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AN INVESTIGATION OF AIRCRAPT HEATERS
X - MERASURED AND PREDICTED PERFORMANCE OF A FLUTED-TYPE
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SUMMARY

Performance data on a small jAiresearch exhaust gas
and air he anger are presgnted. Heat transfer rates
were measu 1
0 pounds per hour of ventilating air.

ed, using about 8000 pounds per hour of exhaust
gas and about 4300 g
The inlet exhaust gas temperature was maintained at approx-
imately 1400° P; whereas the ventilating air temperature

about 959 ¥, Tests were made with thz air shroud

was

disposed in two different positions, Pressure drop measure=
ments were made on both the exhaust gas side and the ven-
tilating air side of the heat exchanger.

4

The maximum measured “ate of heat %
269,000 Btu pe” hour; whereas the maximum ic pressurs
drops were 7.3 inches of w%ter and 12.4 s of water on
the exhaust gas and ventilating air sides of the heater,
respectively.
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ua1t thermal conveetive conductance (aVora with
né"th/, 3th/il.a. fte 0“ |

- unit thermal convective conductance  for the venti-
a - - SR ..
lating air” (average with length), Btu/hr ft2 OF

fep unit thermal convective conductance in a duct for
either fluid using the hydraulic diameter D as
the significant dimension in equation (12) (aver-
agé with length), Btu/hr ft2 Op
. f, —unit thermal convective conductance for the exhaust
& gas (average with 'length), Btu/hr ft2 OF

fcl unit thermal convective coaductance along a flat'
plate for elther fluid, using ths Lensvh sof "the
flat plate in the direction of fluid flow as the
significant dimension in eguation (9) (averaze
with length), Btu/hr f£t2 Op

. & gravitational force per unit of mass, 1b/(1d sec?/rt)

G., welght rate per unit of area for ventilating air,

1 length of flat plate measured in direction of fluid

P heat transfer perlm;ter,

rate of enthalpy change of ventilating air
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T arithmetic aveéragé mixed mean absolute temperature v
of either fluid = Ty +'T5/2, “im squation (8)

only; otherwise arithmetic average mixed-mean

: _ : . Ta, & Jay o

absolute temperature of air = ' + 460, "R

=]

(30

T arithmetic average mixed-mean absdélute temperature
‘ T i i
o + r
: : g1 g 0
of exhaust 288 5 ——w=i + 460, "B

Je

T mixed-menn absolute temperature of Fluid at point 1
. s k ]

OR
s mixed~-mean absolute temperature of filuid at point 2,
OR
Tiso mixed-mean absolute temperature of fluid for iso-
b - ’ O
thermal pressure-drop tests, “R
-
U over-all unit thermal conductance, Btu/hr ft2 OF
U ovaer-all thermal conductance, Btu/hr Op
(mﬂmrtur over-all thermal ccnductance for the center full-
fluted section of the heater, Btu/hr °F
(UL) 4,34 OVver-all thermal conductance for the tapered ends
0o S e o y i
of the heater, Btu/hr °F
W weight rate of air, 1lb/hr
a s
W weight rate of exhaust gas, 1b/hr
& /
x lengsth along a flat plate or duct measurcd in dirsction
2 & e :
of fluld £low, £%6
Yl weight density d at entrance to heating section
(point 1),
8 thickness of boundary layer, ft
- , : N e - 2
AP non-isothermal pressure drop along heater, lo/ft
APy pressure’ drop 'wlong hesater on ventilating-air -side, -
1o/ £t? g
-




pressurse drop along heater

on ventilating-air

side, inches HJ0
APF pressure drop along heater on exhaust gas side,
2
1b/ft
AP'F pressure drop along heater on exhaust gas side,
inches Hz0
APT isothermanl pressure drop due to friction alon
iso heater at temperature T;.,
At.“ logarithmic mean temperature differenc Op
b viscosity of fluid, 1b sec/ft
% difference between mixed-mean te mpe tures of
ventilating air at sections def *;a by poiants
1 and 3= {(Tag + Tag), °p
&, difference betwcen mixed-mean temperatures of ex-—
. exhaust.- gas at sections defined by points e
ahd = 0
ana 2 =4 (T':-:]. iy T~?)9 )
Ta1 mixed-maan temperature of ventilating air at
section defined by point 1, °F
Tag mixed-mean at
gection
Tgl mixed-mean temperature gf sexhaust:gas at section
defined: by point'l, *F
Te, mixed-mean temperature of exhaust gas at section
defined by point 2, Op
Re Reynolds number = G D/3600 g p
Point 1 - refers to entrance end of hsater
Point & refers to exit end of heater
DESCRIPTION OF AIRESEARCH N 2 HSATZ? AND
STING PR
Mhe Airesearch no. 2 unit is a parallel-flow, un-
finned, fluted-type heater containing 40 alternate exhaust




