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WACA ARR No, 4H21

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

AN INVESTIGATION OF AIRCRAFT EEATERS

XIX —~ PERFORMANCE OF TWO FINNED-TYPE CROSSFLOW
EXJAUST GAS AND AIR HEAT EXCHANGERS
By L. M. XK. Boelter, A. G. Guibert,

J. M. Rademacher, and L., J. B. Slogey

SUMMARY

Data on the thermal performance and the static pressure
drop characteristics of two finned—type exhaust gas and air
heat exchangers are presented. One heater was constructed
of copper and stainless steel, the other was constructed
entirely of an aluminum alloy. Two different shrouds were
used in the tests on each exchanger.

The exhaust—gas weight rates used in the tests varied
from 1800 1b/hr to 5700 1lb/hr, and the ventilating—air
weight rates ranged from 1000 1b/hr to 4500 1b/hr. Static
pressure drop measurements were made across the exhaust—
gas and ventilating—air sides of the heater under isothermal
and non—isothermal conditions.

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

INTRODUCT ION

The two finned—type exhaust gas and air heat exchangers
were tested on the large test stand of the Mechanical Engi-
neering Laboratories of the University of California. (See
description of this test stand in reference 1.) These
heaters are designed for use in the exhaust—gas streams of
| aircraft engines for cabin, wing, and tail-surface heating
- systems,
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The following data were obtained:

1, Weight rates of exhaust gas and ventilating air
through the respective sides of the heat ex—
changer.

2. Temperatures of the exhaust--gas and ventilating
air at inlet and outlet of heater

3. Temperatures of the heater surfaces

4, Static pressure differences across the exhaust—
gas and ventilating-air sides of the heat ex—
changers for isothermal and nen—isethermal
conditions

This report is ome of a series of advance restricted
reports that describe research being conducted on aircraft

heat exchangers at the University of Califoernia under the
sponsorsiip of the Nationgl Advisory Committee for Aeronautics.

SYIBOLS
A area of heat transfer; and cross—sectional area of
one fin, £1°
Acg cross—sectional area of flow for either fiunid. 4 T

An cross—sectional area of flow for either fluid, meas—
ured within the heater, f

Ay area of heat transfer measured over the unfinned gur—
faces, ft*°

A, cross—sectional area of flow taken at the inlet pres—

sure measuring station, ft°

Ao cross—sectional area of flow taken at the outlet pres—
sure measuring station, ft<

Chy heat capacity of air at constant pressure, Btu/lb “y

ch heat capacity of exhaust gas at constant pregsure,
Btu/1b °F
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D hydraulic diameter, ft

fe unit thermal convective conductance (average with
length), Btu/hr ft2 °F

fe unit thermal convective conductance for the vegt%—
lating air (average with length), Btu/hr ft¥ °F

ng unit thermal convective conductance for t%e exhaust
gas (average with length), Btu/hr ft2 °F

fcu unit thermal convective conductance over the unfinned
surfaces of the air side using the hydraulic di-
ameter D as the significant dimension in equation
(6), (average with length), Btu/hr ft2 °F

(feA)e M"effective" thermal conductance of a finned surface,

Btu/hr °F

(foA), thermal conductance of the unfinned portion of the
finned surface, Btu/hr °F

g gravitational force per unit of mass, 1b/(1b sec®/ft)
T G weight rate of fluid per unit of area, 1lb/hr ft2

G weight rate of fluid per unit of area taken at a

section over the unfinned surface, 1b/hr ft?
s thermal conductivity of fin material, Btu/hr ft° (%r/tt)
X isothermal pressure drop factor defined by the equa—
Y 28
l significant dimension in equations for f, along a

flat plate; and the length of a fluid passage
measured from the entrance, ft

L length of a fin projecting into fluid stream, ft
n number of fins on either side of heater
P heat transfer perimeter of one fin (parallel to base

of fin) on either side of heater, ft

da measured rate of enthalpy change of ventilating air,
Btu/hr or k Btu/hr (= 1000 Btu/hr)?
I

k Btu designates kilo Btu

Bl Al it ok il A o s S e i e i b e sl
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g measured rate of enthalpy change of exhaust gas,
Btu/hr or k Btu/hr (= 1000 Btu/hr)

Tav arithmetic average mixed mean absolute temperature
o : Tl w Tg (0]
of fluid ————m== | R

5]
~

Tigo nixed-mean absolute temperature of fluid for ise—
thermal pressure drop tests, °R

i mixed-mean absolute temperature of fluid at entrance
section (point 1), °R

mixed—mean absolute temperature of fluid at exit

: section (point 2), oRr

Upy mean velocity of fluid at ninimum cross—sectional
area of fluid passages, ft/sec

U over—all unit thermal conductance, Btu/hr ft2 °F

(UA) over—all thermal corductance, Btu/hr °F

W weight rate of fluid, 1b/hr

Wa weight rate of ventilating air, 1b/hr

We weight rate of exhaust gas, lb/hr

Y weight density of fluid, 1b/ft°

Yy weight density of fluid at erntrance to heating sec—
tion (point 1), 1b/ft3

AP statiec pressure drop, 1b/ft®

APy ! static pressure drop (heater plus ducts) on venti—
lating—air side, inches H_ 0

APg' static pressure drop (heater plus ducts) on exhaust—

gas side, inches HEO

APayct isothermal static pressure drop across inlet and
outlet ducts of the air shroud or of the heater

15/£42 (AP!gyet = inches HEO)
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APhtr issthermal static pressure drop across the heater
Passages only, lb/ft‘ (AP'htr = inches HEO)

APjg0 total isothermal static pressure drop across heater
and ducts at temperature 1b/ft2

(AP';., = inches E 0)

Tiso'

¢ isothermal friction factor defined by the equation
2
AP _ ¢ 1 %
Y D 2g

Atpx mean temperature difference for crossflow os déw—
fined by equetion (43) of reference 2. 9

n viscosity of fluid, 1b sec/ft?

Ta mixed-mean temperature of vengilating air at en—
trance section (point 1), °F

Tas mixed-mean temperatureoof ventilating air at exit
section (point 2), °F

Te nixed—mean temperature of exhaust gas at entrance

* section (point 1), °F

Ters. mixed-mean temperat%re of exhaust gas at exit sec—
tion (point 2), “F

Px heater effectiveness for crossflow used in equa—
tion (46) of reference 2

Re Reynolds number = GD/3600 p g

Subseripts

a ventilating—air side

(o) convective conductance

es cross—sectional areas

e "effective" thermal conductances
g exhaust—gas side

h, htr heater
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igo isothermal conditions

non—iso non—isothermal conditions

u unfinned surfaces

X crossflow

DESCRIPTION OF THE HEATERS AND OF THE TESTING PROCEDURE

flow units with longifndingl fins in the exhaust—g;; side
and with short strip fine (5/32 in. deep) of 0.045-inch
thickness on the air side. (Sece figures 1 tc 5.)

