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REPORT No. 86.

PROPERTIES OF SPECIAL TYPES OF RADIATORS.

By s. R. PARSOXS.

Bureau of Standards.

‘l!his report describes an in~estigation of properties of special types of racliators, conducted
for the National Advisory Committee for Aerommtic.s at the Bureau of Standards.

In respect to the relation of power absorbed to power dissipated, fiat plate radiators have
been found to be markedly superior to otler types commonly employed, for use in unobstructed+
positions on airplanes flying at the higher speeds.

For such use, a pitch of one-half inch (1.27 cm.j between pl.ates gi-res a E@er figure of
merit than the closer spacings.

The depth of such a radiator should be considerably greater than of the honeycomb types,
and the most efficient depth is greater with the higher speeds. For a radiator of one-half-inch
pitch to be used at a speed of 120 miles per hour ‘(53.6 meters per second), the most efficient depth
appears to be about 13 inches (33 cm.]. .$ sma]] increase above this depth has but a slight

effect, hovreverl on the tlgure of merit, and if it is desirable to reduce the frontal area of the
radiator to a minimum, the depth ma-y be increased to 20 kc~es (51 cm.) or more fithoui.
serious reduction of efficiency.

Equations and plots are given, by means of which the properties of fiat plate radiators
may be obtained for various depths and spacings.

The plates should be continuous from front to rear of the radiator, in order to avoid exces-
sive head resistance caused by eddies in the air strmm.

Radiators of the “fin and tube” types are characterized b-y high head resist ante, and low
heat transfer at high speeds. With Lhe possible exception of certain compact. types for use in
the wing they are unsuitable for airplane use.

The construction of some teypes of radiators is such that at certain air speeds they produce
a -ivhistIing sound, These so-called ‘(whistling radiators” are characterized by the following
points :

(1) Unusual conditions of air flow, resulting in irregdarities in the re~ations between
different properties. For example, mass flow of air through the radiator is not proportional to
free air speed as in ordinary radiators, and head resistance is not proportional to the square of
free air speed.

(2) High heat transfer for a given mass j?ow of air through the radiator.
“(3) JTery low flow of air through the radiator for a given free a{r speed.

m

(4? In many cases, Iovi-heat tram ferfor a givenfree air speed-
(5) Very high head resistance and horsepower absorbed.
(6) LOW figure of merit.
If water tubes made of smooth flat plates, continuous “from fro~t to rear of the radiator, are

substituted for the rows of tubes of the -whistlhg radiators described, the figure of merit will he
great,ly increased.

Different radiators show different effects on being inclined at an angle to the direction of
the air stream, but in general the results (for angles up to 30”) are qs follows:

(1) Decrease in air flow through the core;
(2) Increase in head resistance;
(3) k some cases sIight increase in the heat transfer, for angles up to 20° or 25°.
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PROPERTIES OF FLAT PLATE RADIATORS.

In the course of the investigation of airphme radiators, being carrk+d on at the 13urcau of
Standards for the National Advisory Commit tee for Aeronautics, it has bcconw widen t that
careful consideration should ‘be given to a type of radiator consisting of water tubes which arc
thin flat hollow pIates placwl edgewise to the air stream. In regard to the relation of heat
dissipation to absorption of power, radiators of this type hue been slown to be rnarkcd.ly
superior to other types now commonly employed for use in unobstructed positions on tho faster
planes. These conclusions are based on a comprehensive series of twte made to dcbmnine
what propertim such radiators may be expected to possess.

For the stucly of heat dissipation, three radiators were uswl, each ~j inches dmp and with
pIates one-sixteenth inch thick, spaced ono-fourth, three-eighths, and one-half inch rcspoctidy,
center to center, They are the types E-6} E-7 and E-8 of Techni&l Report No. 63, PilrL I,
and their properties and characteristics are givm in that report. The curves em roproducwl
in plots 2, 3, and 4.