gas ond ventilating air passages. 1The over-all lenzth
of the heat transfer surface 1s 20z inches. A SLGtCﬂ
of this heater is shown in figure 6, Also, photograpl

of. the heater are shown dn figures 2| t0 OSs

earence detween Alresearec 2ate

' reference 1 for a description
or no., s1) is. that, the heat
shorter (20§ in, as against
e shortar heater (no. 2) at
alf inch less than that of
‘against 9 in.), and the total
no. 2 unit is also less (40

end sections are appr Oflm‘ttlv
T The same a

h
1.sed for the Aires
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Ames Aeronautior ratory, Moffett Fileld

shortcened to it the smaller heater., (See fig

The inlet header of the air shroud coatains ve g
o distribute the flow of air around ti perimda tkr oi tha
h

gater.

The weight of sxhaust gas and ventilating air
were obtained by s of ealivrated| square edge orifices,

The exhaust rotures were measured at tle
inlet and outlet rter by means of shielded,
traversing thermo

the naturale-
m temperature
(the measured
inlet and outb=
lete

A mixing device was used at the
e to give an approximately
ion 2% the entr;Ape to the
e distribution in de: F at
t he. heasertswasswithin =5 ;
rei:rcnﬂe l for 24
instrumentation.)

temperature traverses were made at
%tregm and 186 inches downstream from
section of the heater,

Temparatures of the ventilating air before and after
passage through the heater were determined from traverses
made by unshielded thermocouples. The temperature traverses

o o -

at the inlet end of the heater were uniform within 41 per-
cent and those atbt stheloutlietiend within, 2 wev“ﬂnt. These

traverse
i nCﬂ-Zi S

1 . p 2 3 X i 3
were made at points 225 inches before and 3
ter the air-gshroud openings.
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The heat loss to the surroundings wsas reduced to a
negligible amount by wrapping the ducts with asbestos
sheets.

Temperatures of the heater surfaces were measured
at six points, three at each end of the heater. (See
fhge b )

Static pressure drop measurements were made across
the air and exhaust gas sides of the heater. Twior tiaps,
180 degrees arart, were installed at each presure measur-
ing station, The pressure taps on the exhaust gas side
vere placed 12 inches before and 12% inches after the hesat

transfer section of the hesater in an &-inch duct and those
on the ventilating air side vere placed 27 inchses ahead of
and 20 inches after the air-shroud onenings in a 5-inch

duct.

HEeat transfer and nressure drop data were taken with
the air-shroud openings on the same side of the heater
(see fig. 4) and also with the air onenings on omnosite
sides (see fig. §).

CALCULATIONS
Heat Transfer

The thermal output of the heater was determined bw
the enthalpy change of the ventilatineg air:

Qg =W, o (T, -T_) (1)

in which cpa vas evaluated at the arithmetic average
ventilating-air temmerature as a good anproximation., A
plot of g, against Wa at constant values of the exhaust

gas rate Wg is shovn in figure 7.

On the exhaust gas side of the heater:
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exhaust gas temperature previously mentioned.

valuated for air at the arithmetic aver-—

as

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

ap = (UA) Atq, | (3)

A plot of UA as a function of the ventilating air

Wa

at constant values of W, 1is shown in figure 8,

5=

A comparison of predicted and measured results for
the larger Airesearch no. 1 fluted-type heater (see refer-

reveals that an arbitrary selection of the heat

transfer length L was not adecuate to account for the
different mechanism of heat transfer along the tapered
end section as compared to that along the uniform fulle-

fluted

and

center section,.

The rate of heat tronsfer through this uniform fulle-
fluted center section can be predicted by means of the
equation

1

UA e (4)

=/l
(0. (%)
ICA a ch,g

transfer surface of the center full-fluted section

the unit thermal conductances on the ventilating
air and cexhaust gas sides of the heater, respec-
tively, are evaluated from the following equations:

o 0.8
R -4 . o.206 Cg
fC:l = 5,06 X 10 : Y o (5)
a
0. 8
-4 o.296 Gg
fog = 5.56 x 107" 7, Dgo_a (6)
vg



in which D 1is the hydraulic diameter and the subscripts
a and g denote ventilating air and exhaust gas sides,

respectively. (See references 2 and & for derivation of

equations (5) and (6).)