One heater congists of a folded stainless—steel shell,

the folds forming the longitudinal fins in the exhaust—gas
side., Strips of copper which are attached (brazed) inside
these folds form the fins on the air side. The strips are
cut at approximately 5/Z2—inch intervals and the sections
twisted so that the fins are parallel to the flow of air.
The strip fins on the ventilating—air side are l%—inches v
long and the longitudinal fins on the exhaust—gas side are
1% inches long and 13% inches deep (along the length of the
heater) with tapering ends. There are 27 fins on the ex—
haust—gas side and 62 fins per row (27 rows) on the air
gide, giving a total of 1674 fins on the air zide.

|
|
|
The other heater consists of a folded aluminum—alloy ‘
shell, the folds again forming longitudinal fins in the
exhaust—gas side. Strips of aluminum alloy are attached

(welded) in the folds, cut at approximately 5/22—inch in-—

tervals and twisted so that they are parallel to the air

stream. The fins on the air side are 1% inches long and

those on the gas side are lé% inches long, the over—all

depth of the gas—side fins being 13% inches. Since there

are 26 fins on the gas side and an average of 58 fins per

row (26 rows) on the air side, the total number of fins

on the air side is 1508 fins.

Of the two air shrouds used on both heaters, one,
referred to as UC—1l, was designed to give full—crossflow
characteristics; whereas the other, referred to as A-7,
was designed to give "circumferential—flow" characteristics,
The latter shrqud is a crossflow unit with inlet and outlet
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ducts which are parallel to the heat exchanger. The inlet
duct contains vanes which change the direction of flow of
the ventilating air, bringing it perpendicular to the heat
exchanger. The shroud then guides the ventilating air
around the heat exchanger for almost 260°, This type af
flow will be termed circumferential flow. Diagrams and
photographs of these heaters and shrouds are shown in fig—
GEEEER el J5)

Calibrated square—cdge orifices were used for the
measurements of the weight rates of the exhaust gas and
ventilating air.

The temperatures of the exhaust gas were measured
with traversing shielded thermocouples. Unshielded trav—
ersing thermocouples were employed for the measurement of
the ventilating—air temperatures,?

Temperatures of the heater surfaces were neasured at
several points near the entrance to the heater. Static
pPressure—drop measurement were made across the ventilat—
ing—air and exhaust—gas sides of the heaters. Two taps,
180° apart, were installed at each static Pressure measur—
ing station. Heat transfer and bressure drop data for the
two heat exchangers using the two air shrouds are presented
in tables I to X, Plots of these data as functions of the
weight rates of the ventilating air and exhaust gas are
Presented in figures 6 to 19.

METHOD OF ANALYSIS

Heat Transfer

The thermal output of the heater was determined from
the enthalpy change of the ventilating air:

= \
Qa * Wa Cpa (Taa = Tal) (l/

hrmhich.cpa was evaluated at the arithmetic average venti-—

lating—air temperature as an approximation, 4 plot of Ga

Because this thermocouple was not shielded from radiation
to the relatively cooler duct walls, the measured tempera—
tures are slightly lower than the true air temperature, A
calculation shows the error to be less than 1 percent of the
temperature rise of the air as it basses through the heater.
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against Mq 21 of the exhaust-gas ra
-2 <l
(W.) is shown in fipurss 6 to 9.
{
For ths exhaust-gas side of the heater:
= W . Car - -
q{* & Ca \ By TL" )

o
@

" -]
no
~—~

The over-z1ll thermal conductance (UA) was evaluasted

from the expression.

s (U4) & tmx

where At . 1is the mean effective temverature differ

for crossflow of fluids. This term is shovn sranhicel
in reference 2 as a function of the terminal temnperat

of the exhaust gas and ventilating air.
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3« The thermal output of
other than those used

may be predicted by de ning (UA) at the de

Wwelght rates from fi 0

tud:u in equation (3
Pradi ct:rns 0

conductance (UA) were attenmnted. The exnression

was used (reference 2, equation by).

O

The terms (f A)__ and (r ‘)
conductances for fwnngR surfac.. i
of the heater, raspectively) ars
tion [referesnce 2, equation (3 5)
1Thisg method of correction does not take connizance of
variation of (UA) with the tempersture of the fluids

UA) with W, and with W, 1

of the magnitudes of the over-all ther

(3)

ence

1y

ures

Y esi
to 13 and using these magni-

mal

(the affactive tharmal
and gas sidec
from the equa-

"~ o.<496
(:c @ Tav ). TFor a mors comnlete method of correction
D

of (UA), see a
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= poeeee
,"""'*""—' ! fCP
(feale = n 't/—fcl:'kA tanh{_/-ﬂ L:l + fcu Ay {6)

where n is the number of fins, f. the unit thermal

convective conductance along the fin, P the perinmeter

of the fin (parallel to base of fin), k the thermal con—
ductivity of the fin material, A the cross—sectional
area 0 f the fin, I +the length of the fin (projection

of fin into fluid stream), 4, the unfinned heat trans—
fer area, and f¢, the unit thermal conductance over the

unfinned surface.

The unit thermal convective conductances feg and
fc, on the ventilating—air and exhaust—gas sides were
o
evaluated from the following equations:

(a) For the ventilating—air sides (see reference 2)

1., Unfinned surfaces

60
" IPRRPR. ¥ 1 T u (6)
~ fc’la = 5.u6 X .-,o .'av D8
D
2. Finned surfaces (see reference 2)
0.8
. —4. 0.298 &
fcq = 9,36 % 107" Lav oa (7)

i l

(b) For the exhaust—gas sides:

(finned and unfinned
* \
surface) (see reference 2)

foy = 88 X 10" AW o ‘Kl +1.1 3 (8)

In these equations D 1is the hydraulic diameter,
is the depth of the fins in the direction of fluid flow,
and G and Gy are the weight rates per unit of area
corresponding to the cross—sectional areas at the sections
concernped; that 1s, the finned and unfinned surfaces,
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re valid for the calculation
e for forced convec-

m
tv‘
o+
s
Q

¥y are anplied here
e is known about

tion in smooth str e
1
i fluid and heat flow
ce
h

as an 9nnroximmtlon, :nasmuch ag DLttt
the relation between the mechanisms o
when the turbulewnce of the tyme o

is Y ccasioned by large
. . / .
cddies. Eauation? {7) is vnTld fo1 t
duc ©

e determination of

'z

.

the unit thermal con te
the region downstrean from the polnt where the flow in the
retarded layer along the plate has changed from laminar

to turbulent flow. This eguation is applicable here he-
cause wWith great turbdulgnce in the stream the point of
transition from a laminay tc¢ a turbulent boundary layer
aprroaches the front edre of the mlate, thus making the
fraction of heat transferrad throuch the laminar boundary
layer small in comparisos with that transferred through
the turbulent dYoundary laver (which extends over ths re-
raindsr of the nlate)

ng a flat plate in

O

.

Semple_calculatigon. -~ Data taken from run no. 15,
4
L

aluminum-~nlloy heater using the full-

(2) Unfinnrncé surface

The unit thermal conductance alons the surface be-
tween tne fin rous

0.8
¢ e EEE g 1ot inBiRee 2B
Cus = av DO a2
95 + 158 : 0
Average temperature T,, = 22---Z-- + 450 = 591° R
n .
W Vot 1
: Wy 2650 1b/hr
Veloht rate Der unit areh G, = =% = acsanuiie
e 0. 325

|
C
r._J

55

S
et
o’

\

o
=
Hy
e

-

Eydranlie diameter D = 8 % cvececntioa.cung
wetted perimeter

s 76
1In reference 2 and alsc in all future reports of the
series, the exponent of T(0.295) has besn chanzed to 0.3,
auations have been chansed corrs-—

The COL.;lC"l‘C in the
spondingsly.
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0.8
- ~a \0.296 8160
feopg = .56 X 10 * (591) EO Z 0ol
W E \ .220)

= 6,64 Btu/hr ft° °F

Unfinned heat transfer area 4y, = 1.91 ft°

then (fod)y, = 12.7 Btu/hr °F

(b) Finned curface and unfinned surface

The effective thermal conductance

O it uran-s faP
o D 1» ¢ S 5l " A ).
(feh)en = n Vfg, P X 4 tanh Lv/kA L]+ f el

et P T

i

The unit thermal conductance along the fins (turbu—
lent bsundary layer)

GO.B
0.2

m0.896

fo 9.36 x 10~* Ty

]

e l

Tav = 591° R
Weight rate per unit area between fins

W 2650 1b/}
B % el o lo/fr = 8770 1b/hr ft2
Aecgs 0,302 742

(cross~sectional areas (ACS) is taken as that be—
tween fins)

The depth of fins in direction of air flow
1 = 0,0130 £t (5/32 in,)

e (8770)%°

0.2¢
so  fg, = 9.36 X 10~* (591)

(0.0130)%2

il

21.2 Btu/hr £t% °F
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Number of fins n = 1508
Perineter of one fin P = 0.0Z37 ft
hermal conductivity of fin material

/02N
k = 185 Btu/nr £32 (T
N =R

4]

Cross—sectional area of one fin A4 = 4.87 X 107 st?