For the study of mass flow of air through the core and of head rwiste,nce, a sot of 22 dummy
radiators were constructed, using clepths of 2, 4, S, ancl 12 inches, spacings of one-fourth, thrc~-
eighths, one-half, three-fourths, and 1 inch, and thicknesses of onc-sixt.eenth and one-eighth inch.
The plates were made by covering cardboard of the proper thickness with thin sheet copper, and
were used again and again. They wwe 12 inches long and with the exception of tho ono-fourth
inch spacing, enough, -were used to make a radiator 12 inches widel so that the frontal area WRS

- 1 square foot. Since the copper was thin it was not possible to obtain as smooth a surface M
might have been des~ed, but the condition was fairly representative of what woul(i bc fount]

in commercially manufactured radiators.
Extrapolations for depths of radiators not covered by the laboratory tests ~vere mado with

the use of three empiricaI ecluations, given below. All quantities are based on one squaro
foot frontal area of the radiator and an air density of 0.0750 pound per cubic foot.

M.aw, ffow of air is given by tlie equation’

M= O.11OJ=(V (l–:-’”’’’d%)

where M= mass flow of air in pounds per second. pm square foot frontal area of radiator;
V=free air speed, in miles per hour;
t= thickness of plates, in inches;

p = pitch, in inches;
z = depth of radiatorj in inches; and
e = base of natural logarithms.

Heat dissipation is given by the equation

( --)Q=34.8 .~ 1-(+-:’

(1)

(,2) -

where Q =heat dissipation in H. P, per 100’ F. iemperaiure difference anfl J1 and B arc cmpiricwl
c.onstants.

The constants A and B were determined from actual heat tests on the three radiators
—

mentioned above, and arc as follows:
&inch pitch: A =0.24; B= 0.0616;
i-inch pitch: A= 0,11; B= O.0283;
$-inch pitch: A =0.23; B=0,0258,” .==—

1‘Thebasis for the empirical equafiom (1) and (2) may be briefly stated as follows:
Zheair flow is fonnd to be proportional ta the free air speed, rmd may be expected to be proportional to the density of the air p, so that

in which bmay be expected to be a function of the 1,free area]> a, the depth z, &DLtbe distance between plates (p –{). From the [Ormof the Cqll u
.
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It was assumed thai the head resistance might be regarded as rnwiie up of t-w-oparts: (1)
thst due to the impact of air on the edges of the plates, including suction on the rear; and (2)
that due to skin friction of the air passing orer the plates. The resuIts were wry well repre-
sented by the equation

R =n P (0.00016 t +0.0000025 z) (3)

where R = head resist tince in pounds per square f oob fro~tal area; and
n = number of plates per foot. width of core.

The values gken by this equation are a little 10-wwhen n equals 48; i. e., with one-fourth-
inch pitch, but for spacings greater than one-fourth inch, the resistance per plate was found to
bo constant for a gken speed and air density.

The weights of the radiatom and the water contained in them were estimated from
geometrical considerations and the demities of copper and solder, assuming the Lep&re type of
comt ruction. The weight is gi~en by the equation

n’= 0.0557 n x (4)

where TV=w&~ht of core and contained water, in pounds per square foot frontal area.
A lift-drift ratio of 5.4 -was assumed for the airplane, and the horsepower absorbed (per

square foot) is

Figure of merit
*

H.P.=(R+:)(&) (5)

is the ratio of the power dissipated to the power absorbed.

F. M.=& (6)
. .

———
i.ion, b must k dimamsimlessj and therefore r and (p-:}, -+ h&viag ti’mdimension 0[s length, must enter as a ratio, aud b may be of the form

These conditions are satisfied by the equa~ion

andtests onah :+”.’.. , ‘ .“:. :-” “:. “
aswnwf -ralue :. . . -

For heat t . -,, . . . . .
T. ..
c=sTddc heat of the w
J=iOWl p~eter OfWe W tubes CmL@. frOntal =4 Lrmud a section Pe.rpendictdar to tk~edirectiori of air flow
~=b.eat =am~fer p= LUUtsurface

r“
r umt tune per unit temperature dhTerence

l“= vahe of Tat front Ma 0[ t e radtator.
If it is assumed (1) that the heat transfer mries as the temperature difference, (N that the tramfer inefficient ffk independent of the depth r,

an~l[3) Lhat the temperature change iu the water wi$h Jeptls ofewe fsne@gibIe in eomp%rissn with the tem~@zediffer ence T, so thai the chauge
in T may he r~arded as due entirely h the rise LUair tempe?atw&, then eqwting ~he hmi gafmd by t e mr to that dissipated from the surface
xims

+, q) (Y)

.iIs4 h=oWflrma=o ad p-[=o -
and b= I EFkn a=l and z= o.

