve entilating

exheust gas along the spaces (or cha oLc) be twa,
5 .

©

=]
i)
1]

(=5

MK e
(0] >
o

e
8
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Run

No.

22
23
4
25
26

27
28
29
30
I/

32

34
35
36

Ta
°F

/oz
/00
85
97

94

96
97
S7
97
97

/10
113

104
/08
/08

Ta,
°F

303
263
239
225
212

228
248
255
282
322

J33
298
272
254
P )

AIR

TABLE I.- STEWART - WARNER

S|IDE

Wa

Ibs
hr

ATa
°F

2560
3570
4/90
4900
J650

20/
/63
144
128
17

132
157
/158
/185
fed

5650
4920
. 4/80
35/0

2600

2620
3490
/68 4230
/46 4900
/37 &700

2éad
/185

AMES

AIR — SHROUD

-

APa

Inches
Hz0

4.08
6.57
8.60

/2.6

/5.9

/6.0
/3.1
/0.1
657

449

485

705
/0.6
132
65

3a
KBtu
hr

125
/138
/146
152
/60

180

/80
/60
157
141

/41
/156
172
/173
/89

Tg.
°F

T9 2
*F

/325
1437 1325
/1420 /3/2
1437 1303
/424 /308

1418

1338
13356
/1356
1373

1419

1455
1446
1464

1428 1377

1415”
/433
141/

/368
138/
/1343
1407 /343
/941 /343

AT,
*F

S0
/12
/108
/34
/16

8/
99
S0
9/
3/

47
S2
68
64
68

*

CENTRAL

AR,
Inches
H20

We
lbs
hr

4230 3./0
4280 3/5
4280 3/%5
4280 315
4280 3./0

5965 620
5965 625
5965 625
5915 630
5918 640

7010 880
7020 880
7010 8.‘65
7020 870
6850 860

CORE

EXHAUST — GAS SIDE ——

%9
K Btu
hr

105
132

127
/158

/137

133
/63
/48
/48
830

905
/00
/3/
124
/30

SLOT TED~FIN

NOT

ga,

084
096
87
[04
086

0.74
0.90
0.92

094

059

064
064
076
07e

0.69

T BE

IN

HEATER

GAS SIDE

HEATER TEMPS.
ta tb tc
oF °F °F

 TEMPERATURES
NOT
MEASURED

OVERALL

n
(o))

PERFORMANCE

at,, (UA)

Btu
°F kroF

1170

1200
1200
1205
1210

/07
S
22
/126
/132

1220
1230
1225
/2258
1195

/47
/46
/3/

128
/18

/170

/1200
/190
1195
/1200

120
/30
144
/45
/58

VOVN



e T,
No. °F
37 /04
38 /04
39 /04

20 /04

4/ 705
44 92

45 90

46 90

47 89

(CONTINUED)

Ta,
SE

242
254

266
282

TABLE I.— STEWART — WARNER ¥

AlIR

°F

38
/150

/62
/78

335 230

2//

228
223
225

/19
138
/133
/36

AMES

AIR — SHROUD

3600 /5.6
4960 /3.2
4/0
3460 7.40
2480 4.3/

3650 /5.3
3550 /6.4
3860 158
3640 15.7

S.75

KBt
hr

/87
18/
/6/
149
/38

/62
/85
179
185

Tg,
*F

/1398
/1403
/390

1394

/394

1433
/428
/403
/(420

EXHAUST— GAS

Ty

°F

LTy
°F

/299 99
29/ 112
/1295 95
/308 86
/13/6 78

/304 /29
/360 6&
1221 Bl

/1338 &2

CENTRAL

CORE

SIDE
AR,

Inches
H20

Wq

lbs
hr

7330 9830

7930 935
7530 9350
7390 9.50
7590 970

4330 340
6060 6.70
6970 880
7580 980

NOT

9s
K Btu
hr

205
232
/97
/179
/63

/154
/14
135
17/

IN

SLOT TED~FIN " E¥PE

g

?a

[10

1.28
122
120
118

095
o6z
a2.87
092

GAS

HEATER

SIDE

HEATER TEMPS.