The rate of heat transfer through the tapered ends
of the heater was obtained in a different mannar, Tt 48
very difficult to calculate the rate of heat transfer
through these end sections becauce of the nonuniformity
of the fluid flow and of the geometry of the fluid passages.
Therefore the difference between the predicted over-all
thermal conductance through the uniform center section of
the larger heater, using equations (4), (5), and (6) and
the total measured conductance of the larger heater (Aire-
search no. l)(reference 1) was used to determine the con-
duectance through the tapered end sections, which are about
the same size and shape on both hsaters

C

oF

o+

The end correction for the larzser heater (no. 1) was
found to wary in the follaowing mannar:
We i & PR
(1b/nr) (Rtu/hr °F)
3000 64
5000 73
6000 fild

The variation of (UA) with the exhaust gas rate
%

Wg was smaller in magnitude than with and was some-

what inconsistent siance the magnitudes of (UA)ends at

one value of VW_. were smaller than thosa at a lower wvalue
: g

(6 i W’go

Thus the predicted magnitudes of YA, for Aire
no, 2 hecater, as shown in figure 8, are evaluated a
gum-of th UA calculated for the uniform full-fiu

T c
center section of heeter no. 2 from squations (4),
6

Y and the (UA)ends of heater no. 1 evaluated

n wiath Wa previously shown, accordin
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a, = (UA) Aty = (UA)center o (UA)ends At in (7)

This eouation is exact only when the temmerature potential
between the axhaust gas and the ventilating air is constant
along the length of the heat exchanger. Tris is annroxi-
mated for an sxhaust gas and air h=sat exchanger in which
the temperature potential is large and the A&t;  1is a

mean value of this potential.

Pressure Drop

The non-isothsrmal mressure drov of either fluid
through the heatsr was predicted from isothermal msasure-
ments by means of th=a equation

i a
P T 3\ s o ¥
3, G \ 3. Tg
AP = APTi O\ __..._..) o (.;j::/ e _/___ <] (S)
sO0 oN0
\Tig0 PR e \Tl
where
LPm, isothermal ‘predgure!drop diue ‘to friection 2%
18
te0 temperature T4,/

T. and T2 mixed-mean absolute temperatures of fluid at the
rlet and the exit of heater, respectively

e

Ta arithmetic average of Tl and Tz
G fluid flow per unit of cross-sectional area
Y, unit weight of fluid at inlet to heater evaluated

at temparature T,

The heat transfer and pressure drop data for Airesearch
heater no. 2 obtsinesd from tests vith the air-shroud open-
ings on the same side of the heater ares presented in table I
and those from tests with thes air-shkroud openings on opposite
sides are given in table 1I,

A comparison of measured and predicted pressure drovs
along both sdides of thie heater'ds pregented in’teble LII
and shovn graphieally in figures @ to 11,
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DISCUSSION OF RESULTS CON AIRESEARCH NO, 2 HEATER

Since the accuracy of temperature measurements vas
much greater on the air side of the heater, the enthalpy
change of the ventilating air was used to determine the

thermal output of the heater.

The average measursd temnerature change of the ex-
haust gases during passage through tke heater was about
750 B A l-percent error in the determinntign of either
inlet or outlet exhaust gas temperature T, = 1400° F
could cause an error of 19 percent in the determination
of the temperature change of the gas. The poor heat
balances obtained for these tests may be due to this error
in measurement and also may be due vartly to incomplete
combustion of the exhaust gases.

At a ventilating air rate of 400C pounds per hour
the over-all thermal conductance UA was 14 percent
lower for thig heater (Airesemrrch no. 2) than for the
larger (Airesearch no. 1) heater at an exhaust gas rate
of 7300 pounds per hour and 11 percent lower at an ex-
haust gas rate of 4200 vounds mer hour. (See reference 1
for results on Airesearch no. 1 hsater.)

The isothermal nregssure dron on the ventilating air
side of the heater was 17 mercent less and on the exhaust
gas side 30 percent less for the smaller heater (Airesearch
no. 2).

The heat transfer length vas reduced bv 21 percent and

D

: ] :
the diameter of the heater by 5= percent for the smaller
{5]

unit as compar=d with Airesearch heater no, 1,

The measured heater surface temmeratures were ahout
1% percent lower for the smaller heater than for the larger
heater at corresvonding fluid rates and temperatures.

Reversing the position of the outlet ventilating air
header, thus causing the air-side orenings to b= on opposite
sides of the heater, did not arpreciably affect the rate

of heat transfer, (See fig. 7.) The corresponding iso~-
thermal pressure drops vare about % percent greater with

the reversed arrangement, The heater temperatures were from
10 to 15 perecent higher at the outlet end of the heater for
this reversed arrangement; whereas the heater temperatures
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The predicted magnitude of the non-isothermal pres-
sure drop derived from equation (8) compares well with
the measured value when the air-shroud openings were on
the same side of the heater, (See fig. 9.) The deviation
between predicted and measured values for the reversed air-
shroud arrangement may be due to the increased pressure drop
caused by greater contraction, expansion, and eddy losses
occasioned by the reversing of the ventilating-air outlet-
header duct. (See fig. 10,) The isothermal pressure-drop
term APTiso used in equation (8) should be that due to

friction alone.

The predicted non-isothermal pressure drops on the
exhaust gas side of the heater are about 15 percent lower
than those measurad in the laboratory. (See fig. 1l1l.)