~=d~[-,-kE) (3’)

t 8 ~afue of 10.!75fw the units used. Substitution of equation (3’) in (1’), wfth proper units and the

,t’ation, jet
watw in fhe radiator rind air pa?sing through it

.

The heat transfer is given by the equation

s
Q= ‘ ~ Tgdz

which .qkroathe fOmn

Q=c ~ ~0 b-e-=)

E@ment shows that $ vwks as Mr-L, whwe A is ab+ut 0.2, but varies with different t.ypcsof radiztors
If T, is take. as ICO”!F.,and propar nnit.s are used, equation (i’) reduces to equation (2).

(6’)

(7’)

.
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The following example illustrates the use of the equations. Let it be required to obtait I

the figure of merit of a radiator with plates one-sixteenth inch thick, one-half inch pitch, i [;
inches deep, and at 120 miles per hour.

In “equation (1) for mass flow of air,

L().ll= 0.110 ~Jt(Y) I – e-10dp7

p =pitch= 0.5
t = thickness =-&= 0.0625

*

z = depth= 16
V = speed= 120

~~0*(120) (1 - e-’”’g’$-)M=O.llOI ~45
‘

M= O.11OJO.875 (MO) (1 – e-i81)
M= 12.35 (0. S36) = 10.33 lb. per sq. ft. per sec.

III equation (2) for energy dissipated,

‘=34s‘41-;2)
.4=0.23
B = 0.0258

[

_(O.025S) (16J

.4=34 .8(10.33) 1–/? 10.33.?. 1
Q=359 (1 -,-o~y =359 (0.21;

Q= 77.3 Ii?. P. per sq. ft. per 100C
In equation (3) for head resistance,

R=n V (0.00016 t +0.0000025 $),

F.
.

n.= 24

(R=24 (120)’ ‘%+0.0000025 (16))

R =24 (120)2 (0.00001 +0.00004)
1?= 17.27 pounds per square foot.

From equation. (4),
n’= 0.0557 (16) (24) = 21,4 lb. per sq. ft.

From equation (5),

,1.i.=@+YJ(2Lj,20

( 21.4
‘f’ ‘“= 17’27+.5.4–x )3=

= 6.8o H. P. per sq. ft.

From equation (6),

F. .M=&=&o=ll,.4
. . .

DESCRIPTION OF CURVES.

Plofi I shows figure of merit computed with the aid of the above equations for various depths
and for speeds of 60, 90, and 120 miles per hour, and for spacings of mm-fourth, three-eighths,
and one-half inrh between pkites. The curves illustrate the following points:

(1) The one-half inch pitch gives, in general, a tigher figure of merit than those of closer
spacings.

(2) For high speeds the radiator may be somewhat deeper than for low speeds.

(3) For the higher speeds the most efi~ient depth is considerably greater than :hose in
common use with the cellular types of core.
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(4) For the higher speeds, the figure of merit is practicality at its rna.ximum vah+e over a
considerable rtmge of depth, so that if considerations of compactness make it desirable to reduce
the frontal area tb a minimum, a reasonable increase in de]th beyond the optimum w-ill have

.

but a small effect on the figure of merit.
The properties of the three radiators tested for heat transfer are reproduced from Technical

Report No. 63, ParL I., in plots 2, 3, and 4.
The effect of depth on the properties of the radiator is show-n in plots 5,6, and 7. The values

of ‘‘ area required per 100 H. P.’> in plot 6 are 100 times the reciprocals of the correspontig
values of energy dissipated (in H. P./sq. ft.) of plot 5.

The following ~~ample illustrates one way in which the curves maybe used. For a radiator
-with one-half inch pitch: to be used at 120 miks per hour, the ma-tium figur,e of merit is gi~en
on plot 1 as 11.7 at 13 inches depth. From plot 6, the frontal area of radiator recpired with 13
inches depth is 1.55 square feet per 100 horsepower. If, iu order to reduce the frontal area, ~
a depth of 20 inches should be used, the xrea required would be’1 .10 square feet per 100 horse-
po-wer (from plot 6), and the figure of merit would be 11.0 (from plot 1). The horsepower
absorbed would be increased from

frontal area may be reduced in the

pared with the value for 13 inches

summarized as folIo~>:

5.6 to S.1 per square foot (.ploi 7). Since, how-ever, the
1.10

*

~~ the actual power absorbed that should be com-
‘at~o 1.D5

depth would be ~~ (8.1], or 5.75. These results may be “

I

Arearequirsd sq. ft.~l@3H. P . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
! Per cent.