L = 0,104 ft

)
(=
B

Length of one.
h

fhe effective thermal conductance on air side is:

e < s O o 5 7 7
1508 /21,2%0.0827 X 135 X 2.87 X 10-5 tanhv//ol'b 2 0. 038Y . 010448k,
135X 4,87 X 10-5

e —
e &
L wd) = nJf P k A tanh //~—i- + £ A,
el Ca . Lw kA . Cg 0
Unit thermal conductance
” - i 0.298 G oe
fo. = Bake X Jgr® ole?s & o0 /1 $ 1.1 —-'--\,
S o DC.B \ I/
Average temperature T%v = 268 + 879 + 460 = 13800'3
(= 2

We _ 2050 1b/nr

Weight rate rer unit ares
Acs 0.109 fte

G
1
|
[

= 18,800 1b/hr ft®

Hydraulic diameter D = 4 X

i
s
>

(@]

=

B
o
O
O
~2
1S
+Hy
ot
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Depth of finsg Il = 0,940 %

V4 ‘\
(1+1.22)=1.08
N
foe = 5.56 X 107* (1380

|

Heat transfer area between fins

Yunber of fing n = 26

Cross—sectional

Heat transfer perimeter of one fin

Thermal conductivity of fin material

7/ ~,

/OT
kX = 155 Btu/hr £t ( —=)

e/

area of one fin

Length of fin 1 = 0,099 ft

\

( 18, 80017
(0.0674)°2

23,0 Btu/hr ft® °F

1.39 ft°

0.0125 £3%

(foa)y, = 28.0X1.39 = 3.20 Btu/nr °F

(fod)e

264/ 23.0Xx1.91X15,5X 0.0123 tanh

28,0 X

X0.,089 + 23.0%X1.,39

vl 55X 0,0128

Over—all thermal conductance

(UA) = 3 =

{1

e -1
(Icn)ea + (fCA>eg

= 56.3 Btu/hr °F

The value of (UA) obtained from the laboratory data

was (see fig. 10).




FACA ARR No. 4H21 14

59.3 Btu/hr °F

/

1
|
1
I
|

] the effective mean temnerature
for crossflow, A graphical solution
the terminal temmeratures of the

[

ventilating air, is presented in
eference 2,

The isothermal static mressure dropvs across the
i heaters were calculated in the

The static pressure drop in the ducts of the
shroud (entrance and exit sections) was
measured at different air rates (see ref-
erence 3, table VII), and then a lorarith-

ie piloth of A ¢ ingt W

A "head lossz coefficic (X¥) for the shroud

“as computed from edquation (10) below, in
ler U ffect of the complex

on the air side:

The value of X 'as computed (see table V
to be about 3.5 for the coprer-stainless
steel heater and 4Y.9 for the aluminum-alloy
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heater (see references 3, 4, and 5 for
corresponding values for other heaters).

{b) For heaters with the A—7 shroud:

The shape of this shroud was so complex that
the pressure drop in the ducts alone could
not be obtained readily, and consequently
a head loss coefficient was calculated
on the basis of the over—all static pres—

sure drop measured across the unit (ducts,

shroud, and heater). The value of X

see table V) was computed to be approxi-

nateiy 7.9 for the copper—stainless steel

heater anf 6.1 for the aluminun—alloy
heater.

7

-~

2. Exhaust—gas side

al static pressure drops across the
BXﬂQhSu*guS sides of the heaters were obtained

(a) The static pressure érop across the inlet and
outlet ducts of the gas side (approximately
1/3 the magnitude of the over—all static
Pressure drop) wvas measured as a function of
the weight rate. These values of APgucts
were then used to obtain the static pres—
sure drop across the heater alone, accord-—
ing to the equation:

APhtr = LPjgo — APducts (83
where APjs o 1is the over—all measured
static pressure drop. The values for

APptyp are given in tadle VI, and those
for AFjge are plotted in figures 18
and 19.

A head loss coefficient defined to include
both friction and other losses was computed
on the basis of equation (10). The value

| of X was of the order of 0.687 for the

‘ exhaust—gas side of each heater.

An attempt was made to predict the static
bpressure drop across the gas side of
the heater alone. The procedure fol-—.
lowed was to compute the frictional

I pPressure drop in the heater by use of a
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suitable friction factor (@), a hy—
draulic diameter (D) and a mean length
(1) in the Weisbach equation:

A uhe
N T (11)
i D g

Then, the contraction and expansion losses
caused by the changes in area due to the
presence of fins were obtained by use of
the equation (similar to equation 11):

. z
&P g In” (12)
i 2g
where K 1is a head loss coefficient the
alue of which was approximated by consider—
ing it as the coefficient for sudden
changes in area. The sum of all these pre~
dicted pressure drops was then compared
with the experimental value of APhip
obtained according to equation (9).

For the copper—stainless steel heater the agreement
between these predicted values and the experimental values
cbtained from equation \9) was within approx lJ&telJ a5
rercent, and the agreement was within 10 percent in the
case of the aluminum—alloy heater.

Non—isothermal vressure drop.— The non—isothermal

static pressure drop across the air and gas sides of the
heat exchangers was predicted from the isothermal measure—
ments by means of equation (54), reference 2:

O T T F/An® Ta (480 ﬂ

APnOn-1"‘O —.Arlsd< '? \: +i‘ E‘ ) 1 = : ‘/ i +1 -—%. _...& -——1}——"‘1
Yiso/ \3600/ 2g7Y,4n® (45" RN

(13)

in which APjgp 1is the measured over—all isothermal static

pressure drop at the temperature Tigq; Ty =and T, ade
the mixed-mean absolute temperatures of the fluid at the
inlet and outlet of the heater, respectively; Tav is

. the arithmetic average of nd P53 W is the fluid
weight rate; Y, is the weight density evaluated at tem—
perature T, of the fluid at the inlet to the heater;

By

m
J.l b

,_)
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Ap 1is the cross—sectional area of flow within the heater;
A; is the cross—sectional area at the inlet pressure meas—
uring station; and 4, is the cross—sectional area of flow
at the outlet pressure measuring station.

A conparison of measured and predicted non—isothernal
static pressure drops across each side of the respective
heaters is presented in tables VII to X and is shown graph—
jeally dntiioures 14 to 19,

DISCUSSION

The results of the tests on the two finned—type heat
exchangers are shown graphically. The results obtained
for the copper—stainless steel Leater are shown in fig-
ures 8, 9, 12, 18, 16, 17, aend 19, end thoge for the
aluminum—alloy heater are shown in figures 6, 7, 10, 11,
14, 15, and 18, ZEach heater was tested using the circun—
ferential—flow shroud (designatcd as A-7 in the figures)
and the full—crossflow shroud (designated as UC—1 in the
figures).