ta tb
OF oF

te
°F

TEMPERATURES
NOT

MEASURED

OVERALL
PERFORMANCE

Oty (UA)

°F

1175
/170
/160
1138
//30

/12/0
/230
1205
1220

Btu
hr°F

/39

135
39
/29

122

134
/30
/48
/152

74
>
O
D

LZ




TABLE IT- STEWART — WARNER *I SLOTTED-FIN TYPE HEATER

AMES AIR — SHROUD —— CENTRAL CORE |IN GAS SIDE

OVERALL
AIR SIDE EXHAUST — GAS SIDE HEATER TEMPS. PERFORMANCE

2 9 3«;
Ibs Ibs  Inches KBtu - = = Btw
e F 2 = = F  froF

°F e °F °F F  %F  Ha0

S800 i /1437 /330 6880 /60 203 094 TEMPERATURES /78

NOT

4950 1442 /1373 69 6860 /6/ 130 068 ME A SURED —

4220 /1428 /373 S5 6880 16/ 104 033 /62
3020 5. /428 /38/ 47 6920 /63 E94 0.56 35

/424 /364 60 7//0 /68 [/7 060 /62
/434 /390 43 7/20 /69 840 045 /53
/424 /1368 S6 6670 /7./ /06 065 /132

1424 /334 90 6/60 /38 /53 083 /352
1428 /347 8/ 6090 /3.8 /36 076 /48
/424 /368 S6 6090 /38 938 060 /32

/437 1299 /38 4520 769 /7/ 102 /40
1424 /1308 //6 4490 764 /43 087 /139
1415 1299 [//6 4500 7.60 /44 096 /129
1420 /330 90 4380 726 /09 082 /15




Run

No.

99
/100

/0/
/02

103
104
108
/06

/07
/108
/109
/10

W-\5S

=
>
TABLE IT.— STEWART —WARNER *I SLOTTED-FIN TYPE HEATER 5
UC *I AIR—SHROUD —— CENTRAL CORE NOT IN GAS SIDE
OVERALL
AIR SIDE = EXHAUST—=GAS SIDE—— HEATER TEMPS. PERFORMANCE
T T 0T We 4R g T T, AT, Wy 4R 4 %:- A N T
T ey KBte °F °F  °F L I e £ g Sops ep

SO 258 /68 4320 529 /76 1426 1375 S/ 6860 976 96/ 055 684 922 SO8 1220 /44
SO0 292 202 3450 370 /67 /434 /39/ 43 6880 982 8/4 049 744 98/ 650 /2/5 /37

Qg4 323 229 2730 252 148 /4/0 /364 46 6870 963 870 059 783 /003 684 /170 126
Q2 363 27/ 2/70 /L65 /40 /405 1371 34 GS00 972 645 046 825 /053 735 /160 12/

89 246 /37 4320 521 /64 /403 /39 64 5890 730 104 063 750 884 863 /205 /36
Q0 285 /95 3430 360 /62 /420 /74 46 5920 735 748 046 727 956 624 1205 /34
O/ 3/6 225 2690 244 /47 1424 1380 44 S9/0 73/ TS 049 778 10/l 672 11985 123
92 J359 267 250 [65 /39 /427 /1394 33 3920 735 536 039 825 /057 727 75 1S

98 329 23/ 2140 [S7 120 /390 1329 6/ 4490 4/3 754 063 723 /0/5 650 //45 /05

94 292 /98 2740 235 /3/ 1408 /328 &0 4500 415 990 076 680 ©O60 394 /175 /1]

94 258 /64 3470 3854 /138 40/ /296 /05 4500 412 /30 094 628 905 S45 /170 /18

94 230 /36 4400 S/4 145 1400 /295 108 4500 4/3 /30 090 576 855 502 1/180 123 @



Run
No.