Homepowmabswbd. persqwe fmtrqtid at 13.Mch~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~
1.5.5 ~ 1.10 * w

5.75 ; ;-3
Fi~e&merit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..l

5.6 ~
11.7 ] 11.lxl ~ –6

r
—

A careful distinction should be made between radiato~ -whose water tubes are smooth,
flat plates and other types using perforated plates, or deep and narrow tubes placed in rows, one
behind the other. Holes in the water tubes, or spaces between them in the direction of the air
30T, cause Yery great. increase in head resista~ce and decrease h mass flow of air; and although
the heat transfer per square foot of cooling surface may be increased by the great turbulence
caused, it is at a wwy hea-r-y cost in head reista~ce, and with a decrease in figure of merit.

The effect of holes in the water tubes, and of spaces between them in the direction of the
air flow is taken up later in this report under “ Properties of whistling radiators,” in which the
properties of six such types are given.

PROPERTIES OF FIN AND TUBE RADIATORS.

The properties of “ fi and tube” types of cooling radiators are distinctly different. from
those of the better cellular types and warrant special mention.

In general, the fin and tube types are chmwcterized by high head resista~ce and by low
heat. transfer at high speeds. The 10-wheat transfer is accounted for by the small flow of air
thro~mh the radiator and by the large amount of indirect cooling surface. For radiators as
ordinarily made, with depths of 5 inches or less, head resistance has been shown to be due
principally to the impact of the air on the front, face and suction on the rear, and only to a small
clegree to skin friction on the walk of the air passages. With the b and tube construction the
effects of impact and suction are exsggeratea; for each separate water tube is subjected to
impact on one side and suction on the other, with the result thrtt the total (proj ectecl) area.
subjected to impact and suction—on aIl tubes-is much greater than that necessitated in a
radiator of the same size but. of cellular construction. To the ‘&fect of this impact and suction
must be added the effect of skin friction on the fins.

Excessive head resistance, accompanied by 10-wheat transfer, make the fln and tube types
unsuitable for use on an airplane m-here they would be exposed to a current of air at a high speed.

-——
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The more compact types, however—notably F+, which has large -i-rater tubes with crimped
spiral fins nearly touehing each other-show a relatively high rate of heat transfer at very low
speeds, which -justifies their extersive use on trucks and lower speed automobiles. Indeed
the type F-4 -would doubtless dissipate a comiderable. amount of heat with convection c~rents
only.

The accompanying curves show the heat transfer (energy dissipated) for five types of core,
in terms of the mass of air flowing through the core. The heat transfer is expressed in horse-
power per square foot of frontal area, for a d.ifl’erence of 100° l?. between the mean temperature
of the -water and the temperature of the entering air. Mass flow of air is expressed in pounds per
second per square foot of frontal area. Energy dissipated is also sho~n in terms of free air speed;
that is, the speed of the machine on which the radiator is mounted. P1ot 3, reproduced from
Technical ReporL No. 63, Part 1, shows also the figure of merit of the radiator, -which is the
ratio of the horsepower disipated to the horsepower absorbed.

The attempt to determine the relation between the mass flow of air through the core and
free air speed was unsuccessful in the case of the ttiypeF--l (-with spiral fins); for the air flow was
too smaII to be measured with the instrument. used on the other radiators.

In general, it may be stated that fin and tube radiators are unsuitable for airplane use,
with the possible exceptioD of a type similar to F-4, placed in the wing, -where the mass flow
of air must be wiry small (even less than for the nose position), and consequently head resist ante

is not necessarily a detriment..
.

PROPERTIES OF WEUST’IJNG MIXATORS.

Certain types of cooling radktors that whistle in an air stream show pemdiar properties, -
and while radiators of this construction are not recommended the-y are being used to some ex-
tent, and appear to be worthy of special meution.

TYPES OF CORE TESTED. .

The whistling radiators tested at the Bureau of Standards fall into two gened c~asses:
(1) Plain water tubes, and
(2) Perforated -water tubes.
The photographs show the. forms of construction. In each case the radiator is made up of .

separate water tubes about 2 inches deep (in the direction of air flow-.), arranged in rows. In
addition, the plain tube type has & spaced 2 inches apart.