The corresponding physical dimensions of the two
heaters are approximately equal (see figure 5). The nain
difference is that the metals used in the construction of
the heaters have dissimilar thermal conductivities. There
are differences, also, in the number of fins on each heat—
er;.and, furthernore, the fins on the exhaust—gas side of
the copper—stainless steel heater taper morec sharply at
the ends than do those of the aluninum—alloy heater (see
figure 5),

The two shrouds exhibit differences not only in con—
figuration and in flow characteristics, but also in the
cross—sectional areas of flow: the area of the circum—
ferential—~flow air shroud (A-7) Ybeing 0.0985 £t° and
that of the full cross—flow air shroud (UC—~1) being
0.262 ft2, A further difference, of course, is that the
flow path for the circumferential—~flow air shroud is twice
as long as that for the full—crossflow shroud.

Heat Transfer

Because of the similarity of construction of the two
heaters, examination of the data should reveal what effect
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the variation of the conductivity by the use of different
netals and variation of the configuration of the air shrouds
has upon the performance of the unit. This information can
be obtained from a comparison of results taken from the

data at a particular weight rate of exhaust gas and venti-—
lating air,

Heaber Air shroud W; Wy (U4) Py g
(1v/nr) (lo/nr) ( Btu/hr @) (in. B 0) (in. H,0)
Copper—stainless

steel A~T 5650 2500 140 20.0 15,0
Ul-1 5650 2500 85 1.82. 1590

Aluminum—glloy A7 5660 2500 100 1L} () 16,2
UC-1 55890 2500 72 168 1Tea2

The foregoing table is not the correct basis for com—
pariso“ because the temperatures of the exhaust gas wihich
obtained during the tests on the copper—stainless steel
heater were higher than those which obtained during the
tests on the asluninum—alloy heater (1600° as against 1000°F).
: Because of this difference in the average fluld temperature

on the gas sides, the values of (UA) should be corrected,*
but it can be shown (see appendix A) that the correction
for this difference in the average temperature of each
fluid is of such a mabnltude that any conclusions drawn
from an inspection of the foregoing table wowld not be in—
validated by its application.

Comparison of heaters.~ The results shown in the
foregoing indicate that the over—all thermal conductance
(UA) of the copper—stainless steel heater using the A-7
shroud is 40 percent greater than that of the aluminum—
alloy heater using the sane shroud,

1a : Ey : :
From equation (3) it is evident that the term (UA) is

independent of the mean effective temperaturc difference
Obnx. It is, however, a function of the average fluid
tenperature on each side of the heater inasmuch as it is
- a function of the unit thermal conductances on each side
of the heater (the unit thermal conductance fo varies
with the 0,296 power of the absolute temperature for tur—

- bulent flow in ducts and over flat plates).
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The difference in the over—all thermal conductance
of the two heaters (when using the same shroud) lies main—
ly in the difference ,of the thermal conductivitics of the
netals Wsed in the construction of the heaters (the thernal
conductivity of copper is about 26 percent greater than
that of aluninum, while the thermal conductivity of alumi-—
num is about ten times that of stainless steel), but the
differences in cross—sectional areas of fluid flow, nunber
of fins on either side of esach heater, the respective di-
nensions of these fins, and the difference in the average
temperatures of the fluwids (8ue to a difference in the
inlet temperature of the exhaust gas) nust also be con—

sidered (the unit thermal conductance fe varies as
g 0296
L )o

Inspcction of the thermal conductances of the two
heaters using the circumferential—f1low (A=7) shroud,
which are shown.in figures 11 and 13, reveals a 40 per—
cent inercase in thermal conductance obtained with the
copper—stainless steel heater. An increase of about 16
vrercent, as seen from the predictions, can be ascribed to
the differences mentioned previously. The relative of—
fect upon the heat transfer, of the difference in the
cross—sectional areas of flow can be estinated by refer—
ence to table V, which shows a much higher pressure drop
for the heater—shroud combination with the smaller cross—
sectional aresn. Inclusion of the heat transfer by radia—
tion and the heat transfer through the stainless steel of
the fins (both neglected in the prediction; see appendix
B for a discussion of the latter) would account for ap—
broximately another 14 rercent of this difference.

The over—all thermal conductance of the copper—stain-—
less steel heater using the UC—1l shroud is about 18
bercent greater than that of the aluminum—alloy heater
using the same shroud (see preceding table). The pre—
Gictions, based on equation (5), indicate that an increasa
of about 14.5 vercent can be ascribed to the differences
in heater construction, mentioned in the breceding para-—
graph. Consideration of the contribution of radiant heat
transfer would decrease the discrepancy, of course. When
the circumferential—flow (A—7) shroud was used on the
copper—stainless steel heater some of the brazing in the
folds of the heater melted and drained out. Consequently,
the heater performance was impaired when the heater was
tested later Uusing the full—crossflow shroud. The de—
crease in heat transfer due to this loss of brazing is the
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reason for the apparent closer prediction of the perforn—
ance of this heater when tested with the full—crossflow
shroud.

Comparison of air shrouds.— Comparison of the over—

all thermal conductances obtained with each heater as a
function of the two shrouds indicates that the circun—
ferential—flow shroud has better thernal characteristics
than the full—crossflow shroud. This is to be expected
because the smaller cross—sectional area in the circun—
ferential—flow shroud produces a higher weight rate per
unit area, resulting in an increase of the unit thermal
conductance (decrease of the thermal resistance) on the
side with the controlling thermal resistance. For the
copper—stainless steel heater, the thernal conductance
obtained with the circumferentisl—flow shroud is about

65 percent greater than that obtained with the full—cross—
flow shroud. For the aluminum—alloy heater, however, the
thermnal conductance obtained with the circunferential—
flow shroud is about 39 percent greater than that obtained
with the full—crossflow ghroud.® This increase in the
thernal conductance is not the same for both heaters,
mainly because, as mentioned previously, some of the braz—
ing in the folds of the copper—stainless steel heater
nelted and drained out of the folds during the runs while
using the circunferential—flow shkroud. Thus, the per—
formance of the heater during the runs with the full—
crossflow shroud was adversely affected.

Predicted perforuances.— The predictions made for
the copper—stainless steel heater using the A-7 shroud
are on the average within 18 percent of the measured
values, indicating that thc nethod used (see appendix B)
is satisfactory for the prediction of the performnance of
conposite (bimetallic) fins. The predictions for this
heater using the UC-1 shroud are, on the average, with—
in 14 percent of the neasured values.

The accuracy of the predictions of the heat transfer
of this heater can be increased if consideration is given to the
effect of gaseous radiation and radiant exchange between

1It should be noted, however, that the isothermal pressure
drop on the air side, using the circumferential—flow air
shroud, is several times that of the full—crossflow air
shroud when they are used on either of the two heaters
(see discussion of the pressurc drop).
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heater surface (about 7 percent increase in the value of
(UA)) and the heat transfer threugh the stainless steel
rortion of the fins (about 7 percent increase in the
value of (UA)).

