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MEMORANDUM REPORT

for the
Army Air Forces, Materiel command
and the
Bureau of Aeronautics, Navy Depnartment
SELECTION OF OIL COOLERS TD AVOID CONGEALING
By Dennis J. Martin
SUMMARY
Many different o0il coolers may be selected to dissipate
any redquired amount of heat. The pressure. drops and rates
of air flow are readily determinsd from commercial data.
However, there are three additional factors which are of
vital importance:
1. C(Congealing tendency of the cooler
2.. Power cost chargeable bto the installation

3. Performance characteristics of the oil cooler in

}-do

operation at gltitude

J

The congealing tendencies of oil coolers rank in impor-

L

7

tance with pressure drop, power for cooling, and the dimen-
sions of the unit. The congealing tendenclies can be im-

proved by selecting a unit of adequate size and then con=-

e

Emoll ing  vthe 'cooling by bimiting.the air Blow.

o

elect

1]

|

Thi's paper presents a method for (1) ing an oil.
cooler which will dissipate the requlred amount of heat,
(2) for determining its freezing tendency, (3) for calculating

the power cost, and (l) for investigating the performance

charagteristics gt any altitude,




INTRODUCTION

The selection and lnstallation of an o0il cooler to dis-
sipate the required heat without congealing tendencies at an
acceptable power cost has always been a troublesome problem.
As the operating altitude and the veloclity of alrplanes have
increased, the range of pressure drop available for cooling
and the entrance air temperature have varied in such a manner
that the congealing tendencies of o0il coolers have been
greatly aggravated. Also the increases in speed of new types
of aircraft have put a premium on installations having optimum
217068 of oll ¢oolers. Careful seclection of an o0il cooler is
imperative to give satisfactory operation under all flight
conditions.

The selection of the dimensions of any heat exchanger
always Involves a compromise among sseveral quantities: pro-
portions, power for cooling, pressure drop, ete. The problem
of selectingan ethylene glycol or water radiator is one of
finding the dimensions which will dissipate the heat with the
pressure drop avallable over the altitude range of operation
at the smallest power cost. Oll-cooler selection presents
the additional problem of so selecting the dimensions and
pressure‘drops that the cooler will be as free as practicable from
congealing tendencies.

The present analysis is submitted in order to show what
conditions must be satisfied to select an oil cooler which

will give satisfactory operation under all flight conditions.
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Appendices are included which present selection charts and

selection forms for o0il coolers.

SYMBOLS
Re total frontal area of cooler, square feet
AO area between baffles, perpendlicular to oil
flow, square feet
B baffling constant determined from oil-cooler data
Cy specific ‘heat gt congtant pressure, Btu per pound
per O
61’02’ch. empirical numerical constants

CD/GL ratio of drag coefficlent to 1ift coefficlent of

H

airplane

diameter of cooler, feet

)

hydraulic diameter of passage, feet

ratio of open area to total area

D
3

acceleration due to gravity, feet per second t
second

coefficlient of heat transfer, Btu per second per
square foot per °F

rate of heat dissipation, Btu per second

heat transferredper IOOO'temperature difference
between average oil and entering alr

thermal conductivity, Btu per second per square

"
foot per “I' per foot

constant, seconds per foot-pound




e}

AT

AT

_‘LL-

length of air passage, feet

number of tubes per square foot of frontal area

absolute pressure, pounds per sduare foot

pressure drop, pounds per square foot

power, foot-pounds per second

pumping power, foot-pounds per second

power to carry the oil cooler and supports

(constant wing loading), foot-pounds per second

quantity of air flow, cubic feet per second

ratio of the thermal resistance on ths

thermal resistance on the air

side

0il side to the

effective cooling surface per unit length of tube,

square feet per foot per tube

effective cooling surface, square feet

temperature, °F

O

temperature of tube well, ~F

change in temperature, OF

temperature difference between entering oil and inlet

air, Op

volume, cublec feet

speed of airplane, feet per second

weight flow, nounds per second

empirical numerical exponents

multiplying factor to account for weight of oil cooler

mounting and supports
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€ mean effective temperature difference between oil and
cooling alr divided by ATi
n, duct pumping effleiency, useful power divided by drag
i power
v coefficient of absolute viscosity, slugs per foot-
second
7 change in tempersture of alr divided by AT,
< chenge in temperature of oil divided by AT,
¢} density, slugs per cubic foot
pW weight density of oll cooler, pounds per cubic foot
B PBasBos#y " 5Pah Po! constants
SUBSCRIPTS
a cooling air
i initial
o) oui]
t total
DEFINITION OF CONSTANTS
- i ,@l ga
o i (e 103} 71l
D x+l = B-~X f.z—x p‘g o 2 np
a Da=E 1 2]
Qg 5 IauDal“uSL : u;x 1 iif g"
. a
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Heat—-transfer units,in general,involve two flulds and