The test sections included orie of the plain tube type, designated as E--9, a~d five perforated
tube types, made up in M%reni depths, and tith different spacings between rows of tubes.
These sections are designated as follows:

E-1, +-inch pitch, 2 tubes deep.
E-2, ~-inch pitch, 3 tubes deep.
E-3, &-inch pitch, 4 tubes deep.
E++, &inch pitch, 4 tubes deep,
E-5, +&inch pitch, 4 tubes deep.

CAUSE ANI EFFECT OF THE WHISTLE.

The form of construction leaves continuous air passages across the radiator; that is, per-
pendicular to the direction of the air stream. In the plain tube @pe these air passages occur
between the -water tubes, and in the perfor~ted tube types not only between the tubes but at ‘
each perforation. Ml through the radiator there are shor~ cold.of air, across the ends of which
air is blowing, with the result that -vibrations are set. up in the sh&t columns and perpen&cuIar

..—

to the air stream. The resdting whistle -wiI1of course vary widely in intensity Ad in pitch as
the speed of the air stream -raries, and conditions of resonance ha~e -wry marked effects, not
only upon the sounds, but, upon the properties of the radiator.

By the vibrations of the cross columns, air is alternately being forced. into and withdrawm
from the fast moving stream. Air draw-n out of the stream will be retarded and air forced into it
will be accelerated, thus “acting as a dragon the stream. These W-Oeffects cause a great decrease
in the flow of air through the radiator and a great increase in head resistance.
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At the same time the very great turbulence caused in the air stream results in a h@
heat transfer per square foot of ceding surface for a given mass $OW of a<?’h’o’ugh tk rad’iaior,
znd this increase in heat transfer may be so great as to counterbalance the decrease in air fiow,
but is not gre~t enough in any case observed to overcome the cIisaclvantage of the incretwecl head
resistance.

DESCRIPTION OF CK3VES.

The accompanying curves show the properties of the six types of mdiator, expressetl as
folIows (all values have been reduced to an air density of 0.0750 pmmd per cubic fm]L):

Free air speed, in miles per hour.
Mas,sjow ~f air through the radiator, in pounds per second per square foot front,tiI area.
Enayy dissi.pakl, in borseporer per square foot per 100° F., difference between the tenl-

perature of the entering air and the mean of the temperatures of the entering and leaving wuter.
Read resistance, in pounds per square foot frontal area.
Horsepower ai!wrbed, in horsepower per square foot frontrJ area.
Figure qf remit is the ratio of the horsepower cIissipatecf to the horsepower absorbed.
Plot 1, reproduced from TechnicaI Report KTO.63, Part. I, shows the propertic; of the plain

tube type, E-9. Its heat transfer is high, but its head resistance is also high, and the figure of
merit is low, The great weight of the radiator accounts for its very iow figure of merit at lo~v
speeds.

The relation between the mass flow of air through the radiators and free air speed is shown
for three of the perforated tube types in pIot 2. For orc]inary radiators this relation is Iinear,
and it is practically so for the plain tube whistling type. The irregular form of these curves
shows clearIy the effect of the peculiar conditions of air flow in the radiator, the sudden changes
in slope of the curve corresponding to sudden chtinges in tone of the whistle.

Plot 3 shows ~nergy t!issipated (heat transfer) in terms of mtiss flow of air. The curvo
for the type IW was determined by interpolation, I ~in~e, the water boxes had been rcmm-cd

in order to measure its head resistance. Too much importance should not be assiggled to the
fa,ct that some of these curres show a high heat trtimfer with a given mass flow of air, for PIot
4 shows that the highest curve of PIot 3—that for E-3, four tuhos deep, five-sixteeuth inch
pitch—becomes low when heat transfer is plotted against free air spectl. About 70 radiators
tested at t~lis bureau ha~e been graded from “k” for very high heat, transfer for a gi~on free

~ir speed to “ill” for -rery low heat transfer, and those perforated tube types are graded ‘+11”

on such a scale.

l?lots 5 and 6, reproduced from Technical Report No. 63, Part I, show the complotti prop-
erties of Lhe type E–4, in terms of mass flow of air, ancl in terms of free air speed, mspcctively.
The curves are reliable within the ranges co-i-ered, but the irregular relation bet~veen. muss
flow of air ancl free air speed makes extrapolations extremely doubtfuI.