The aluminum—alloy heat exchanger did not present
the difficulties accompanying the analytical treatnment
of conposite fins and consequently the predictions of the
thernal perfornance were accomplished with greater ac—
curacy. ZThe average deviation of the predicted over—all
conductance fron the measured values was, on the aver:zge,
less than 3 percent using the cricunferential—flow shroud
and, on the average, about 8 percent using the full—-cross—
flow shroud,

Isothermal Pressure Drop

Pressure drop along the gas side.— The pressure drop
across the exhaust—gas side of the copper—stainless steel
heater is about 60 percent of that across the exhaust—gas
side of the aluminum—alloy heater. This is due, no doubt,
to the greater cross—sectional area of flow of the copper—
stainless steel heater. The predictions of the isothernmal
pressure drop were within 8 percent of the measured value
in the case of the aluninun—alloy heater, and within 30
percent of the measured value in the case of the copper—
stainless steel heater. he pressure loss coefficient K,

Fiso up ? |
——— = K ——, was about 0.68 for the alumi—
2g
nun—-alloy heater and about 0,63 for the copper—stainless
steel heater.,

!.

defined by

Pregssure drop along
rate ef ventilating air, pressure drop using the cir—
cunferential—flow shrou about ten times that using the
full-crossflow shroud in the case of the aluninum—alloy
heater and about six times the latter in the case of the
copper—stainless steel heater, The differences in the be—
havior of the two air shrouds can be ascribed to the dif—
ference in cross—sectional areas of flow, and also to the
increased losses caused by the turning characteristics of
the circumferential—flow shroud and to the differecnce in
the length of the flow paths. It nmust be kept in mind,
however, that the use of the circumferential—flow shroud
nade possible an increased heat transfer perfornance.

)
s
0]

alr side.— For the gsame weight

z cof [ct
O
o
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Non—isothermal Pressure Drop

The prediction of the non—isothermal static—~pressure
drop fron the measured isothermal pressure drop, by means
of equation (54) of reference 2, was successful in every
case. (See figures 14 to 19.)

Heater Surface Tenperatures

The maxinum heater temperatures recorded (therno—
couple located at tip of exhaust—gas side fin near gas
inlet) during the ruans on the aluninum—alloy heater (inlet
gas tenperature = 1000° F) were 780° F using the circun—
ferential—flow shroud and £67° F Using the full—crossflow
shroud, This difference can be traced to the different
flow areas of the shrouds (0.114 for the circumnferential—
flow shroud, 0,302 for full—crossflow shroud).

The maximun heater tenperature recorded (thermocouple
at tip of exhaust—gas side fin) during the runs on the
copper—stainless steel heater (inlet gas temnperature
% 1600° F) was 1310° F using the full crossflow shroud. No
surface tenperature data were taken on this heater when
using the circumferential—flow air shroud.

CONCLUS IONS

1, The over—all thermal conductance of the copper—
stainless steel heater was from 20 to 40 percent greater
than the value for the aluminum—alloy heater.

2e The over—all thernmal conductance of the heaters,
when using a circunferential—flow air shroud, was fron

40 to 65 percent greater than the values obtained when
using a full—crossflow air shroud.

3. The non—-isothermal and isothermal static pressure
drop for this circumferential flow air shroud was fronm
six to tem times that of the full—crossflow shroud.

4., The prediction of the thermal performance was
within 18 percent of the measured value for the copper—
stainless heater and was within 8 percent for the alumi-
num—alloy heater.

University of California,
Berkeley, Calif,, December 1943,
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NACA ARR No, 4H21
APPENDIX A

The rate of heat transfer of a certain heater at fixed
fluid rates is altered when the temperature of either fluid
is changed because

(a) The heat rate is a function of the mean tempera—
ture difference (Atpy) ~between the two
fluids and

(b) The unit thermal conductance varies with the
0.2096 power of the absolute temperature of
the fluid. (See equations (6), (7), and (8).)

The correction of the heat rate necessary because of
items (a) and (b) in the foregoing can be made according
to equation (46) of reference 2:

qa 5= Wacpa (Tgl = Tal) “'Px (1-4)

where the term o, is the "heater effectiveness ' ' for

crossflow of fluids and is the ratio of the temperature
rise of the air to the temperature difference between the
gas and air at the heater inlet,

¢ e s 2

¥x = (Ta2 e Tal)/\Tg1 - Tal)
The heater effectiveness, ¢5, 1is a function of the over—
all thermal conductance (U4), of the fluid rates, and of

the heat capacities of the fluids (see chart, fig. 34 of
reference 2).

If it is desired to predict the heater output at the
different inlet temperature conditions when it is known
for a given set of conditions, then the foregoing correc—
tions must be made.

The correction because of (a) alone may be obtained,
as an approximation, by determining ¢x for the value of
the conductance (UA) at the original temperature condi-—
tions, on the basis that (UA) and (consequently) i

do not change rapidly as the temperature of the fluids is-
varied.
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The correction because of (b) can also be made using
the corrected heat transfer rate from (a) to compute the
new average temperatures for the ventilating—air and ex—
haust—gas sides. These values are used to calculate the
new unit thermal conductances,on each side of the heater.,
On the basis of these unit thermal conductances, a new
over—all conductance of the heater is calculated. Then a

better approximation of ¢, 1is obtained and a new gq,

computed Ifrom equation (14). Usually the change in (UA)
(due to item b) is small (fo @ Peyp®-296) and the first
approximation to

g, (that from the foregoing item (a) is

sufficiently close.
Exanmple:

Compute the new over—all thermal conductance for the
copper—stainless steel heater using the circumferential—

flow (A-7) shroud, when the inlet gas temperature is
lowered from 1800° F to 970° F,

The following data are obtained from the predicted
eurve of figure 13:

Wa = 2000 1b/hr
Wg = 5650 1b/hr
(UA) = 110 Btu/hr °F for Tg, ® 1600° F, T, =95

Desired:

T 2 o ” IR
(UL) for Tg =970 F, 1Tg, = 05 1§
Postulate further that cp, = 0.242 Btu/ld i
o 04271 Bhu /iy W
Obtain a new gq,, using the following equation

(reference 2) which is based on inlet tempera—
ture conditions:

3, = Uy mt i, o =iy )

2000 X 0.242 X (970-95) x 0.197

1

82,700 Btu/hr

il

By use of this new P the new average tempera—
tures are obtained on the air and gas sides.
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2. Finned surface

G 0.8
—ik _ 0.2986
fo, = 9.36 X 10 Tq ﬁia* (7)
‘) =) L=
Gg = L L 20,300 1b/be €6° GQ’gs 2800
Ao g 0.0985
. no
foa= 9.36X 107" 6.79 2800 . 42,5 Btu/ar £t °F
’ 0.419

3. Equivalent thermal conductance on air side

- TP
(foh)eq * 2/ fcPkA  tan v%%f— R T,
> ¥ A (=9

/42.5 X .0336
v 210%X4,87x10-°

= 1674 +/42.5X,0336X210X4.87X10~% tanh

X0,0937 + 18,9

(foA)og = 162 + 19 = 181 Btu/hr °F
3 = 0.00552
(feh)en
Gas side
& o 08 D
fo, = 6,88 X10r* £ 20% Lhn 1 3 1000 (8)
& ) p 0.2 1
g
; . = 4750
fo = 5.,56X10%X 8.55% -2L2Y. (1,086
Cg i bl oo )

= 40.8 Btu/hr ft2 °F
1, Unfinned surface
(fcA)ug = 40.8X1.43 = 58,4 Btu/hr °F

2. Finned surface and unfinned surface

— /TP
(fyhlgp o n#/f,PkA tanh vfiﬁf L + (foh)yg

/68X 5,06
= 274/40,8X2,06 210 X0,00383 tanh Afe—t 2 X0, +8B
i g /210 X0, 00585 1043 xo8

= (175 + 58) Btu/hr °F
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3. Bquivalent (f,A) on gas side

i

(f.4) g, = 175 + 58 = 233 Btu/hr °F

—d - 0.00429
(fel)eg
Over—all thermal conductance

B 1

(UA) = =
QQL_> IR 0.00552 + 0.00429
fCA‘ ea \ch /Ieg

102 Btu/hr °F

1l

Since the (UA) obtained is so close to that which
was postulated in making the calculation (UA = 110 Btu/hr °F)
the first approximation is within the limit of accuracy
and will suffice.