1/h586 _ (A ")

a dividing surface. When heat is being transferred from one
fluid to another, there is a resistance to heat transfer
1/ S The total resistance to the flow of heat is the sum

of the resistances of the two flulds and the dividing plate.




In most cases the dividing plate 1is very thin and its resis-
tance may be neglected., For an bil cooler, we may then
write

LheSe = 2o Soo 1/0. 8,

In ethylene glycol or water radiators, the thermal*

B

resistance on the liguld side 1ls negligible. IniEedil
coolers, however, the thermal resistance on the liguid side
1/hOSO is much larger then in coolant radiators and under
certain conditions may bhecome equal to or even greater than
the thermal resistance on the air side 1/hgS,.

Becauso the phvsical pronerties of aviation lubri-
eatling oils, chlefly viscoslty, depend very strongly on
their temperatures, the prediction of oil-cooler perform-
ance 43 difficult, It is known that the oll tends to con-
geal near the tubes when the thermal resistance on the oll
slde 13- a large part of the total resistance, as occurs when
the mass flow of o0il 1s small, when the tube spacing is
tapge, or when the. oll slide is not €losely baffled,. If the
thermal resistance on the oil side is a small part of the
total, the tube-wall temperature 1s near that of the oil
at the center of the passage. The temperature gradient 1s
similar to that shown in figure 1(a). As the thermal re-
sistance on the o0il side increases, the tube-wall tempera-

ture falls and the viscosity of the 01l near the tube wall
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increases ranidly as in figure 1l(b). TIf the temperature of
the tube wall decresses sufficiently the oll near the tube wall
becores very viscous and forms a layer which literally freezes
onto the tubing. This reduces the effective hydraulic‘dia~
meter of the passapge and increases the oil pressure drop.
This congealed layer acts as an insulating film which »revents
the oll from performing its cooling function,

Figures 2, 3, i, and 5 present typical test data teken
at the ‘Naval Alrcraft Factory, Philadelphia. (See reference Yy
In figures 2 and 7 it will be noted that, as the cooling air
temperature is reduced while the oil and ajir flows are main-
tained constant, an air temperature is ultimately reached where
the heat dissipation decreases and the oil pressure drop
increases until the bypass valve opens. In figure li, the welght
rate of flow of alr is varied vhile the inlet air tem§eréture
and mess flow of oil are maintained constant. As the air flow
18 Increased, a value is reached where the heat dissipation
decreases and the oil pressure arop increases precivitantly.
In figure 5, the heat dlssipation is shown as & function of
inlet oll temperature. In this case, as the inlet oil
temperature 1s decreassd a temperature is agéin reached where

the heat dissipation begins to fall off.
L/ BaSs

1 hasa

for a number of points. From the approximate relation,

The thermal recistance ratio, hias bheen calculated




Ty = Ty = /1,8,
: )
w = Ia l/hasa

° 2

the tube-wall temperature at the point where heat tran

n

sfer

7,

takes place be tween entering alr and exit oil haas been
caleulated and is nlotted on the curves of figures 2, 3,

Ly, and 5. Similaf analysis for a number of Qoolers in-
dicates that congealing becomes possibie for the grade of ool
used when the tube wall falls below 8 temperature of approxi-
mately 100°%, A cooler should be selected with the tube-
wall temperature always well above dan-cer temperaturs.

It must be obvious that this criterion of‘congealing
tendencies is much tco simple to be used in a general case
because other factors such as oll viscosity index, inlet oil
temperature, and oil flow which were maintained in a limited
range for the available test data are also important factors
in determining the safe limiting value for the tube-wall
temperature.

This analysis has been carried as far as possible
without further information, where a large range of oil

‘has been used

(4}

temperatures, oll flows, and viscositie
in heat-dissipation measurements on oil coolers. Such
data might allow a correlation to be made which would
permit a more:éeneral and more useful criterion of congeal -

ing tendencies.