82D
83D
84D
850

860D
870D
880D
89D

Q7

97
/00
/00

S9
S6
95
S4

94
9O6
99
10/

282
3/3

346
380

37/

333
299
268

255
289
324
364

TABLE IW— STEWART —WARNER *| SLOTTED-FIN TYPE HEATER
UC ®*1 AIR-SHROUD —— CENTRAL CORE GAS SIDE

SIDE <——EXHAUST — GAS SIDE — HEATER TEMPS.
o h Inches Btu o ] o _'_b_ .[nd’\es _@ﬂ °F °F oF

£ hr HaO  hr 2 i i hr Ha0  hr
/185 4250 520 190000 /1420 — — 6800 /655 — — 702 958 776
2/6 3450 378 180000 /420 1373 47 6800 /666 885000 490 748 /007 775
246 2740 26/ 163000 1424 1377 47 6770 1665 87500 537 796 /046 860
280 2150 1.77 145000 (424 /390 34 6770 /682 63#00 437 896 /085 o2
272 2/70 175 143000 /415 1360 55 S800 1340 88000 .6/3 754 /064 757
237 2750 264 158000 1424 /368 S6 5800 /346 89500 565 772 1028 684
204 3450 377 170000 /407 /338 69 58/0 1345 110000 646 7/4 974 663
174 4250 523 179000 /1404 /33! 73 S840 /350 /I7000 655 667 826 622
/6] 4320 &/6 /68000 1415 1299 //6 4490 808 /43000 .852 622 897 574
/93 3400 359 /59000 /424 /321 /03 4490 8.05 /127000 .800 676 955 624
225 2740 245 149000 1424 1343 8/ 4480 797 /00000 670 723 /1006 672
263 2130 163 /136000 /424 /351 73 4470 80/ 89700 660 780 1055 727

GI-M

OVERALL

og

PERFORMANCE

At (UA)

°F

/1220
/195

/175
/200

/140
/180
1175
/180

/180
/1175

/1170
/150

Btw
hr °F

/56
157/
139
/2/

125
134
145
/152

142
135
127
/18
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TABLE X~ STEWART -WARNER *I SLOTTED-FIN TYPE HEATER

uc *2 AIR— SHROUD CENTRAL CORE NOT IN GAS SIDE

OVERALL
AIR SIDE EXHAUST =NGAS N SIDE——" HEATER TEMPS. PERFORMANCE

R To, T ATa Wa AR g To T 0Ty Wo AR g, o ta t  te Ot,, (VA)
8 Btu

E; % ¥ 1b  Twhes KBl o ! 2 Inches KBtu 5‘: ° o o °
(P N e R S e R SRR TR e

1l 90 242 /52 4280 306 /58 /4/1 1360 &/ 6920 983 969 06/ 688 862 663 /220 /29
/112 9/ 27/ /60 3420 2./14 [49 /405 /369 36 6900 987 682 046 763 /1020 7/4 1200 /24
13 &9 298 209 2670 (40 /35 /409 /372 37 6920 975 704 0.52 790 /063 763 /195 //3
4 92 329 237 2/40 096 /23 /402 /1364 38 6900 980 720 059 &42 1106 §&23 /180 /04

/115 93 3/9 226 2120 [00 [//6 /398 /36/ 37 5850 702 595 051 808 /1074 788 /180 98
/116 93 288 195 2740 [40 (29 /392 1352 40 5850 702 632 049 759 /1028 733 1200 /07
N7 92 259 167 3470 215 /40 /393 /340 53 3850 702 852 0.6/ 70/ 977 &72 /190 //8
118 90 226 /36 4590 325 [5/ 1384 /330 54 5850 700 868 058 643 920 609 /200 /26

119 9/ 221 /30 4600 328 /45 /4/6 1344 72 4500 43/ 87] 066 6lI 90/ S8/ 1220 //9
120 90 248 /58 3590 220 /37 /422 /358 64 4310 437 794 058 665 970 639 /12/5 //3