An inspection of figures 9 to 11 revesals that the
slope of the non-isothermal pressure drop curve 1s less
than that of the isothermal one., At high weight rates
the temperasture. change of the fluid is small; this causes
the last term in equation (8) T,/Ty -~ 1 to be small and
thereby lowers the magnitude of the non-isothermal pressure
drop. Also on the ventilating air side the non-isothermal
pregssure drop must coincide at an infinite weight rate of
ventilating air with the isothermal pressure drop since the
inlet and outlet air temperature would be equal -~ that is,
isothermal.

. The thermal performance of Airesearch heater
no. 2 can be estimated to within 3 4o 17 parcent by use of
the method described in this report.

2. The non-isothermal pressure drop due to friction
can be approximated from measured isothermal pressure drop
values by means of egquation (8).

3. A reduction in length from Airesearch heater no. 1
by 21 percent and in diameter by 5% percent reduced the
thermal performance by only 10 to 14 parcent. On the ex-
haust gas side the pressure drop was reduced by 30 poercent
and on the ventilating air side the pressure drop was re-
duced by about 17 percent.
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4, The alternative avrangement of tha cutlet
ventilating air header for which the air inlet and
outlet openings vere on opposite sides of the heater
did nnt greatly affect the thermal or pressure drop
characteristics of Airesearch heater no., 2 tested here.

University @f Califernia,
Berkeley, Calif.

APPENDIX
TENTATIVE EQUATIONS FOR TEE CALCULATION OF THE

UNIT THERMAL COXNVECTIVE CONDUCTANCE ALONG A
FINNED OR UNFINNED HEAT EXCFANGER

INTRODUCTION

The flow of a fluid along a flat-plate fin or at
the entrance ef a tube or duct placed in a field of uni-
form velocity may be avproximately deseribed as fellows.
A laminar boundary layer of retardesd valocity is initiated
at the edge of the fin or tube and increases in thickness
with digtance from the entrance. If the turbulence in the
fluid er the surface roughness, etc., is great enough, the
flow in this boundary layer may becoms turbulent. As a
first approximation the flow characteristics near the tube
inlet may be considered to be those along the leading edge
of a flat plate. At some point downstream from the entrance
of the tube, howvever, the retarded lavers along the walls
may fill the tube completely. The same condition applies
to flow between fins placed in close Proximity. (sSee
sketeh on p. 21 and fig. 3 of raference 3.)

The relative thickness &/x of the boundary lawver in the

: s 2 - — 5 3
lamjinar regime varies aprroximately as Re ©:5 and the thick-

0.5 : Ip
ness 0 as x °; whereas the ratio I R . variess as
G Cy Re Pr
=0 .5 —-0.5 3 3 S
Re or as X , Where =x is the distance in the direc-

tion of fluid flow measured from the entrance of the tube (or
from the edge of the flat<plate fin). If the boundary layer is
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turbulent ity relative thickness:. §/x @ wariesias
L
a 3 ) PO
Re~%'2 and the thickness & as x9'®) wvyhereas the
; Nu : —gen
ratio = varies as Re or a8 X °
G cp Re Pr

The corresponding functions in the region of transition
between laminar and turbulent flow are less well known.
Downstream from the point where the fluid flow is fully
developed (tube completely filled by boundary layers),
the unit thermal conductance is independent of the dis-
tance from the tube entrance and *dpends on the hydraulic
diameter of the tube. When the location of this point of
fully developed flow is knowan, the cquation for the unit
thermal conductance along flat plates and for that in
tubes may be used to appﬂoximato the conductance as a
function of the heat exchanger length.

The onduptance equations reported earlier (see
ferences 2 and 3) may be rewritten in order to take
into account the variation of the unit thermal conductance
fc with exchanger length by a tentative method derived
as follows:

re

+

Derivation of Egquations

For the turbulent regime the averaze unit thermal
conductance for the length 1 along a flat plate (see

raference 3) is
-4 L0sB8B 1042 _0aB
f, = 9.36 x 107" T 1 ¢ 23

he loeal
Th loc &

or point value of f ney. bo found from the
expression (see roference 4, p. 38):

£, = £, (lsn) (10)

where 2 1s the axpomngat of Lt (-0.2) 4 egquatirn {(8)s so
that

(11)
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diameter D (see references 2 and 3) is

5eS58 ¥ 1Q™* pPtEFE &

DO-B (12)

a tubular he exehanger or in the
e fing the conﬂuctunue near the
on (1l1) and that near the end of
LId) «

correct mechanism of heat transfer at any point
characterized by the equation yielding the greater
of f, at that poin By equating the Tigdt
equations (11) and ’l ) the vaiue of x/D for

is 4.4, refore at a distance of 4.,4D
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da ived from equations (11) and (12)
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&
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space between
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the passage by
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developed
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int where
the local value
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higher value of £
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length 1  up to the
equation (9).