Hence, it can be said that a change in the averacge
temperature of the exhaust—gases has little effect upon
the overwll—thermal conductance (only 7 percent in this
case). Consequently, if the thermal performance of a heat
exchanger is known for some certain inlet temperature con-—
ditions, an estimate of the thermal performance at some
other inlet temperature conditions can be obtained, with—
out greatly impairing the accuracy of calculation, by
using equation (14¢) considering only the new inlet temper—
ature conditions. Such procedure neglects any change in
Px which might be caused by the dependence of (U4) upon
the average temperature of the fluids flowing through the
heat exchanger.

APPENDIX B

Predictions of the performance of the copper—stainless
steel heater were made by substitution of "equivalent copper
finsg" fer the composite fins on the exhaust—gas side. This
idealization is permissible if the following system is vis—
ualized (see sketch): Heat flows from the gas through a
"fluid thermal resitance” into the stainless steel of the
fin, 1In the stainless steel the heat (considering two—
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dimensional flow only) will flow into the base of the fin
and also into the copper core of the fin. The heat flow—
ing into the copwmer core will flow to the base of the gas—
side fin and then into the fins on the air side.

Copper fin -

T4 i
S ¢ s R
RN At f
045N yo! p=— = 5 Qin
! (0.045 )"“; ! 77 f iin
e i !\l !
| ¥ ’ lGas
i % ) ‘Qin
Q’l ’.v
Aot v ‘Copper core
a(l/ch)u air (Resistance along stainless steel sheath
e oy
ANANAAANLANAA AAA ASANAANAAANNA
-~ VANANAANNVYWNWAANAe AN ASNNAANAANAA,— Svells
] A1/ .8) gas
N a
— LA\ AAAAAAMAAAANA T
N L_ N } Reslstance across stainless
;ya“ﬂ4vvvr - S NN e steel sheath
: (1/fc.%.)'zil‘(fizl) L Resistance of e per

o)
core aand copper fin

Thorunl circuit of above fins (idealized)

If this system is considered as a group of resistances
in series and in parallel, it. will give, as a first idesi—
ization, for flow to the copper core the fluid thermal re—
sistance of the exhaust gas in series with the resistance
of the stainless steel, Since the fluid thermal resistance
of the exhaust gas is much greater than that of the stain—
less steel, and these resistances are in series, the latter
resistance may be neglected in calculating the heat flow
to the center of the fin, For flow to the base of the £in,
the resistance of the stainless steel is in parallel with
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the resistance of the copper. Because the sum of the re-
sistance of the copper core and copper fin and the fluid
thermal resistance of the ventilating-air side is much
smaller than the sum of the resistance alnug the stainless
steel sheath and the fluid thermal resistznce of the un~
finned portion of the air side of the heatar, and since
these sets of resistances ~re in parallel, the larger re-
sistance can he neglectsd, as an approxlmation, in making
the computations of the hsat flow through these commosite
fins., Hence, it may be said that the conposite £fin of
stainless st>el (k_= 15 Btu/hr £t (°FP/ft)) and corper
(x = 210 tU/nr ft° (Ov/ft)) may be considered as oan
"equivalent" in of copmner al

The equation for the hsat transfer from the finned
surface 1s valid for fins of firite lenpth with insulated
ends. This equation ecan be used bscause the heat loss
from the ends of the air side fins is small in commarison
with that through the sides.

In the equation for the heat transfer from the finned
surface, the unit thermal conductance over this "equiva-
lent copper" fin would be the same as that over the stain-
less steel surface, but the vDerimeter, cross-wscctional

area and thermal conductivity would be those of ths copper
alone.,

l. Boelter, L. M, K., Miller, M. A,, Sharp, W, E., Merrin,
B. H., Iverssn, HE, W,, and Mason,W, B,: An Inves-
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TABLE T — EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER
ALUMINUM-ALLOQY UC-1 SHROUD
B - L OVERALL |
AIR SIDE EXHAUST-GAS SIDE HEATER TE:::. PERFORMANCE
‘ ’ Bos Ss
Rarm | To | Ta | ATa | Wo | A7 | Fa | Tg | T | AL | Wy | 457 | Tt%va Shell |oo A | Atk | (VA)
Mo N e | | v |5 TR = | 7 | |5 e A 9= [omlomiomien | o | S
V74 2 | 206 | /1L | 2230 | L34 | 6/F | /065 | Jook | 59 |5690 | 48 | 868 | LR/ &5 845567870\ 875 s£7 | 697
9 g8 | /74 b6 |3/60 (248 | 6357 | 994 | M7 | 47 |85770 | 77/ | 70.8 | L08 |735 w0 |790 (793|515 | 835 | 787
J0 &8 /58 70 |AS5o | F8 |76/ | 998 | 947 | S/ |S680 | /63 | 756 |099 | — |675|— |77\ 775 | &50 596
/2 o5 | 299 | /54 |/070 |a30 | 399 | 989 | 939 | 50 |3880 | 760 | 506 | 27 |793 |85 |s&30|835| s0| 790 S04
’7 Pz |\ 2/4 | 122 (/780 |e8F |26 | 989 | 939 | 50 |3900 | 760 | s08& | 0.97 |750 777|795 | 795 | So5 | So3 655
/4 G5 | /85 | Jo |26 | /76 |58&6 | 994 | Q35 | 59 |30 | 752 | 6q0 | o2 |72 \mol\7e5\765)| 770 | 725 7/0
VA7 92 2/6 | /24 | /0P | 236 | 32 | 9HLF | &7/ 72 2050 | 205 | 385 | /237 |692\7/2|725|725) 770 | 750 /6
/6 96 /89 | 93 |/750 | 086 | F9F | P52 | B6T7 | 85 |2050 | 2o¢ | 452 | £/5 |eso\ess|eso|cto| 690 765 | su5
T 95 | /768 73 |26350 | /72 |468 | 968 | 79 | &9 |2050 | Zoé# | 76 | o2 |éw 625645645655 | 790 593
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TABLE IT -— EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER
ALUMINUM-ALLOY A-7 SHROUD
~————— AIR_SIDE EXHAUST-GAS  SIDE MEATER TEMPS. pgxggﬁh‘amgﬁl
Gos S5k | Gar £k |
Run| o, | Taz | aTa | Wa | AR 1 % T,. T,z at, ? Wg AR %g— % Shell | FinZp | FinTip | Abmy (UA)
No | & | & | & |5 |55 |82 o« | w | r | 4 |25 B | F | F | ¥ | %
12 94 | 260 | /66 /000 192 | 400 | 960 | 875 | 45 /810 | /65 | 402 | J00 | 600 | 660 | 695 | 7#0 | 4./
13 94 | 204 | 110 | 1870 | 587 | 496 | 930 | 45¢ | 76 | /800 | 160 | 760 |07F | 5/0 | $90 | 620 | 740 | 670
/4 94 | 176 | 82 |z2660| /14 | 526 | 926 | 857 | 69 | /80 | 158 | 422 | 080 | 960 | 550 | 575 | 746 | 70.5
g 97 | 265 | 172 | 1360 | x5/ | 575 | 7002 | 970 | 72 | 3440 | Gor | 648 | /13 | 660 | 720 | 770 | 780 | 737
/0 92 | 234 | 12 | 1890 619 | 650 | 998 | 926 | 72 | 3450| 597 | 65/ | /00 | 610 | 705 | 7O | 790 | S22
/7 97 | 205 | /14 | ze6o| 110 | 732 |s007 | 922 | #5 | 3450 | 595 | 76.9 | /05 | 560 | 675 | 705 | /0 | 925
23 | 93 | 277 | 140 | 2280 &aw | 772 | 977 | 930 | 47 | 5760 | 166 | 704 |09/ | 630 | 760 | 780 | 788 | 950
24 93 | 794 | ror | 5950|231 | 966 | 98/ | 9/3 | 68 |s650| /6.0 |/0/ |/04 | — = = goo | /78