121 93 280 /87 2780 145 126 1430 1374 56 4300 43/ 6835 054 72/ 1020 70/ 1215 [04
122 95 314 219 2150 090 /4 1429 |38/ 48 4390 432 519 05/ 778 1078 766 1200 95 =
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TABLE YI—-STEWART - WARNER *I SLOTTED-FIN TYPE HEATER

uc *2 AIR—SHROUD CENTRAL CORE IN GAS SIDE

OVERALL
—FAIR SIDE EXHAUST — GAS SIDE HEATER TEMPS. PERFORMANCE
Run Ta Ta, OATe Wa Apal ga ’rg. T;, AE Wg A g 3‘9 %9 ta te e At,bm) ( UA)
. . . Ibs  Inches KBtu . lbs Inches KBty O . o Btu
NO. F F F hl’ H‘o ‘F'T F OF F hr H’o _h_r— °F F °F F hf‘ °F

700 93 26/ /168 4/90 3.85 /70 /413 1374 39 6820 170 731 043 765 /0/7 724 12/0 140
7/D 92 270 /78 3900 350 168 1412 1372 40 6840 175 758 045 782 1024 736 12/10 /39
720 94 292 /98 3250 2358 156 1420 1368 52 6820 174 975 062 822 /062 782 [200 /30
730 95 334 239 2420 158 /40 /420 /390 30 68l0 175 S62 040 89! /122 852 [/190 //8

740 83 25/ /68 4230 3.80 172 /424 /343 81 S8/10 13/ /29 075 7/8 986 699 [220 [4/
7250 9/ 262 /71 3940 345 /63 /435 /35/ 84 S58/0 131 /134 082 736 /00/ 708 [220 [34
760 95 285 /90 3200 245 147 1420 /336 €64 5800 13/ 02 069 786 /(044 740 [/195 /123
770 93 323 230 2450 /60 136 /428 1360 60 5830 13/ 962 07/ 848 (094 822 [/180 [//5

780 93 238 145 4330 380 /52 /415 1326 89 4430 795 /08 07/ 690 S55 674 /205 /26
790 95 246 /51 3980 336 146 /412 /319 93 4280 729 //0 075 699 835 690 /200 /22

80D 93 27/ 178 3300 246 142 /459 1335 124 4290 733 /46 /03 735 9718 729 12/0 /17
8/1D 96 304 208 2520 166 [27 /420 /350 70 43/0 73/ 830 065 75/ //22 808 [/85 /07
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TABLE VII TABLE VIII
STEWART-WARNER SLOTTED-FIN HEATER STEWART-WARNER SLOTTED-FIN HEATER
Isothermal Pressure Drop Data(a) Isothermal Pressure Drop Dah(b)
Ventilating-Air Side Exhaust-Gas Side
: L = ot
Ya G APhier | APyrn APTiso (fiso'TA) % b APrig,= AP ( S 150 —5-3)
1b/hr 1b/£t%hr /882 | 1b/£t2 | 1b/rt2 1b/hr 1b/£t2 hr 1b/£42
1. Using Ames Air Shroud 1. without Central Core
2000 7,380 2.60 6.50 9.10 7.03 4000 19,700 L1.60 0.699
3000 11,100 6.40 12. 18.8 5.8l 6000 29,500 9.70 0.658
1,000 114,800 10.2 21.3 31.5 5.78 10000 49,200 25.0 0.610
5000 18,400 19.8 27.2 L7.% L.71
2. With Central Core
2. Using UC-1 Air Shroud T
Looo 23,200 9.40 1.03
2000 9,860 0.73 L.02 | L.75 2.5 6000 30,800 19.9 0.956
3000 14,800 1.55 8.4 |10.0 2J28 10000 58,100 51.3 0.889
Looo 19,700 2.70 1.8 17.5 2.27
5000 2L, 600 L.15 22.6 |26.8 2.20
(b)Prasaure drops obtained from plots of AP versus Wg
3. Using UC-2 Air Shroud
P, = Overall pressure drop, 1b/£'t2
2000 7,380 0.73 2.52 | 3.25 2.73 A Tis0 2
3000 11,100 1.55 5.45 7.00 2.63 AP® = Pressure drop across heater only, 1b/ft
1,000 14,800 2.70 9.5 12.2 2.5i HTR
5000 18,400 L.15 1.6 18.8 2.5 AP
(a)pressure drops obtained from plots of AP versus W, ( E D% = 3 ( Gg )1 (10)
130
APDUc,r!Pressure drop in air shroud ducts (entrance and exit sections), 1b/£‘t2 o

