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INTRODUCTION

This report has been prepared in resovonse to
: a reguest received from an aircraft company for
S information. A typical example was selectesd for
the oresentation of an approximate method of calcu-
lation of the relative humlidity required to prevent
frogting on the inside of a plastic window 1in a
pressure-type cabin on a high-speed alrplane. The
conditions assumed for this example are as followg:

Window. .. overenennn. ...5ingle pane of transparent
plastic 5/8 inches thick
(k for plastic = 0.1827
kg. cal./m °C nr.)

Outside ftemperature...= H00F

Cabin temperature.......+00F

Ail" Speed... e ¢ a9 acs ......M'OO rﬂ-puho

ALEitUAC s e s e rnenreeensaaB,000 T,

Cabin Pressur€e.........10.9 1b./sa. in.

The solution for this varticuler set of condi-

tions ig 15 per cent relative humidity. The method
used to obtain this solution follows.



METHOD

It is assumed that the velocity of the alr
across the window is equal to the air speed, 400
m.p.he The temperatures involved are shown in

figure 1.
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Figure 1.

Since all temperatures involved will be low,
the factor of radiation may be neglected and the
heat transmigsion process will be free convectlion,
t1 to tp, ccnductlion through the plastlc, to to tB’
and forced convectlion into the boundary layer,

JGB to JG)_%,.

The eguations of the hest flow at steady state
(from reference 1) give:

np Al - t,) = K A(Ep = %3) = np Aty - ty) (1)

hY
where

hy = transfer coefficlient, cabin alir to window
A = window area )
1, to, t3’ T, %5 = as shown in figure 1

k = conductivity of plastic
I = window thickness
h, =« transfer coefficient, window to outside

[

air



The uniknowns are hy, to, tz, th, and ho. Since
only two equations are available we must evaluate
three of these in some manner.

An avproximation for h; is obtalned from equaticn
(29), page 2W4, reference 1. Noting the remark on
peze 2&5 that h 1z further eiffected by pressure, we
write:

" y 0425

1.7

The value of ty (temperature of air in boundary
layer) can be celculated from equation (7), refer—
ence 2,

e = ty = - 0.45 V2 x 1077

-~

This equation is for V in m/sec and tg — ty
in degrees Centigrade. Applying V = 400 @m.p.h.
we obtain . - t) = 25° Fahrenheit, hence ty = -15°

Fahrenhelt.

The value of h2 ig difficult to state since very
few data are avallsble at such high speed. However,
apolication of ecguations from reference 1 and expe-
rience with transfer coefficients at lower veloclitlies,
lead to the conclusion ho must be approximately equal
to 50 and would certainly be no less.

The problem now resolves to a trial and error
method, but certain reasoning will lead te a cuick
result. An inspection of equation (2) indicates
that hy is not much affected by changes 1in t; - to,
and for values of to which seem within reason hi must
be awnproximately 1.0, '



Therefore, assume hy = 0.8, ho = 50 and
equation (1) becomes

(Lo - t ) = _0:123 (tp—t3) & x 12
2

- 5o(t3+ 15)

which gives tp = -0.6° Fahrcnhelt and tg = -1L.4°
Fahrenhelt.

Substituting this value of to in equation (2)
lFSUlb in hy = 0.7 which is close cnough %o the
gsumed value of 0.8, Notice that the effect of
&sumwuw higher values of heo will merely result in
reduOLng t; ty, and for a%] practical purposes t3
could have’been asgsumed ecqual to Tl

Condensation of moisture upon the inside of the
window will occur when the water vapor present in
the cabin ailr has a saturation temperature equal to
or grecter than the temperature of the inside surface
of the window. Assumc the water vepor has an zctual
vapor pressure of P and 1s at cabin temperature
of 409 Fahrenheit. As this vapor is cooled it will
maintain 1ts same pressure a8 long as 1t is a vapor.
In order for no condensation to occur until -=0.6°
Fahrenheit is reached, the value of Py must be the
saturation pressure corresponding to ~0.,6° Fahrenheit.

o
Thus, relative humidity = Selration ressue af ~06° B, 4 100

saturation pressurest 40° F.

- 0.92 mm Hg
6.%7 mm Hg

x 100 = 15 per cent

Air in cabin at 40° Fahrenheit and pressure of 10.9
pounde per one scquare inch must have relative humidity
less than 1% per cent in order to prevent frosting of
the windows.



From the problem above it can be secn that frost
e prevensed by (1) reducing the humidity or (2)

can b
heating the window. As regards (1), a humidity of 15
per cens is conslderably below the comfort 1limit of 30
per cent. If the cebin humidity is raised, extremely
drv zir would have to be introduced into the cabin ailr
near the windows to prevent condensation.

Method {2} avpears to be the best solution, and
e simple celoulation indicates that a window inner-
surface *emperature of 15C ”ahrﬂnhglt would prevent
frosting when the cabin alr was at LoO Fahrenheit
ard relative humidity of 30 per cent. Since this tem-
perature is not much above the -0.60 Fahrenheit from
the problem juet solved, probably an inner sscondary
window about 1/16-inc h thick and separated from the
ouser window by a 1/16-inch alr gap would be above
150 Fehrenheit.

If this should no% be sufficient, the hot eair
method described in reference % wWas extremely success—
ful in teste, and %the cabin heeting eir could be ad-
mitted betweer double panes. This 1g the best method
concerning which we heve information, although any
meang that aise the glass temperature to the
required v 11 be equally successful.

The value of the heat-transfer coefficient depends
upon a number of complex variables suci as veloclity of

n -d &

shape of contact surfaces, and
the fiuid. The coefficient is
pe of flow, whether laminar or
in velocity usually tends to
yer thus increasing the trans—

1
fivid flow, nature and
pnysical properties of
greaBLy infiuenced by
turbulent. An increase
ecrease the btoundery 1
Ier cogfficient.

The value of thils heat-itrensfer coefficient has
been establiched Tor a great many specific conditions
and i1nterested parties are directed to references 1
and 2, and also the volume of the Durand series con-
cerned with hest flow, reference k.
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