2¢
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ABLE - = EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER g

=

o

GOPPER- STAINLESS STEEL UGC-1 SHROUD %

-
OVERALL

AIR SIDE EXHAUST-GAS SIDE HEATER TEMPS. | SERFORMANGE

' ’ G

Run | Ta, | To | ATa | Wo | AR | $a | Tp | T | ATy | Wy | 4K | T3 | W | 55 Ay | (UA)
° ° o e Ly, o o o C : o o A

2o e R 208 e 1 . Rl I R - M - -2 - r | 2%

3 95 | 287 | 192 |2300 | 165 | /07 | /494 | /242 | 52 | 5690 | /4S5 | So/ | 0.75 | /300 - - /280 | E& ‘

4 97 | 257 | /60 |3030| 269 | /17 |/525 | /A5 | 70 | 5620\ /45 | /06 a9/ | r260 = - /320 | 59
<7 87 | 239 | /152 |3590| 357 | /132 | /530 | /A5 | 79 | 5640 | /E£6 |/2/ | 0.9/ | /245 | - - /330 | 99
g2 | 38/ | 289 | /030 | 040 720 | /547 | /5L | AF | 2780 | 3.60 | 324 | a45 | /3/0 LS . /250 | 58
95 F/2 | 217 | /670 | 0.92 | 876 | /578| 155/ | z7 | 2780 | 362 | 2a3 | 023 | /260 | _ - /320 | 66

gz 253 | 16/ | 2660|208 | /04 | /556 | /460 | 96 | 2800 | 3.6/ | 728 | o7/ | /200 | - = /320 | 78

/2 92 | 372 | 280 | fooo | 09F | 677 | /547 | /446 | O/ | 2490 | 294 | 69/ | L.O2 | /285 | _ . /3/0 | s$2
// g2 300 | 208 | /680 | 0.9/ | EE5 | /538 | /42| 96 | 25/0 | 284 | 653 | .77 | 72/0 = = /290 | 66
/0 93 243 | /150 | 2660 | 206 | 964 | /1538 | /20 | //E | 25/0 | 285 | 735 | 76 | /740 - - /290 75

£e
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TABLE I™ - EXPERIMENTAL RESULTS ON FINNED-TYPE HEATER =
COPPER-STAINLESS STEEL A-7 SHROUD %
o
AIR SIDE EXHAUST GAS SIDE HEATER |OVERALL PERF| &
Run | Ta, | Tar | AT | Wo | AR | Fa | Ty | Ty | 4G | Wp |47 | 80 | J | TEMPS. a7, | 0A)
° ° ° A, 5 P o, rrc. o o, o, %
Mo | F | F | F | |Tteiagte] x | s | w [ | o] Ao s | | +» |22=
/] 105 | 418 | 3/F |2/30 | /7 | /67 | /569 |/ES5E | 1/ | F20 | B3 | 24 | A77 EATER 260 | 28
HEA
2 08 | 344 | 236 | 2od0| 226 | /68 |/5¢4 |/#3F | f77 |#/20 | 782 | A6 | a7 TEMPS. /280 | /F0
NOT
RECORDED
k 4 708 | 437 | 329 | 2200 | /3] | /75 | /582 (/42 |00 |S€s50| /5SS | /53 | 28T 270 | 78
“a /707 | 373 | 266 | 28fo | 23.7 | /183 | /582 |\/£73 | J09 |Ss650| /50 | /67 | 29/ /290 | /42
20 /09 | 449 | 340 | /200 | 6.78 | /5 | /57F /442 | /37 |27 | FT35 | A58 | 283 /250 | 4
24 /09 | 395 | 286 | /&70 | /8 | /29 | /573 |/FH7 | 126 | 2700 | T34 | 2Zo| aw /260 | /03
23 /3 558 | LS | o0 | 338 | /07 | 15891 | /¥77 | /I4 | 26| F37 | &I/ | 2078 S2o0 588
22 /09 | 329 | 220 | 2630 | 223 | /HO | /582 | /928 | /54 | 270 | 332 | (/3 | 0O /290 /09
24 /3 | 528 | #15 | 990 | 330 | 996 | /569 | /FES | //E | J950| 186 | 602 | 260 ED | BLA
25 | /// 237 | 320 | /390| 6.8/ | /08 | r569 | 238 | /3/ | /970 | L B3 | 699 | 065 /230 | F76
27 | 109 | 305 | 196 | 2630| 222 | 724 | /556 (1398 | /58 | /70| £.82 | SAL | 068 270 | 9&0
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TABLE V - ISOTHERMAL PRESSURE DROP DATA

TABLE VI - ISOTHERMAL PRESSURE DROP DATA

Ventilating-Air Side
T
Exhaust-Gas Side
. 1
ot : APl | "Bt T AT, b
1b/hr /e ot in. Hy0 in. Hy0 in. Hy0 K : ' : : o
Run W G O ar ar
180 duct htr htr
2 meas. pred. Re K
No. 1b/hr 1b/hr £t in. Hy0| in.H,0 | in.H,0| in.Hp0
Copper-Stainless Steel Heater
1. Full-crossflow (UC-1) shroud. CoppercStalnless Stesl Heater
a
12 10 2 N e Sy g8 - 1500 10,600 0.28% 0.06 0.22 0.16 18,700 | 0.66
2 5 1,39 i s Laid %at - 3000 21,100 1.07 0.24 |0.83 0.59 37,400 | 0.63
2 4120 15,700 3.41 0.56 2.85 3.5
2 - 6000 42,200 4.13 0.97 3.16 2.10 74,800 | 0.60
2. Circumferential-flow (A-7) shroud
= 1000 10,100 2.70 = b 7.8b Aluminum-Alloy Heater
- 1500 15,200 6.10 = = 7.9
8 1660 15,200 0.59 0.08 0.51 0.48 22,100 0.77
= 2500 25,400 17.3 - - 8.0
6 3300 20,300 2.12 0.30 1.82 1.68 44,000 | 0.69
Aluminum-Alloy Heater 3 5130 47,000 4,90 0.71 4,19 3.93 68,400| 0.66
r 1 9170 84,200 156.6 2.30 13.3 11.8 122,000} 0.66
1. Full-crossflow (UC-1) shroud
4 1040 3,440 0.28 0.09 0.19 4.9%
1 2640 8,740 1.50 0.22 0.22 5.1 a) For copper-stainless steel heater, values of A P;
e
6 4200 13,900 3.63 0.58 0.58 4.8 were interpolated from plot, figure 19.
2. Circumferential-flow (A-7) shroud '
b) For method of predicting AP,;., see text.
4 1030 9,030 1.77 = - 6.8° 2
AFp, Um 7
18 2270 19, 900 7.65 - = 6.1 c) K defined by ~———=2L =K — =K L
S
2 g(A* ¥ *3600)
15 4180 36,600 23.9 - - 5.6
2
a) K defined by Dfhtr _ wn®
2
Pi u 2
b) K defined byu =K B g
g

