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-- T l i i s  r e p o r t  h a s  been  - s repaped  i n  y e s - m n s e  t o  
a yeq:xueo t r e c e i v c d  f r o n  an*. a i r c r a f t  corflpaiiy f o r  
i n f  orm2.tion. A t y g i c a l  examp]-e Tifas se l -cc  t s d  f o r  
t l ie  -ore s e n  t a t i o n  of  a n  appi-oximate method. of c a l c u -  
l a t i o n  of  t h e  r e l a t i v e  h.umidi ty r e a u i r e d  t o  p reven t  
f r o s t i n g  on t h e  i n s i a e  of a window in a. 
p r e s s u r e - t y p e  c a b i n  on a h igh- speed  a i ~ p l a n e .  The 
c o n d i t i o n s  assumed f o r  t h i s  exam2le a r e  as f o l l o w s :  

Window ,................. S i n g l e  pane of t r a n s p a r e n t  
p l a s t i c  5/E! i n c h e s  t h i c k  
(k f o r  p l 3 ~ s t i c  = O,l%27 
kg. cal . /m O C  h r . )  

..... Cabin t - e r a t u r e .  .LCO"F 

Air speed.  ............. .4-00 m .p .  h. 

A l t i t u d e .  ............... 25,000 f t .  

......... Cabin p r e s s u r e .  10 .9  Sb , / sq .  in. 

The s o l u t i o n  f o r  t h i s  7 a r t i ~ u l - a r  s e t  o f  condi -  
t i o n s  i s  15  p e r  c e n t  r e l a t i v e  l i u ~ n i d i t y .  The method 
u s e d  t o  0bt~2i.n t h i s  s o l u t i o n  f o l l o w s ,  



METHOD 

I t  i s  acsumed t h a t  t h e  v e l o c i t y  of t h e  a i r  
a c r o s s  t h e  T,~indlow i s  e q u a l  t o  t h e  s,ir s p e e d ,  4.00 
m.p.h, The t e m p e r a t u r e s  i n v o l v e d  a r e  shown i n  
f i g u r e  1. 

t o u t s i d e  a i r  5 ----T= 4-00 mph \- - -- -- - - - - 4 7  

S i n c e  a?-l 'czmper~-~turaes i n v o l v e d  w i l l  be  low,  
t h e  f a c t o r  o f  r a d i a t i o n  may b c  n e g l e c t e d  and t h e  
he2. t  t ransrn i .~ ;s ion  p r o c e s s  brill- be  f r e e  c o n v e c t i o n ,  
tl t o  tg ,  ccn i .uc t ibn  thyouch  t h e  p l e s t i o ,  t2 t o  t3, 
and f o r c ~ d  c o n v e c t i o n  i n t o  the  boundary l a y e r ,  

The e q u a t i o n s  of  t h e  h e 2 t  f l o w  a t  s t e a d y  s t a t e  
( f r o m  r e f e ~ e n c e  1) g i v e :  

\ 

where 

h = t r a n s f e r  c o e f f i c i e n t ,  c a b i n  a i r  t o  window 
A - b~indohr a r e a  
t l ,  t:, t3, t 4 ,  65 - as shown i n  f i g u r e  1 
k E c o n d u c t i v i t y  o f  p l a s t i c  
I, window t h i c k n e s s  
h, = t r a n s f e r  c o e f f i c i e n t ,  Tvindow t o  o u t s i d e  

L air 



The unknowr~s a r e  h l J  , t3, t4 ,  and  h2* S i n c e  
o n l y  two equa . t ions  ape  a b l e  we must e v a l u a t e  
t h r e e  of  t h e s e  i n  some manner. 

An m n r o x i m a t i o n  f o r  hl i s  o b t a i n e d  from e q u a t i o n  
(291, usge 2411, r e f e r e n c e  1. Not ing  t h e  remark on 
page  245 t h a t  h i:: f u r t h e r  e f f e c t e d  by p r e s s u r e ,  we 
w r i t e :  

The v a l u e  of t 4  (tern-peratuise of  a i r  i n  boundary  
l a y e r )  car1 be c a l c u l a t e d  from eq.ua.tion ( 7 ) ,  r e f e r -  
ence  2. 