Head resistmce of ordinary radiators is n.early proportional to the squarw of free air spcetl,
but the irregularities in the head resistance curves of Plots 1 and 6 show- that this is not tho
case with the whistling tjpes.

COMPARISON BETWEEN WHISTLING RADIATORS .4ND FLAT PL.4TE RADIATORS.

The foregoing statements should not be interpreted as applying in any degree to rwlintors
whose water tubes are flat pIates with smoot,l~ surfaces, and continuous from front to rear of
the radiator.

The whistling types are characterized by 1OW-air flow am] often Iow heaL transfer (for a
given free air speed), by high head resistance, and by a l~i~ fi~ure of merit.; but the flat plate

types are characterizwl @ high air flow and heat transfer (for a gi~-en free air speed), hy Iow

head resistance, ard by a high figure of merit. The following comparati~-o tables show the
superiority of the flat plate types over the whistling types.

—— _—.. ..__ .= ,_+
~T~Tes E-3, E-1, and E-5 arc each four tubes deep, and are fi~-e-sixteenths, one-half, and five+?ighths inch pitch, rtipectivdy. The heat trtme-

fer for E-3 and E-5 was found to be proportional to the number of tubes per foot width of front, and this proportionality was used in interpolating
ior E-4.
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TABI,E l.-Pe<forated tuhetgpe andJatp~ate type ofthcsamc p;tchand ~mtically the same depth.

Pi&h, inches . . . . . . . . . . . . . . . . . . . . . . . . . . ..~ . . . . . . . . . 0.5 O.s ~ Emr~ dissipd M, horsqower per Squore fcd ,

Depth, inehes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.xl WrI@le F . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...” 34.!.:3~ XI.8
Cooling surfare, sqmre feet, per sqw.re fmt front.. 29.5 Jp- ~!Hezfl rmi~t~ce,pO~& pw-sqmre foot. . . . . . . . . . 3.12
Mass tfrw of air, poumfs per semrd per squsre l! Horsepower absorbed persqusre kd. . . . . . . . . . . . . L 75 .92

feat . . . . . . . . . . . . . . . . . . . . . ..-_ . . .._.. _..___.- 3. iO L :3 F@reofmwft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17.6 i 32.4

Test data are not available for a direct comparison of plain tube and flat plate types of
radiator of the same pitch, but the plain tube whistling type E-9 of three-fourths inch pitch
may be compared with flat plate types of one-haIf inch pitch. It was -previously show-n that for

flat plate types a pitch of one-half inch is better at high speeds than the closer spw.ings, aml
there seems to be no reason to suppose that a pitch of three-fourths inch wouId be less efficient.
A comparison of the two types woukl appear to gi-rp an advantage to the one of three-fourths
inch pitch. Two depths of the fiat plate type are considered , giving approximately the same

(Iirect cooling surface (not including fins), and the same actu%l depth of tubes, respectively,
as the -whistling type>. A plain tube whistling type H-3, described in a French report, is also
inc.ludecl.

TABLE 11.—( ‘omparkn qfj?afplateand plain tub rodiators.

FREE AIR SPEED, M WLES PER HO~R.

TqII?

—

Fk+r FM E-!,
plate. plate. plain

tube.

$.5

&9
10.:3
i7. 4
17.1
6.7

lL5

0.5 ,
20.
SO.5
9.91;
w. 5
2Q.S
s.2

11.o ;

0.75
29.25
6L 7
s.%

3L5
25.9
11.2
i. 3

FREE AIR SPEED, W 3fILES PER EO~R.

C?OXCLGSIOXS.

The above tables seem to show clearly that any increase in heat transfer caused by pw-

forationj in the water tubes or spaces between them in the direction of air fro-wis at the expense
of a great increase iu head resist ante m’1 is accompanied by a decrease in the flag-u-eof merit.
The same resw.dthas been found i~ the caw of turbulence vanes in cellular radiators, and indeed
no type of radiator is known to this bureau in which an artificial increase of turbulence is not
accompanied b-y a decrease in fi~~re of merit. For use in obstructed positions, such as the

nose of the fuselage, it may be necessary to saerifiee figure of merit of the radiator core for
the benefit of heat transfer, but for unobstructed positions it appears that smooth straight
air passages through the radiator shouId be protided.