By use of the appendix, figurc 6 has been prepared for
an oll cooler to dissipate 100 horsepower. Here the abscissa
1s weight flow of alr while the ordinate refers to ths
various curves plotted., Curves showing pressure drop, pover
cost for cooling, frontal areca, and tube~wgll temperature are
plotted on this figure, It ic at once apparent from this
figure that large oil coolers and small cooling air flow
are favorable both for total power consumption and congealing
tendencies. In order to see the picture of oill-cooler
selection and operating characteristics with altitude, a set
of three-dimensional charts has been prepared on the axes of
frontal area and altitude of figures 7, 8, 9, and 10. Here
the effect of altitude and frontal area on power consumption,
welght flow of ailr, pressure drop, and tube-wall temperature
1s shown.

A study of these three-dimensional illustrations reveals
several interesting points., As the altitude is increased
with a given oill cooler, the weight flow of air must be re-
duced to dissipate the same amount of heat and to avoid con-
gealing. If the air flow is held to the proper value to
_dissipate the heat, the maximum altitude is the critical
altitude for the selection of an oil cooler with safe con-

gealing tendencies. An oll cooler selected with a safe

R —
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tube-wall temperature at the maximum altitude should experi-
ence no congealing troubles at lower altitudes. For the ex-
amgle selected in the appendix, a cooler selected nedr minimum
power has resonable freezing tendencies at a&ltitude.
CONCLUSION

The results of this analysis of oll-cooler performance
Indicate that an oll cooler sslected upon the basis of using
the total pressure drop available will be small, will re-
quire excessive power expendlture, and may have very bad

at

congealing tendencies., , Although it might seem most loglcal

o

to plck the smallest cooler which will dissipate the heat
using what pressure drop there is available, in most cases
the use of a larger cooler and a smaller pressure drop with
good control over the air flow would consume less total power,
would be less likely to congeal, and would require a smaller
mass flow of, air. The advantages of a larger oll cooler are
realized only when careful control of the air flow is main-
bailmed,

As an example assume 70 pounds per square foot pressure
dropiligiavailable in elimb at 30,000 feet. An 0il cooler
using all the pressure drop avallable may be selected.

Prom figure 9, A, 1s fourd to be 0.82 square foot. From

/
[

f—t

figures 7, 3, and 10: W_ = 5.7 pounds per second, TW = 00wl

(=1

and Pt = 30 horsepower. This cooler would very likely con-

geal.
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However, if only 30 pounds per square foot pressure drop

i8 used, from figure 9, 4; = 1.16 square feet. Again from
figures 7,8, and 10: W, = L.8 pounds per second, T, = 111°F,
and Py = 1li.2 horsepower. This arrangement would have much

better freezing tendencies and would consume less than half
the total power used by a cooler using all the pressure drop

available.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., July 2L, 1943.
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APPENDIX T
DERIVATION OF THE OIL-COOLER EQUATIONS

In reference 2, a generalized selection chart for
coolant radiatcrs was presented. In reference 3, general-
ized equations for selection charts for heat exchangers in
aircraft were derived. Selection charts for.-any type of
heat exchanger can be constructed from these equations. 1In
reference L, generalized selection charts for air-to-air
intercoolers were constructed. In this paper a ‘generalized
selection chart for oll coolers is presented. A generalized
selection chart is valuable in that, since it gives a picture
of the relations among the variables, it enables one to
effect satisfactory.compromises. A generalized chart
approaches the ultimate in correlation. A single chart
applies to all heat exchangers of a given internal design.

In both the construction and the use of an oll-coocler
selection chart, the situation is quite different from that
for coolant radiators or for intercoolers. For the corre-~
lation in coolant radiators, the liguid is in turbulent flow
and it is not necessary to take into account the variation
of the physical properties or the velocity of the liquid.

-

Only the air side need be considered and the correlation

(2]

sed. In oll eocolers,

equations of reference 5, can be u

however, the oil flow is the laminar rather that the




|

turbulent type and the physical properties and the velocity
of the oil in the passages must be considered.

The power chargeable to the oil-cooler installation is
the sum of the power required tec pump the cooling air through
the cooler plus the power required to carry the oil cooler
and s Supports,

Pl OE By #1271 (1)

Since the power consumption isg not the critical variable, the

welght-carrying power will be omitted in the selection chart

and equations. This greatly simplifies the charts and re-
duces the computations. However, the weight-carrying power

will be added bhefore the final selection is made.

b Qa A Dg _ We & Pg (2)

The pressure drop for air flowing through tubes is given

by
]A Pa :C-l/ Hg - X
L x fpavaaLa/Da \faVaDa
or,

hence, from equation (2),
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The total thermal resistance equation is,

A TSN S ol 1\
htst RS hSO_nv hasa h s/

The generally accepted equations for correlating heat-

transfer coefficients are.