yield up

Ls
4.4D, th

a
X = is 0
m

he

anv
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froam

point

For distances along a tube, channel, or fin greater
than =z = 4,4D, the local value of f_, from eguation (12)
is higher (furthermore it is cons:ant with length). Theres-
fore equation (12) is used %o calculate the local Tal ‘inT
all values of x YDbetween x = 4.4D and the end of the tubde
OVF P ELTELC

The average value of fc for a distance greater than
X = 4,4D 1Is a combination of eQTatlons (11} awd €12), Fer
a tube of hydraulic diameter D ani tength” L 2 2.4D, the
average fc would thus be

- ‘X::"i—-"'t'} x=L
T A | f f. Ax + f £, dx ] (13)
c L L .l_q = - cp T |




Let equation

Hy

where

Equation (13

(=N
i

)

(12) be written as

il

and., since
£ ofe
Cp 7
. i
1 = *=
9 L
or
d:
£ = -
¥ - i
iy L
and
n
~
Hence
e y T7.49
oL c - i i

749 % 107

becomes

]

0.8
4 0. 208 G X Be
One -~ O
o X
‘ -4 0,296 ,0.8
49 x 10 gt G
c i ]
- " o =3 |
=Ty dx o+ /./ Lo GX |
B ‘A:{: . ‘T:, =
it 1

Ay Ce8 1
(4.4D) + fo (L-4.4D) |
v !
~ 2l onzse )l los
.49 % 10 T ¢
% 4 A1
OB 96 ;OB k. 4D
m ¢! ettt B o (el 2
("'}.LLD)‘ i D

4ty

-
<)

)

]
]

(14)
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It can be seen from equation (11) that the tarnm
0.8
& 4 0+28986 &
49 x 10 i —_—
4'4_?))')02
is equal to fcx for x = 4.4D which was shown to be
also equal to fep at this value of =, So equation (14)
can be rewritten as
1 fe . i
fo == |=—=2 4.4D + f,_ (L-4.4D) |
(& ) =
-~ - o O ‘ i
= 1,28 % 4ob B fup P B e sua D 2o
1 ~¢ " 3 it D
D 4) . &4
‘.} A4
- B w 4.4 = ¢ o
ORI 2 BRI A I .ch + ‘CD
. D |
£ = f L+ 1,1 = | (15)
(¢! CD i L

s Sl 3 . > o :

Heance for tubes or fins of lensgth L = 4,40, where D
1s the hydraulic diameter, the averase conductance fo Ais
greater than that expressed by equation (12), usine the
hyvdraulic diameter as the significant dimension, by the

2 v g
D . s
multiplier l +,1.1 <|s For'a cireular tube in which
! L
. L’ —J
D =1 inch and L = 12 inches thig factor is 1,092, in-~
dicating a 9.2 percent correction to equation (12),

The eguations abowve em where a fin

or tube is nlac“d in a distribution
Tl ' sitlion of t from laminar to
W oecurs of the boundary

In the actual system where fins are attach d tp &
surracs over which a flui 0\ t lwddlng edge of -
the fin or flat plate e 8 nonuniform distri-
bution of fluid velocity siqce the velocity is zers at the
wall or base of the attached fin.




Another
continuous
b7

found ia &
are cut or slotted

deviation 1isg
fetn's
velocity

)LV
to initiate boundary layers at each
are narrow,

The effect of placing cuts or s

at regular intsrva
distribution may or may not De
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he system where long

pligie
appropriate

slot if ‘the 'slots

lots of various sizes

and spacings along flat-plate fins is being investigated
at present in the laboratory. ixperiments are also being
planned to determine the unit thermal conductance as a
function of the g¢xchanger length na2ar tue inlet.
Recapnitulation of Eguatioas
The following criterion ig presented tentatively
(turbulent regime established in bn boundary layers):
Iy oy O % & 4,47
(a) The local conductance fﬁY at the distance
X 1s expressed Dby equation (11)
0.8
. Woe -4 0,898 6
f. .= 7.49 x 10 T (11)
o =0 8
(b) The average conductance fcl for the length
x 1is given by equation (9)
~0.8
: i -4 nmO0e298 U
By = 8486 % 0% ¢ e (8)
X
Rer LEon X S 4.4D
(2) The local constant conductance feo~y» expressed
e D oy
by equation (12), is 1idegende“t of th
distance from the entrance of the he
exchanger. Thus
s B
£ = 5 N - n0.296 -~
£ois 5.56 % 10 T =3 (12)
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21

fCD from equation (12)\\
N

from equation (9) o

from equation (11) ’

i i

) 10 > 14

g

Distance from pipe entrance, diameters
'

Q\ I' =
B S AT
— = =
q o T ~ ~turbulent boundary layers
- - v =
N N
N N
\ N
N
\ N o
S “For O < x = 4.4D
N\
\\ fcx from equation (11) (local wvalue)
N
\ fcl from equation (9) (average value)
\
\
\

“Wor 4.4D S x < total length

£

Gy from. equatdion (12) . (locall valae)