APHTR = Pressure drop in heater, 1b/£‘t2

APTi = Overall pressure drop = AP AP, lb/f"t:‘2
80

DucT HTR
AP
{ _l_-_) AR IR (10a)
5o Da Gq>
3600

g€




TABLE IX

STEWART-WARNER SLOTTED-FIN HEATER

Non-Isothermal Pressure Drop Data
Ventilating-Air Side

TABLE X

Exhaust-Gas Side

STEWART-WARNER SLOTTED-FIN HEATER

Non-Isothermal Pressure Drop Data

145

Measured Predicted | Measured Measured Predicte Measured
Run Wy Gy isothermal non- non- ’1‘1 T2 [y isothermal | non- non=-
No pressure isothermal| isothermal < Run w G pressure isothermal | isothermali T, T2 T
1b /br| 1b/hr 42 drolg(c) pressure pressure °R oR OR No. & & > dro pressure pressure e
APy, drop drop 1bs/hr|1bs/hret APrise drop drop °r °R °R
b /ft AP AP 1bs/ft2 A P
1b/ft2 1b /£t2 1bs/ft2 1bs/ft2
1. Ames Air Shroud 3 558°R 1. Without Central Core
iso Tiso 561°R
31 2600 10,700 14.0 18.8 2343 557 | 782 669
Lo 31,60 11,200 23.5 29.9 37.4L 56l | 7L2 653 2l 11280 20,500 5420 17.2 16.3 | 1880 1772 | 1826
2, | Lo | 17,200 33.5 L0.7 50.5 555 | 699 | 627 28 | 5970 | 27,500 9.60 3340 32.1; | 1915 | 1816 | 1865
38 | L98o | 20,500 5.5 56.0 745 56 | Tib | 639 35 | 7020 | 33,600 13.0 Lik.6  Ls.1 1867 | 1803 | 1835
L6 | s580 | 22,900 56.0 67.9 82.0 550 | 683 616 39 7530 | 36,000 1.7 L7-1 L9.3 [1850 | 1755 | 1802
2. UC-2 Air shroud T 552°R
L iso 7 2. With Central Core 5
77D | 2L50 8,200 1,.80 7.00 8.30 553 | 7183 | 668 Tiso 551 R
76D | 3200 11,600 7.90 11.2 ) 555 | 745 650
750 | 39Lo | 14,300 11.8 15.9 1749 551 | 722 | 636 61D | 380 | 2L,600 11.0 39.3 37.7 |1880 | 1790 | 1835
7kp | Lzz0 | 15,300 137 18.5 19.7 553 | 711 | 632 60D | Ls500 | 25,300 11.7 Lo.3 39.L |1875 | 1759 | 1817
. 55D | 6160 | 3L,600 210 75.4 71.6 |188lL 1794 | 1839
%. UC-1 Air Shroud T o5 LR L3p | 6880 38,700 25.1 9.6 83.1 | 1897 1790 | 1843
85D | 2150 10,300 .y 8.7 8.90 60 | 8Lo 700
BZD 27)30 13,100 gég 13.35 13.0; 260 806 683 (d)Obtained from plot of APT. versus Wg.
83D | 3450 16,500 13 3 19.7 19.5 557 | 773 670 180
82p | L2so 20,300 19.7 279 27.3 557 | 7h2 650
(015
(e)obtained from plot of AP, versus W, - AP Q a_A* | (:L‘ i |> (11)
iso e Tiso e (3600 x.'%’ S0
e
= AP o + [ Oa (._z_—l
AF A T'l5° Tiso 3600 &3 i ) ey

QI-M
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Fig. 1

Figure 1.~ Photograph of heater test stand.
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e Thermocouple
locations (6)

3In
> 6-8-

VENT
AIR
52 rows of fins (0.045" copper)
(69 fins per row)
Central core
80 rows of fins (0.045" copper)
(19 fins per row)
Section - A-A
# 3
and UC %2 air shrouds Stewart- Warner slotted-fin heater
with central core
wt. — 325 )bs ( without core)
vent. .
airyz
Air side Gas side
uc*i  uc*2 Ames without with
ovh 2 core core
gas Cross-sect. area, ft 0.203 0.271 0.271 0,203 072
Total wetted perim., ft 18.6 18.7 18.7 ST |2:3
Hydraulic diameter,ft 0.0436 0.0580 0.0580 0.0694 0.0559