4 u
hgDg _  (PaVaDg e
= ¢y (m———= (5]
Ee 5 Mo,

(=4

ko L o

The free area of the oil passags,

A, = LgD,f,B = B f, /,%f La, /A

From equations (L), (5), and (6),

H

B8 1 Dy Hg 5 Do Mo
Aol

hes iP 4
e AT Sacuka C;aDa ) SOOBICO V\rroDo
EAaTg 8853 VAalg2/ VAT

— -

<r
Y

The heat-balance equation is,
2

Then from equation (7)

. ¢ u /i v
e NEEA T.g A 1// r__J
=g - \ L Lwr_é (
H a/ WY

To arrive at the generalized equations we define the following

cO

generalized variables:

Ag' = Aa/Wa



>
I

- R (’2,0/% a) e \/"'E;.La Wy

o mr o Tam, w4, o yfl v {
P,vznATiPpg/HgfldazKlppg
Ap,' = K LWy & pa/E 0y

_ b=
an = vf/ (Aaq)

!
|
From equation (3),

From equation (3)

R TS S O R

and ,

|
La

"
<t
\
>
o}
il
.
'_l
S
R
"
{5
o

The ratio of the resistance to heat flow on the oil
the resistance on the air side is,

o s

26 TR

Solving the generalized equeations, R is found,

A convenient variable S' 1s defined,

Lt ¢a>d/ A

O

gt = :
fllge - X,

% 5)
W <

Na

t

a

10)

(11)

gide to

(1ly)
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In order to apply equations (9), (10), (11), (13), and
(1)) to the plotting of a generalized oil-cooler selection

chart, the values of the exponents x, u, and v must be

determined. The quantities x and u are the exponents occurring

in the friction factor and heat-transfer equations on the

gl poslde,
b pa =R K >X
- A
1 5 ~ p. 0.0
e gy et /o, a'ave
and,

. u
B psva%)
Ko 3 hg

In oil coolers, the cooling air generally flows through the
tubes and the oil around and across the tubes. For turbulent
flow of air through tubes, x has been given as 0.2 and u as
0.8 in reference 5.

The quantity v 1s the exponent in the equation corre-
lating the heat-transfer coefficient on the oil side,

4 v
6P = o (falors)
e ;

o

in figure 11 are shown typical commercial data obtained
on a 1%-inch oil cooler. From these data the heat-transfer
conductance hgS, has been plotted in figure 12 as a function
of weight flow divided by the viscosity at the average oil

temperature.



= 85

Sample calculations -are given in appendix IT. The heat-

transfer coefficient on the oil side hg 1s seen to vary eas
he 0.5 power of W /u_. The value for the exponent v has
2k o/ By 0

therefore been talten as 0.5 in plotting the selection chart
of figures 13(a) and 15(b). If later deta are obtained that
would change the value of this exponent, new charts could be
constructed by the same method.

Figure 1L has been plotted from Nusselt's results for

cross flow (reference 6) and gives { as a funetion of £
for various values of . The mean temperature difference

for both counterflow and parallel flow is very nearly the same
as for cross flow. Figure 1l may therefore be used in making
calculatigns for oll boolers baffled so that part of the oil
path corresponds to parallel flow and part corresponds to

counterflow as well as oll coolers with pure cross flow.
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" APPENDIX IT
CALCULATION OF THE OIL HEAT-TRANSFER COEFFICIEHNT
From figure 11 the heat dissipation per 100°
temperature difference between average oil and inlet air for
a given oll flow and air flow i€ obtained, The three heat-

balance equations,

H= Wy Gyg & Ty . ’ (15)
H =W, Sh0 oy (16)
H=h.8y 47T § - -+ K

and the ‘equations defining the thermal efflciencles;-

D= e (18)

€ = AT /8 Ty (19)

§E Teffective/ﬂ Ti (20)
determine the over-all heat-transfer coefficient. Figure

1l may be used to determine { from 7 ang &
The over-all hegt-transfer coefflclent is.related to
the heat-transfer coefficient on the oil and air sides by the
simple -Ohm's law for thermal resistance,
s = 1/n.5, + 1/hB, (21)
The heat-transfer conductance on the alr side is given by,

1o\0. 2 U 5
hgSg = S5a ¢q Cpa 8‘<%§> Fﬁva)) Tl daE

a
(Equation (22) may be derived from equation (5) assuming
o=l 0n, )

c, = 0.0247




e |

0.2l BEu/1b/OF

32.% ft/sec/sec

[e)
i

(6]
1

The heat-transfer coefficient on the oil side therefore can

be calculated.