£ from equation (15) (average value)

),




Discussion of Previous H=ater Results

The significant ratic of the heat-exchanger dimensions
x/D = 13,5k for the distance %to the noint of fully developed
fluid flow reported previously (ses reference 3) was in
error, sSince it was derived by equating the right sides o
equations (9) and (12) instead ¢f =zavations {(11) and (12)
as previously shown,

3

;itudinally Finned Tubes.- Thus th
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conclusions

o7 1

reached (re 4 _,) concerning the method of
Yating the rate of heg transfer from n 6-inch-long fin
arc partly in srror. It was stated that since the ratio
of L/D ifas less than 13.h the fc from equation (10)
(using L) yielded the correct heat flovw; whereas the use
of GQUduiﬂn (9) (using D) yielded heat-Tlow rates about
3 nercent belovw the measured rates. For the 6-inch fin
the ratio of L/D was 10.9 for the ventilating air side
and 7.8 for the exhaust gas sicde (arithmetic average is
9.3). These ratios then ars freater than L/D = U k. .
hence equation (15) shovld have been usa=d. By using the
arithmetic* avsraze L/D = 9.3, the multinlier
5 " .
becomes approximatelw 1.12, or a correction

i

al-

c1l
XS

H 0o

- m

(e

o Rk 3

% i
of 12 percent over that which was obtained by using fCD
alone which yielded low rat a2t transfer by 3 per—
cent. Thus the predi s ¢e“t transfer would
have bezn § percent above t asured value., That these
predictions were high may be ernlained in part by the
probable ineffe Ctl"°he g lof v he slohe plac > d af 4 -inch
intervals alouns the fins, since oaly a small g: ( /16
inch) was used. (3ee conclusion % on p. 28 il reference 3.
The predicted results of the heat flow from the 52-
inch fins (see referencs 4) are not, however, appreciably
affected, since thse correction chtor in equation (15) is

Only 1-01)-“, which means ﬂllly a, 4-.1)5:1'091\. error
Airesearch Fo._2 heater.~ The over-2ll thermal con-

ductance of the Airesearch no. 2 henter Jdescribed in this

report hes been recalcmlated vsing equation (15)% Thus

*The correct result would be obtained by correcting the
fc on the air and gas sides by the corresponding values
of L/D and recomhutins the over~all conductance U,

ORI - TR TR



equations (5) and

(6) are rewritten as

O‘Q <
ﬂ - = snoe . Bay LT Da x
CEa E BeBE R G g 0PN el YL 8 LN (52)
a o8
i: R L
and
0.8
n = -4 0.296 GL" / :Dp'\'.
1 2 5..80.x.1€0 Jh - (62)
Ce Gl T ’ e
& D, \ L
€
The previous measurements of naeat trangfer.on the
larger Airesearch no., 1 heater were used to compute the
thermal effect of the tapered end sections Dby sub+*4cting
the predicted over-all thermal conductance of the full-
fluted center section from the total conductasnce derived
from lzboratory messurements. However, equations (3a)
and (6a) were used to predict the conductances in the
full-fluted center section instead of the analogous
egquations (5) and (8) without the multiplier (1 + 1.1 D/L).
The conductance of the =2nds, which are practically the
same 28 those on the smaller Airesearch no., 2 unit, was
found to vary in the following manner:
A
W, 4% SR
: ol
(lb/hr) (Btu/hr °F)
3000 { 70
Q0 81
00 85
The over-all conductance of the Airesearch no. 2
heater was then found by adding the conductance for the
uniform full-fluted center section predicted for this
haater by means of equations (4), (5a),. and (6a) to the
value of (UA)en&s for the larger no. 1 hesater evaluated
at the corresponding air rate W; from the tadle above,
using the approximate equation (7)
oy TT A = A ) ~
Qg = (UA) Aty = ](uA)center + (UA) 5.3 1 At n £
[
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The resulting magnitudes of the over-all thermsl
conductance using equations (4), (5a), (6a), and (7)
are within 1 or 2 percent of those derived from the use
of equations (4), (5), (6), and (7), shown in fig. €,
which do not take into account the L/D effect in the
full-fluted center section,

However, the use of equations (5a) and (%a) vields
values of UA along the center full-fluted section*
vhich are 3.2 mpercent higher for the larre Aireseéarch
no. 1 heater and 6.4 mercent higher for the smaller
Airesearch no. 2 heater than is tke value of TUA ob-
tained by use of equations (5) and (6), ™he method
used in this report for establishineg the heat flow
through the tapsred ends of the heater therefore masks

the variations of U4 aused by use of the tvo forms
of the equations for f, along the center sactions of
the heater. That is the difference in the wvaluse of

UA for the center s@ction pf the larpe no. 1 heater
resulting from use of the twvo forms of th= eaguations

for f, 1s absorbed in the tapered end correction (‘A)Pnds
and carried through to the calcul=tion for the smaller

no, 2 heater, This difference does not than apprar in
the“final valu= of UA.