"ON ¥¥V VOVN

12HY

Se
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TABLE VII - NON-ISOTHERMAL PRESSURE DROP DATA

Aluminum-Alloy Heater

Full-crossflow (UC-1) shroud

oy 3 P' b P'
Run w G b T b APiso o noa-iso non-iso
: 1 2 ave pred. meas.
Yo. | 1b/hr 1b/hr £t °R °r |°R [in.H,0 | in. B0 in.Hy0
Exhaust-Gas Side
17 2050 18,800 1403 | 1331( 1367| 0.86 2.20 2.05
14 3900 35,800 1454 | 1295 1425| 3.00 8.22 7.52
10 5680 52,000 1458 | 1407 1433| 6.00 167 16.3
Ventilating-Air Side
13 1780 5,900 552 674| 616| 0.72 0.95 0.83
15 2650 8,800 555 628] 591/ 1.47 1.77 Y72
9 3160 10, 500 548 634 591| 2.05 2.53 2.48

a) Values of APIlso were interpolated from plot of Apliso vs., Wy of figure 14.

b) Prediction based on equation (13).

=
S
Q
>
TABLE VIII‘ -~ NON-ISOTHERMAL PRESSURE DROP E
3
>
Aluminum-Alloy Heater E‘,
=
Circumferential-flow (A-7) shroud
b
(- . ’
P
Run L G T Tz T“e APho Aan'x-iso A non-iso
pred. meas.
Wo. | 1b/r [1b/r £2 | op SR BOR in.H,0 | 1in.H0 in.H,0
Fxhaust-Ges Side
14 1810 16,610 1386 1297 1342 0.69 1.71 1.58
11 3460 31,800 1467 1382 1425 2.47 6.34 6.95
23 5760 62,800 | 1437 1390 1314 6.20 17.0 16.6
Ventilating-Air Side
12 1000 8,770 | 1014 1180 1097 1.70 2.10 1.92
13 1880 16,500 | 1014 1123 1069 5.40 6.24 6.87
14 2660 23,300 | 1014 1096 1055 10.5 11.7 11.4

a) Values of AP'ho were interpolated from plot of AP' igo V8- W, of figure 15. .

b) Prediction based on equation (13).
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TABLE IX - NON-ISOTHERMAL PRESSURE DROP DATA TABLE X - NON-ISOTHERMAL PRESSURE DROP DATA é
3
Copper-Stainless Steel Heater Copper-Stainless Steel Heater =
Full-crossflow (UC-1) shroud Circumferential-flow (A-7) shroud ;
] b
¢ 8 AP' b p' , 8 AP' b AP'
Run w G T by T AP non-iso| O Pnon-iso Run W G 5 o  J T AP non-iso non-iso
1 2 ave iso 1 2 ave ie0
2 5 pred. mees. 2 ° pred. meas.
No. | 1b/hr | 1b/hr £t R | °R °Rr in.Hy0 in.H,0 in.H,0 No. | 1b/hr| 1b/hr ft R °R °R in.H,0 in.H,0 in.H,0
Exhaust-Gas Side Bxhaust-Gas Side
3 5690 40,100 1954 | 1902 1928 3.94 15.5 14.5 27 1970 13,900 2016 | 1858 1937 0.49 1.78 1.82
9 2800 19,700 2016) 1920 1968 0.99 3,88 3.61 20 2700 19,000 2033 | 1902 1967 0.90 3.38 3.35
12 2490 17,600 2006 | 1906 1956 0.79 3.06 2.94 1 4120 29,000 2025 1918 3971 2.00 7.62 7.83
3 5650 39,800 2042 1942 1992 3.65 14.2 15.1
Ventilating-Air Side
Ventilating-Air Side
f 1030 3,920 562 841 696 0.25 0.45 0.40
11 1680 6,390 552| 760 656 0.61 0.97 0.91 24 990 | 10,100 573 | 988 780 2.65 4.20 3.38
10 2660 10,190 553 703 628 1.42 2.05 2.06 20 1390 14,100 569 909 739 5.20 7.60 6.78
21 1870 19,000 569 855 712 9.45 13.3 11.8
22 26830 26,700 569 789 679 19.0 24.6 22.3
a) Values of AP'uo were interpolated from plot of AP'jg, vs. W, of figure 16.
b) Prediction based on equation (13).
'
v Al
a) Values of Aplso interpolated from plot of Apluo vs. Wa
of figure 17.
b) Prediction based on equation (13).
=]
<2




NACA ARR No. <4H2] Fige. 1,2,3,4

Figures 1 and 2.~ Photographs of copper-stainless
steel heater,

igures 3 and 4.— Photographs of aluminum-alloy heater.
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NACA ARR No. 4H21 Fig. 6
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| Figure 6.~ Thermal output of the aluminum-alloy finned-type heater,
3 using UC-1 shroud, as a function of ventilating air rate.




NACA ARR No. 4H21 Fig. 7
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Figure 7.- Thermal output of the aluminum-alloy finned-type
heater, using A-7 shroud, as a function of
ventilating air rate.
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Figure 8.- Thermal output of the copper-stainless steel
finned-type heater, using UC-1 shroud, as a
function of ventilating air rate.
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NACA ARR No. 4H21 Fig. 9
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Figure 9.~ Thermal output of the copper-stainless steel finned-type

air rate.

heater, using A-7 shroud, as a function of ventilating
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NACA ARR No. 4H21 : Fig. 10
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Figure 10.- Overall thermal conductance of the aluminum-alloy
finned-type heater, using UC-1 shroud, as a function
of ventilating air rate.




NACA ARR No. 4H21 Fig. 11
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NACA ARR No. 4H21 Fig. 12
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Figure 12.- Overall thermal conductance of the copper-stain-
less steel finned-type heater, using UC-1 shroud,
as a function of ventilating air rate.
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NACA ARR No. 4H21 Fig. 13
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Figure 13.- Overall thermal conductance of the copper-stain-
less steel finned-type heater, using A-7 shroud,
as a function of ventilating air rate.



NACA ARR No. 4H21 Fig. 14
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Figure 14.- Static pressure drop on the air side of the
aluminum-alloy finned-type heater, using UC-1
schroud, as a function of ventilating air rate.




NACA ARR No. 4H21 Fig. 15
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Figure 15.- Static pressure drop on the air side of the
aluminum-alloy finned-type heater, using A-7
shroud, as a function of ventilating air rate.
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Figure 16.- Static pressure drop on the air side of the copper-
stainless steel finned-type heater using UC-1 shroud,
as a function of ventilating air rate.
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Figure 17.- Static pressure drop on the air side of the copper-
stainless steel finned-type heater, using A-7 shroud,
as a function of ventilating air rate.
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Figure 18.- Static pressure drop on the exhaust-gas side of
the aluminum-alloy finned-type heater, as a
function of the gas rate.
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Fig. 19
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Figure 19.~ Static pressure drop on the exhaust-gas side of the copper-
stainless steel finned-typc heater, as a function of the
exhaust gas rate.