The value of the constant ﬁo' may then be found from the

relation,

v

v.a _9_ NUR L, . 2
OK ® (23)

The following calculation will clarify the procedure.

\'

.'X"l SI

The data needed for this calculation are first listed. The

dimensions of a typical 13-inch oll cooler ares

Diameter of cooler, inches s.c.cevcecsorsvronscasvan 13 '
Length of cooler, inches ,..cecveevesstnnsocaassaons O
. e
Effective tube length, inches® .....occevnecnncreces 9
Frontal area of cooler, sgquare foot eccceooraveccsnse 0.921
Lo I T AR S R R R R R 0,691
P R BT BUDOS s avesswhsnsesssalsssshaavsstes e e e 1319
B i diameter of tubes, 1NChH <k eevssosoravecssnns 0.268
Inside tube diameter, 0 LS IR S I e
Distance across flats of hexagonal ends, inch ...... O.§25
Total open frontal area, square foob ...cveiericcons O.%Tl
Total cooling surface, square feet .ivevecceceseoans 66.3

8There is a %-1nch length of hexagonal tubing at each end of
the 8%-inch length of core tubing. The fin effectiveness
a
of the hexagonal length is assumed to be 50 percent.

From figure 11, the heat dissipation of this cooler for |
sn oil flow of U5 pounds per minute and an air flow of 250 |
pounds per minute 1is 1610 Btu per minute per 100°F temperature

difference between average oll and inlet air terperature.
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The inlet oll temperature is 225°F and the inlet air is
100°F, The arithmetic average of .the oll temperature is
Sar~ol{nntl TO/Z
The total heat dissipated is
He = By (To, - Tya) /100
From equation (15),
Hs (T35 =3 T/~ T SF00 w W, Cpo A& B

solving for A T,,
AT = 65,9°F
O y a
The temperature difference between inlet oil and inlet air

f0 0 . 100% = 125°F

2 = 0.527

n = 0.197
From figure 1l,

£ = 0.60

From equation (17),

From equation (22),
Loy 5= 2 .08
Equation (21) then glves.
1/h,S, = 1.0k

i
The value of %Q—may be read from figure 17,
o)




fo
]

Therefore, substituting in equation (23),

’go‘ = 0'94
Before presenting an illustrative example, it is desir-
able to introduce the curves of figures 15, 16, and 17.

0.2
Figure 15 shows iéé_ as a function of average air tempera-
Pa
ture and pressure. The quantity ﬁl is given by the product
u().2
of aZ and a constant ﬁl'; determined by the tube diameter
P
a

Dg and the free area ratio fa’ Table T 1lists the wvalues

0
e
0N
@
&)
°

of ¢1' for various commercial-tube
pedrB o
2 is shown as a function of average

Kq

alr temperature. The quantity ﬁa is given by the product

0.8
of Eé——- and a constant ¢a'; which is determined by the tube
a

I8 figure 16,

diameter and the free area ratio. Table I lists the values

of ¢a' for various commercial-tube sizes.

HOO. 5

0
0il temperature. The quantity ¢

I floure 17, is shown as a function of average

e

o 18 glven by the product

@ 05
of Mo’ and a constant ¢O'; which is determined by tube
Ko
dl ameter, free aresa ratio,and the baffling design. The
constant ¢O‘ may readily be determined from experimental

deta by the method given in sppendix II.
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APPENDIX III
ILTLUSTRATIVE EXAMPLE
For a given internal design the selection of an oil
. !

cooler to dissipste a given amount of heat involves a2 cholice

Aln and

smong the following paramsters: A, Dgs

Rier T For a given heat dissipation, the selectlon of
which will dissipate this required amount of heat, The
engine manufacturer specifies the weight flow of oil, W,
0il coolers are commonly mede in only 9-and l2-inch tube
lengths. The 9-inch 1is usually found superior to the
12-inch in freezing tendencles, while the l2-inch may dis-

sipate more heat for the same frontal area. Coolers may

be selected for both 9-and 1l2-inch lengths and comparisons

O

made. Thus, for a given length and a speeified weight flow
of oil, only one of the remalning variables may be chosen to

completely determinc the cocler.