Airesesarch_po._l_hkzater.- For the larger Airasearch
no. 1 heater the use f =2quations (5a) and (6a) in the
computation of UA (gsez raference 1) vould have decreased

the discrepancy hetween the measured and predicted values
by about 3 percant, (The discrerancy renorted was as much
as 18 percent.,)

Solar fluted-type heater,~ For tho Solar fluted-tyv-
ference 1) the ratio of L/D v about

‘a8
i= 1,073. This

a) would have reduced
ed and measuresd magni-
to about 13 percent.

*For the full-fluted c=nter sections of the Airesearch
heaters the magnitudes of L/D for the larrce no. 1 heater
is 34.0 and for the smaller no, 2ineater 1t ALS L2

the discrewancy between the

|

.

factor used in equations (5a) and (6
D t
tudes of TUA from about 20 percent
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% Arithmetic

average

of three surface temps.

measured near exhaust-gas inlet

to heater.

outlet to heater.

(see Fig. 6 )

TABLE I.— AIRESEARCH FLUTED-TYPE HEATER *2
AIR —SHROUD OPENINGS ON SAME SIDE
HEATER OVERALL
AIR SIDE — EXHAUST~- GAS SIDE — TEMPS. [PERFORMANCE
g ‘ *
Ta.. T;:. ATa | Wa APQ. %a Tél 1;; AT‘S W9 APQ I %9 % tl* tz A%") (UA)
° ° ° l"._)_ Inches| KBtu ° ' o o _'_‘2_ Inches KBt E o . a o Btu
%‘: F & Flhr| mo | hr | F F Fl hr H.0 h,.u 7 F F | heoF
/ 97 | 358 | 26/ |4000| /2.0 |252 | 141l | /327 |38 | 7690 | 7.08 | 80.0 | 0.32| 404 | 6/6 |//60| 2/7
l 97 | 378 | 281 |3400| 9.00 |23/ | 1420|1385 |35 | 7740| 7.30 | 74.6 | 0.32 | 440 | 667 |//60| /99
3 97 | 410 | 313 |2700| 610 (208 | /411 |/1368|43 | 7690|730 | 91.0 | 045 | 484 | 718 |1/30 | 184
4 Q5 | 400 | 305 |2750| 6./10 (203 | 1398 (/355 |43 | 7230 | 665|835 : 0.42 | 493 697 1130 | 182
S | 95 | 358 | 263 [3400| 920 (217 [/394 (1320 | 74 | 7230 | 650 | 147 |068 | 413 | 624 (/130 | /92
6 93 | 333|240 |4/00|/23 (238 | /390 /360‘ 74 | 7230 | 645 | 147 | 0.62| 373 58/ 1140 209
7 89 | 319 | 230 |4/00| 625 (228 | 1403 | 1282|121 | 3940 | 445 7| /197 0:87 346 54/ |1/130 | 202
8 89 | 344 | 255 |3350 | 875 (207 | 1394 /325| 69 |35940 |45/ |/13 |0355 | 386 |58/ |i140| /82
9 89 | 377 | 288 |2650| 600 |/85 | /38511312 | 73 | 3940|460 |//9 |065 | 43/ | 64/ [lIl0 | /67
10 | 90 | 430 | 340 |2000 | 367 |/64 | 1424 | 1368 | S6 | 3945 | 474 | 9/4|036 | 5/9 | 748 (/120 | /46
/] 93 | 395|302 |/9350 | 3.60 |/42 | 1420 | 1338 | 82 | 4230 | 2.70 | S54 | 0.67 | 448 | 654 |//20 | 127
/12 89 | 347 | 258 |2640 | 390 |/165 | /398|/3/12 | 86 | 4230|270 (/00 |0.60| 377 | 572 |[/30 | /46
/3 86 | 308 | 222 |3440 | 890 |/85 | 385 | 1282 |/Q3 | 4230 | 260 /120 |0.65 | 328 | s02 |//30 | /64
4 | 85 | 284 | /99 4200|124 203 | 1408|/3/2 | 96 | 4230|2.60 | /12 (065 | 292 | 466 |//175 | 173

9a
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TABLE II.— AIRESEARCH FLUTED-TYPE HEATER *2
AIR—SHROUD OPENINGS ON OPPOSITE SIDES

HEATER OVERALL

AIR SIDE -— EXHAUST-GAS SIDE TEMPS. PERFORMANCE
* *

AR | g e e Aty | (UA)
8 o - ol

Run Ta. ilaz ATa | Wa APaII %a Tg. ng AT:? W5

F °F | 1bs | Inches KBtu °F °F | °F | lbs |Inches| kBtu
he Hz0 hr hr Hz0 hr

o Q
No. 5 hreF

29 | /04| 362 | 258 (4150 | 123 | 259| 1407|1368 |39 | 79/0 | 700 |85.0| 033|339/ | 672 | /150 | 225