T h i n  e q u a t i o n  i s  f o r  V i n  m/sec and  t~ - t 4  
J 

i n  d e g r e e s  C e n t i g r a d e .  App ly ing  V = 4.00 m.p.h. 
we o b t a i n  t - tQ, - 25' F a h r e n h e i t ,  hence  t 

5 
4 = -15' 

F a h r e n h e i t .  

The v a l u e  o f  h2 i s  d i f f i c u l t  t o  s t a t e  s i n c e  v e r y  
few d . s t a  a v a i l s b l e  a t  s u c h  h i g h  speed. However, 
a p p l i c a t i o n  of e q u a t i o n s  from r e f e r e r i c e  1 a n d  expe- 
r i e n c e  w i t h  t r z n s f e r  c o e f f i c i e n t s  a t  l o w e r  v e l o c i t i e s ,  
l e a d  t o  t h e  c o n c l u s i o n  h2 must b e  a p g r o z i m a t e l y  e q u a l  
t o  50 and- would c e r t a . i n l y  be  110 l e s s ,  

The problem nolor r e s o l v e s  t o  a t r i a l  s n d  e r r o r  
rn2thod) b u t  c e r t a i n  r e a s o n i n g  w i l l  l e a d  t o  a o u i c k  
r e s u l t .  An i n s p e c t i o n  of e q u a t i o n  ( 2 )  i n d i c a t e s  
tha t  hl i s  n o t  much a f f ~ - c t c d  L);r changes  i n  tl - t 2 ,  
a n d  f o r  v a l u a s  of t;? which seem w i t h i n  r e a s o n  h e  must 
b e  a7~proxirnat  c l y  I. 0. 



T h e r e f o r e ,  assume hl = 0,8, h2 = 50 a n d  
e q u a t i o n  (1) bccomes 

rvlrich g i v e s  t2 = -0.6' F 'ahrLnhei t  and  t = -14.h0 
F a h r c n h c i t ,  3 

S u b s t i t u t i n g  t h i s  v a l n i  of t2 in equat l .on (2) 
~ ~ e s u l t n  i n  h.1 = 0.7 which  i s  c l o s e  e i i o u ~ h  t o  t h e  
aosumed v a l u e  of O,g, N o t i c e  tha t  t h e  e f f e c t  of  
a s suming  h i g h e r  v a l u e s  o f  h w i l l  merely r e s u l t  i n  
r edu .c ing  t - t4 ,  and. f o r  a l p r a c t i c a l . .  pu rposes  3 .. 

!? 
c o u l d  h a v e  been assumed eqi.~al, t o  t4. 3 

Condensa. t ion of rnois t u r e  upon t h e  i n  s i d e  of t h e  
window ml-ill. o c c u r  mnlh?n t h e  wa. tcr  valmr p r e s e n t  i n  
t h e  ca .b in  t 3 . i ~  has a sa:ture.tlon t e ~ n p e ~ a t u r z  e q u a l  t o  
o r  ,grecvter t h a n  t h e  t e m p e r a t u r e  of thc i n s i d e  s u r f a c e  
of t h e  windo~lr, Assurn;: t h e  w a t e r  v~.pos.. has a11 e . c t u a l  
vapop Dyessu re  of  

P~ 
and i-s a t  c a b i n  t e m p e r a t u r e  

CIS- .  40°; FahToi?hei t ,  s t h i s  v a p o r  i s  c o o l e d  i t  w i l l  
illainttnin i t s  same p ress ine  as l o n g  as i t  i s  a, valmr.  
In orficra f o r  no condensa t io i i  t o  o c c u r  u n t i l  -0.60 
F a h r a n h e i t  i s  reciched, t h e  v a l u e  of PV must b e  t h z  
s a t u p a t  ion p r e s s u r e  c o r r e s p o n d i n g  t o  -0.6O F a h y e n h e i t ,  

saixmdtion p m ~  fit -0.6 'I 8 Thus,  r e l a t i v e  h u m i d i t y  = -- ---- x 100 
saturation pressm Eit; 40° F . 