C

The selection of pressure drop, A pg based on the pres-
sure drop available, may not give a cooler with satisfactory

congealing tendencies while the selection of a low value of

the tube-well temperature may requi a cooler too large for
the space available. Therefore, it 1s found desirable to

select several coolers and arrange the values graphically so

a satisfactory compromise may be made.
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The selection chart and equations have been arranged in
a convenient form. A selection of a value of weight flow
of air W, quickly determines all the remaining varisbles.
Several values of Wa may be selected and the other vari-
ables plotted against weight flow of air as in figure i.

The simplicity of such a chért immecdiately becomes apparent.
An o0il cooler may now be selected, the compromise made with
due regard to all the variables.

An oill cooler will now be calculated for gea=level
operation with air at 60°F, The o0il cooler 1s assumed to
have the same geometrical arrangement, tube diameter, and
the same internal baffle spacing ss the 1%2-inch oll cooler
described in appendix IT. The design conditions are given

in the following selesction forms.
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i

o
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Selection Form T

(For all oil coolers)

W

. Quantd ty Symbol Value i
Airplane velocity W .69 ft/sec

‘Drag=-1ift ratio

4

Welght fsotor @ ' €

Dact effloiency

Al t1 tude

Pregsure at al

5]

; A, ! S o vy 2
Tmpact pressure 2PV 280 1b/ft
e 1) oo

‘Inlet alr pressure o 2396 1b/ft
o o 27 2
Estimated pressure drop AD 20 b /T
= 3 (82
o 250 1b/fE

59 O

o A

16.} O

0 oy O

i ia { ( o ) EY
W, : 1b/sec

e 225 i
Heat dissipation H T Btu/asec

011l temperature drop

>
3

~J
&D)

N : . = il A 0
Average oll' temperature Te 190 L)
Inlet tempsrature difference Gl 148 iy
01l temperature drop i

= : £ 0.4,78

THle ©

temperature difference
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0il- Cooler Selection Form 2

Symbol Value
Estimated weight flow of air Wy ' 10
Alr temperature rise a' T, 50
Average air temperature : Vil 92
Alr temperature rise # o 0.199
Inlet Temperature diffcrence H e
1
From figure 1l at n and & 4 0. 68
From figure 15(a) at p, and T p,o'éﬁ:g 8.22 x 107
! WY S TR D S e a 2 ) i
Qod 5 2 ) ; c .
SR T R T T ) 7 15.03
From figure 16 at T p.au‘o/ka 1.90
2z, O.E’).1 .
51160 Hg /'“-(a Ba 6570
Tk nQ
From figure 17 at T god“/ko .28 e
O g =
0.95 pg*/k %, 11.95
n.4a Ty T
T X, 0.02C80
H gl 4 L
Ky #y € Wy Lg Bt #.152
/Cfa/,@(() 5' 50
/] \x W e
~-,-‘3 oL el St 650
0y S
QO/ JVa; .'Ja . -
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0il-Cooler Selection Form 3

AbLthhe Irntersection of the . l.' and S' ¢urve

generalized seléction chart %he values of :ti

generalized variables are read.

w=vp, =086l 1b

120 =t Qe A IS RIS A
.I.\N (JI)/JT.J, 0 J/
e R e T

T
Wi LB o)
Generallzed|generalized| Constant |Value of |Variable| Value of
variable varligble constant variable
i Pp' Bl Kl % . 550 100 . ha0 hp
A il ra ar --2
gt a7 1/W, 0,10 A, P
7 - g C i /0 2y 2 22 N 2 i % —2
8 50.0 K, Wa/Pq &) 2.23 A By | 22s0 Ryt
R W BT R Oz BLY
r
ol

9.3 hp (Constant wing loading)
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Figure 1l.- Temperature gradlent for oil to air heat transfer.
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th 13" 01l cooler ¢

T .268x.323%9" Pubes

= Inlet 011 Temperature 225°F 3

TF1 011 flow 120 1b/min

— Inlet Air Temperature -250F i

o = 01l: AN 9532 Grade 1120
Lifes s iy L o

N

‘;6!1 Pressure Drop, 1b/sq in
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i:Weight flow of air, ib/mini,
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