54.SW--21-1O
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EFFECTS OF YAWING AIRPLANE RADIATORS.

T’iYnd-tunnel tests on radiators for aeron~utic engines have usually been made with the
face of the radiator normal to the direction of the wind, so that although local eddies might be
set up, the general direction of the air stream -was straight, as it passed through the radiator.
If the axes of the air passages are inclined zt an angle -with the general direction of the air
strenm; or, in other words, if the face of the radiator is not ~ormal to the air stream, the prop-
erties of the radiator vriII be somewhat changed, and it is the purpose of this report to show the
general form of these changes.

The effect of inclining the rdiator at an angIe With the air stream, or yawing the radiator,
is of interest in connection with the following conditions:

(1) Radiator mounted in the propeller slip stream, w-here the air strikes the radiator at
other angles than normal to its face.

~J) Rzdiator Mouted ~ any position @uch as the fig) where ‘the axes of its passages

for the air are not parallel to the ~irection of motion of the plane.
C3) Racliator pivoted about an axis perpendicular to the direction of motion of the air-

plane. This construction represents one method that has been suggested for the regulation
of cooling capacity.

The effects of -yawing a radiator through angles from 0° to 45° falI into three classes, namely,
t!ue effects on (1) air flow through the core, (2) heat tramsfer, and (3) head resistance.

(1) EFFECT ON AIR FLOW THROCGH THE CORE.

For ordinary types of radiator the mass flow of air through the core is directly proportional
to the free air speed (that is, to the speed of the air stream in -which the radiatoi is pkced)

. when the face of the radiator is normal to the air stream. Measurements of air flow have been
made on two sections in ya-wed positions and the results obtained with one of {be sectioos are
shovm in Plot 1, -which indicates that the relation between mass flow of air through hhe core
and free air speed is still linear between 30 and 90 miles per hour, but the line points beIo-w
the origin. The two types tested are of square cell construction, about one-fourth inch in
diameter.

A similar effect, but much more pronounced, -w.s observed in the case of a single type of
core when in its normal (not yawed) position. The result of this test is aIso shown” in Plot 1.
This type, which is the type G–4, of Technical Report No. 63, Part 1, is made up with irregular
sha: ed celk inclined at an zmgle of A} 0 to the normal to the face, alternate rows of cells being
inclined on opposite sides of the normal It is illustrat d in the accompanmg photograph.
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The type G-# a ~d types t’ at whistlo in the air strewn are the only radiators noted in which
the air flow through the core is not directly proportional to the free air speed.

(2) EFFRCT ON HEAT TRANSFER.

No tests have been made at this bureau to determine the effect-of yawing the radiator on
heat transfer, but a French report mentions a section (type not specified, but probably cellular)
which showed an increase in heat transfer as the angle of yaw increased from 0° to 20° and
thrn a decrease, bringing the heat transfer back to its normaI value with an angle of about 40°,
The maximum increase over the normfil value was about 7 per cent. The French report further
states that “ with radiators of water-plate type the increase in heat transfer is not so clearlY
show-n, but the decrease in effectiveness is hardly pereeptibk below 400. ”

A British report states hhat three honeycomb types, each M inches square, showed a maxi-
mum increase in hezt transfer of somewhat over 20 per cent with angles of yaw of about 45°.
A large honeycomb section with 4.S square feet frontal area ga-ve a maximum of about the
same per cent at 25°.

(3) EFFECT ON HEAD RESISTANCE.

This effect has been treated in Technical Report-No, 61, Parti I, “Head resist~lnce of r~di-
ator cores,” and the accompanying curves are taken from that report.

Plots 2 and 3, for one-fourth inch square cell (No. 81) and three-eighths-inch elliptical cell
(No. 7s), respectively, are given as typical of ordinary cellular types. The head r~istance
increases rapidly with the angle of yaw up to at least 300.

Plots 4 and 5 are for special types which sho~v the Variations in the form of the curves.
The ttype NTO.SO has spiral air passage% and its kd resistance S110W7Svery little change for
angles up to about. 30°. The type No. 79, shown in the photographs, is the type whose

peculiar air flow is mentioned abo~-e. This shows & large increase in head resistance with
increase in angle,Of yaw, and in particdar it shows a -rcry sudden increase with small ang]es<
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