-. O*92 m Hg 
x 1 0 0  = 15 p e r  c s n t  

6,37 mill Hg 

A i r  i n  c a b i n  c 2 t  40' F ~ * h r e i i l i ~ i t  a n d  p r e s s u r e  of 10.3 
poundo p e r  one  s q u a r c  i n c h  must have r s l a t i v e  h u m i d i t y  
l e s s  t h a n  15 pzr  c e n t  i n  o r d e r  t o  p r < ? v ~ n t  f r o s t i n g  of 
t h e  windows. 



Fron t h e  -nroblex e.Sove i t  can Se seen  that f r o s t  
can be p :2e~en$&.  by ( 1 )  r e d u - c i ~ g  t h e  humidi ty  o r  ( 2 )  
hsn."ucg t k e  window.. A s  r e g s r d s  (I), a ,humidity of 15 
p s r  ceii: i s  cons ide rab ly  below t h e  ccmfar t  l i n i t  of 30 
p e r  cefit .  Is" the  czbin  l zua id i tg  i s  ra . iaed,  ext remely 
d r y  zi- wouLd hsve t o  be In t roduced  i n t o  t k e  cab in  a i r  
nea? t h e  wlr?dows t o  @reven t  cond.ensation. 

Method (2) a.i2pcars t o  Se t h e  ' o e s t  s o l u t i o n ,  and 
a a i r > l c  c ~ l c u l s t i o n  ii1Gicates tha t  a window inner -  
s u r f  ace S c x ~ = r a t u r e  of 250 Fahrenhe i t  would preven t  
f r o s t i n g  ~chen the  cab in  a i r  w a s  at 40° Fahrankeit 
acd r e l a t i v ?  h u ~ i d i t y  of 30 p e r  cenJc. SLncs t h i s  tem- 
p s ~ a t u r e  i s  no t  auch ebove t h e  -0.60 Fahrenhe i t  from 
t h e  p r o b l e n  Suet  co lved ,  p robably  a n  i n n e r  seconcary 
windoi~  cbou% 1/16-inch t h i c k  &nd s ~ p a r a t e b  from t h e  
o u t e r  :..rindow ‘54. .?. li/16-lncl? ski- asp - .- ?PJOQIC~. be zbove 
150 F ~ ~ y ~ c l ~ h ~ i t ,  

if t h i 3  sk0?2.16 no5 be s u f f i c i z n t ,  tb-c h o t  a i r  
metho$- &escyibed i n  y e ~ e ~ ~ ~ ~ e  7 yt",~ e x t r e ~ e l y  success-  - .  /I 

fui i n   test^, and t h e  cabin h e z t i n g  a i r  cou ld  be ad- 
m i t t e d  bet::~esi; ~ C I ? A > J E  p ;~^&qe~,  y;?.is i s  the Ssst method 
c o n c e r i n l c ~  -5Lcisi~ we h:yve inf ora,o,tion, a l t hough  any 
menl?e tl.lat %~Z11 rzise :he g l a s s  tem2eraSv.re 50 t h e  
r e q u i r e d  va lue  w i l L  be e q u a l l y  s u c c e s s f u l ,  

m- i n e  value ol" nea t - tYansTzr  c o e f f i c i e n t  depends 
upon 2 numbzr of coi-qlex v a r i ~ ~ b l e a  such es v e l o c i t y  of 
fluie- f low,  n e t u r e  and sha.pe of cox'sect sG~s"8ces ,  and 
p h y s i c a l  p r o p e r t i e s  of tke f i u i d .  The c o e f f i c i e n t  i s  
s r e a t l y  InPiuenced by type  of f low,  whether l a n i n a r  o r  
t u ~ b u l e n t .  An i n c r e a s e  i n  v e l o c i t y  u s u a l l y  Sends t o  
d e c r e a s e  t'ke 'coundz.~y l e y e r  thu-s i n c r e a s i n g  t h e  t r s n s -  
f zp cocf f  iciest, 

The v a l u e  of t k i s  hert-- transfer  c o e f f i c i e n t  has 
bezn e s t a b l i s h e d  f o r  s g r e z t  zany s p e c i f i c  c o n d i t f o n s  
snd i n $ e r e s t e d  p s r t i ~ s  c.re d l r ? c t = "  L,U t o  i ae fe rences  2. 
and 2 ,  z n C -  a2so tile volune of t h e  k r m 6  s e r i e s  con- 
ce rned  w i t h  f i e ~ t  f l o l ~ ,  r e f e r e n c e  -&, 
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