Fig. 2. -

shroud
wt. — 6.0 Ibs

Diagram of Stewart-Warner Slotted-Fin Heater with

Ames and uc Air

Schematic

Central Core and Shrouds,
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Figure 3.- Photograph of Stewart-Warner slotted-fin heater.
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Figure 4.- Photograph of Stewart-¥arner heater using semi-cross-flow (Ames) air shroud.
(Taken before installation of traversing, shielded thermocouple at exhaust-gas
outlet.)
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NACA Figs.

Figure 5.~ Photograph of Stewart-Warner heater using UC-1 or
UC-3 air shroud.

Figure 6.- Photograph showing central core installed in
exhaust-gas side of Stewart-Warner heater.
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Fig. 7. -
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Fig.9.- Thermal output of Stewart-Warner heater without
central core, using UC ¥ | air shroud, as: a

function of ventilating - air rate.
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Fig.10.- Thermal output of Stewart- Warner heater with cenirolg)
core, using UC *| air shroud, as a function of .._(‘9
. D)
ventilating - air rate.
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Fig. Il.- Thermal output of Stewart-Warner heater without Figilzl- Thermal" -cufptt of Stebsrt: Warner haster. with

central core, using UC ¥2 aqir shroud, as a

central core, using UC *2 aqir shroud, as a
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Fig. 13.-
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Overall thermal conductance of Stewart - Warner Fig.14.- Overall thermal conductance of Stewart- Warner
heater without central core, using Ames air shroud, heater with central core, using Ames air shroud,
as a function of ventilating - air rate. as a function of ventilating - air rate.
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Fig.17.- Overall thermal conductance Stewart-Warner heater
without central core, using UC ¥2 air shroud, as
function of wventilating - air rate.

Fig. 18.-

(1 block = 10/20")

<
Exper. Pts >
Q)
170| Wg T 6820 Ib/hr o =
5810 x
160 4300 o
150
140 n!/
7
130 a //
// &
%
9
120 LA L
a A
7y
/ /
110 // /
/°
100
90
80
(o] 1000 2000 3000 4000 5000 6000
Wg , Ib/hr 1-'
No)]
n
Overall thermal conductance of Stewart - Warner :‘
heater with central core, using UC #2 air —
; ey . oy
shroud, as a function of ventilating -air rate.






- ~ W-/s . . .

b1

200
Measured non-isothermal
150 pressure drop e
Predicted non-isothermal
00| pressure drop X 50
80| Measured isothermal drop o /// 40
)
60 /// 30 //
i //
40 A/ 20| AP 4
/ o o /
30F et e 7
AP, / / Slope,,, = 189
20 Ib —° 10
= / 8 by Slope on-iso- 163
15} /'° /
(o]
10 va /
; 4 /|
/ Slope;s, = 1.80 Measured non-isothermal
3 pressure drop e
5 // Slopepon-iso = I.6I Predicted non-isothermal
pressure drop X
4 Vit 2
4 Measured isothermal drop °
3
Wg , Ib/hr
2 ] ! : |
500 1000 2000 4000 6000 10000 1000 2000 4000 6000 10000
Wy, Ib/hr
Fig.19- Pressure drop on air side of Stewart-Warner heater
with Ames air shroud, as a function of ventilating-air f19-20.- Pressure drop on air side of Stewart- Warner
ate heater with uc *# air shroud, as a function of

ventilating - air rate,
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Pressure drop on air side of Stewart - Warner Fig.22.- Pressure drop on exhaust - gas side of Stewart-

heater, with uc #2 air shroud, as a function of Warner heater, without central core, as a

ventilating - air rate. function of exhaust - gas rate.
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Figure 23.- Pressure drop on exhaust-gas side of Stewart-

Warner heater, with central core, as a function

of exhaust-gas rate.
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