30 |/04| 380|276 |3560| 9.65|239 1415|368 |47 | 7940 7.00 |/03 | 043|424 | 77 | /145 | 208
3/ /00 (422 |322 |2770|6.20 | 216 |1424|/364 |60 | 7940|735 |/3] | 0.6/ |493| 815 |//125 |192

32 |r02| 373|271 |2770 | 595|182 | 1420| 1360) 60 |4490 |2.60 | 741 | 041 | 400 | 674 //45 | 159

33 | 98 | 332|234 |3560| 905|202 | 1415 | 1334| 81 |4490|2.50 |/00 | 050 | 341 | S89| /60 (/74
34 |96 | 311 | 215 4290|122 |223 |1403 (/316 |87 [44901250 [/08 048 |30/ | 52711150 |194

¥ Arithmetic average of three surface temperatures measured near exhaust—gas inlet to heater. (see Fig. 6 )

* " " " " " " " " " " outlet " "

Lic
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TABLE III
AIRESEARCH FLUTED-TYPE HEATER NO, 2

PRESSURE DROP DATA

Measured Predicted Measured

isothermal non-— non-
Run W G pressure |isothermal | isothermal| T1 | T2 | Ty
drop pressure pressure
APq, drop drop
iso AP AP

(18/nr | (1b/sq £%) ol |
(1v/nr)sq £t) | (T44,=560°R)| (1b/sq £t) | (1b/sq £t)|(°R) [(°R) [(°R)

Air Side (air-shroud openings on same side)

14 | 4200 | 23,300 47.5 62.6 64,2 5u5 | 744| 645
5 | 3400 | 18,900 33.5 4g,0 47.8 550| 811| 680
3 | 2700 | 15,000 21.6 32.8 31.5 5571 870| 713

10 | 2000 | 11,100 12.3 19.1 19.0 550 | 890| 720

Air Side (air-shroud openings on opposite sides)

34 | 4290 | 23,800 54.5 T4.1 63.5 556 | 771| 663
33 | 3560 | 19,800 39.0 53+9 47.0 558 | 792| 675
31 | 2770 | 15,400 24,6 378 32,2 560 | 882 721
Exhaust Gas Side
3 | 7690 35,900 9.50 334 9 1871|1828|1849
6 | 7250 | 33,900 8.60 273 33,3 1850|1776(1813
10 | 5915 | 27,600 6.10 21,2 2L.8 188L4[1828|1856
14 | 4230 19,800 3+50 10.3 13.5 1868(1772(1820

These entries are taken from plot of AP, against W, or APy against
W_, since actual isothermal measurements were at slightly different fluid

g
P N\L-13
= 2 & 3
APTiso<Tiso> (3600) Y, €< 1> b

ratese.

9/-M



Fig. 1

NACA

‘puels 3893 I93®OY JOo uydexlojoud T oInITd







Ww-/6

NACA
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heater.

Figure 4.- Photograph of

heater in
test stand with air-
shroud headers in normal
position,

Figs. 2,3,4,5

Figure 5.- Photograph of
heater in

test stand with air-

shroud headers in reversed

position,
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Section A-A

Section B-B

Section B-B Air side Gas side
Cross-section area, f£t° 0.180 0.214
Wetted perimeter, ft 9.88 9.72
Heat transfer perimeter, ft 8,66 1 8.66

Weight of heater - 22% 1b, shroud -~ 105 1b

Figure 6.- Schematic diagram of Airesearch No. 2 heater and air shroud.
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Fig. 7
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Figure 7.- Thermal output of Airesearch No.2 fluted-type
heater as a function of ventilating-air rate.
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Figure 8.- Overall conductance of Airesearch No, 2 fluted-
type heater as a function of ventilating-air

rate.
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NACA Fig. 9
10 ’
Measured non-isothermal pressure drop
80F—x Predicted non-isothermal pressure drop
" O Measured isothermal drop /
/é/ Asothermal
601 /drop, air-—
i/ shroud open-
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1b
ft2 _-Isothermal drop,
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>
10
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Wa, 1b/hr

Figure 9.~ Pressure drop on air side of Airesearch No. 2 heater as a
function of ventilating-air rate.







¥ NACA Fig. 10

- 100 |

o Measured non-isothermal pressure drop
X Predicted non-isothermal pressure drop
O Measured isothermal drop
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AP, Slopeiso = 1,87

1b Slope, n_jgo = 1:-93
ft
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w- /6

10

- 1000 2000 3000 4000 6000
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Figure 10.- Pressure drop on air side of Airesearch No, 2 heater as a
F function of ventilating-air rate. (Air-shroud openings on
opposite sides.)
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y NACA Fig. 11
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Figure 11.- Pressure drop on exhaust-gas side of Airesearch No. 2
heater as & function of exhaust-gas rate,




