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All DQROV'!3D CONTUUOUS*IlQfC_4TLNG D m - P O I N T  I43TER 

By Frank A.  Friswold, Ralph D. Lewis 
and R .  Clyde Wheeler, Jr. 

R cont inu.ous - indicat  ing dew-poi.nt meter t h a t  al.ttomat i c a l l y  nain- 
t a j n s  a mirror s u ~ f a c e  at the dew v i n t  has been developed. Heat 
conduotei: I'rom the  mirror t o  a caoiant  is balanced by heat  generated 
a t  the  mirror surface by radio-frequency induction heating.  The 
heatring is control led  by a photoelect r ic  bridge c i r c u i t  t h ~ t  de t ec t s  
t he  formation of dew on the  mirror .  This dew-point meter has two 
improvemen.ts over .,jroviouslg developed mstruments of ";his type i n  
t h a t  the  use of iaduct i,n beat  fng grea:tljr imyroves the s t a b i 1 i . t ~  and 
response t o  rapid  var ia t ions  in h~1midi. t~ and the photoelect r ic  bridge 
c i r c u i t  i s  one t h a t  1.enSit.r~ the  e f f e c t  of ofdinaky var ia t ions  i n  l i g h t  
i n t ens i t y  and o p e ~ a t i n g  voltage neg l ig ib le .  

The instrumen<. wzs found t o  have an average accuracy of 41" F 
over the  range of 75" t o  -45O F. The e r r o r  frequently exceeded the  
average f o r  long periods in the  range OG t o  25" F and f o r  shor te r  
periods a t  lower temperatures va less  a spec ia l  precaution was taken 
t 9  ass1;re i.ndicat ion of the  vapor- s o l i d  r a t he r  than the  vapor-liquid 
equilibrium temperature. This precaution was applicable only below 
15' F: and the re  remains i n  the  range 15" t o  32' I? an uncer ta inty  i n  
accuracy equal t o  the  di f ference i n  the  two possibLe equilibrium 
temperatures, The tlme t o  reach eq~xilfbrium a f t e r  a sudden change 
i n  dew point wae l e s s  than 3 seconds per "P change. 

A dew-point meter was used t o  measure the  moisture content of 
a i r  i n  the  induction system of a m i l i t a r r  a i rp lane during an intles- 
t i g a t i o n  of i ce  formation i n  t he  i n d u c t i ~ n  system. 

I n  research on i c ing  and de-icing cha rac t e r i s t i c s  of various 
a i r c r a f t  and engine comnonent~, the  moisture content of the  a i r  must 
be determinzd i n  order t o  evaluate r e s u l t s .  If the  dew point a d .  
t o t a l  pressure of the  a i r  a r e  measured, the  moisture content rcay be 
c a l c  listed. fro??, fundamental gas laws. 
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A method of' measuring dew points was devised by Regnault about 
1845 and l a t e r  modified by Alluard. This method requires the cooling 
of a mirror surface by evaporation of a vo la t i l e  l iquid,  the  observa- 
t i o n  of condensation, upon the mirror surface, a3ld ijhe observation of 
t h e  temperature of the mirror surface when the  condensation appears, 
The pe r fomnce  of these operations is a tedious process and some 
pract ice is  required t o  obtain accurate resu l t s .  The observation of 
t h e  f i r s t  t race  of dew upon the  mirror i s  p a r t i c u l a r l j  d i f f i c u l t  . 

Continuous-indicating dew-point meters were developed by 
C. W. Thornthwaite and J. C. Owen of the  S o i l  Conservation Service, 
U. S. Department of Agriculture about 1939 (reference 1) and by 
D. R. Storey of the National Research Laboratorieg of Canada about 
1942 (references 2 and 3 ) .  I n  these continuous -indicating dew-point 
meters, the  mirror is continuously cooled by a refr igerant  whose 
temperature is well below the dew point and continuously heated by 
a r e s i s t o r  embedded beneath the  mirror surface. Light from a l a 2  
is ref lected from the  mirror surface t o  a photoelectric ce l l .  Dew 
forming on the  mirror causes a change i n  l igh t  in tens i ty  on the 
photoelectric c e l l ,  The appearance of dew is thus detected by t h e  
photoelectric c e l l ,  which energizes an electronic relay tha t  
increases the  flow of heat t o  the  mirror t o  hold i t s  temperature 
a t  t he  dew ~ o i n t .  The mirror tempera%ure is measured by means of 
a thermocouple. 

The instruments described i n  references 1, 2, and 3 have two 
disadvantages : 

1. No method of compensation is  provided f o r  changes i n  
in tens i ty  of the l igh t  source, The photoelectric c e l l  i s  unable 
t o  distinguish a change i n  li&t intens i ty  caused by dew from a 
change caused by voltage f luctuat ions w lamp aging. Extremely 
close lamp voltage regulation is require& because the  illumination 
variea as the  t h i r d  or  higher power of the  filament voltage. 

Z.,Because heat originating i n  the  r e s i s to r  requires some time 
t o  reach the  mirror surface, the  surface may cool below t h e  dew point 
and accumulate excessive dew before the surf ace t emperatwe reaches 
t h e  dew point, Inasmuch as  the  large quantity of dew cannot evaporate 
as soon as the mirror surface reaches the  dew point, heat continues 
t o  flow from the r e s i s to r  and causes -the mirror temperatlare t o  over- 
shoot the dew polnt. The mirror temperature may thus cycle about the  
dew point f o r  a 5-minute period before equilibrium conditions a r e  
established, but t h i s  period of cycling is reduced by manually 
adJusting the current through the  heating r e s i s t o r  in order t o  supply 
most of the heat required a t  equilibrium. The determination of a 
se r i e s  of different  dew points is, however, troublesome because a new 
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adjustment then becomes necessary f o r  each substant ial  change i n  
dew point. These disaG.vantages were overcome by a continuous- 
indicating dew-point a e t e r  developed at the  NACA Cleveland la,bo- 
ratory,  In  t h i s  dew-point meter, a photoelectric bridge c i r c u i t  
is used tha t  compensates f o r  any changes ',n intensi ty  of the l igh t  
source. A high-frequency induction-heating system generates the 
necessary heat at the  mirror surface and reduces the t k e  required 
f o r  tlie mirror temperature t o  reach equilibrium a t  tlie dew point, 

An early model of the NACA dew-point meter was operated from 
a 29-valt direct-current source and u t i l i zed  the change i n  diffused 
ref lected l igh t  f r o a  the m i r ~ o r  t o  operate the ph~%oeiec t r ic  bridge, 
The present model is completely operated by a l te rna t ing  current and 
u t l l i z e s  the s p e c u l a r l ~  ref lected l igh t  from the mirror t o  operate 
t h e  bridge c i r cu i t .  

Tnis report describes i n  d e t a i l  the present NACA dew-point 
meter, the r e su l t s  of cal ibrat ion t e s t s ,  and the application of the 
e a r l l e r  meter t o  a f l i g h t  investigation of ice  formation i n  the  
inductian system of a mil i tary airplane. 

Principle of Operation 

A simplified schematic c i r cu i t  diagram of the  NACA dew-point 
ineter is shown i n  f ignre 1, Light from the  lamp is focused on 
mirrors 1 and 2 by means of lenses. The mirrors r e f l e c t  the l igh t  
beams t o  yhotoelectric c e l l s  1 and 2, which are  connected in  ser ies  
across a bat tery and form two arms of a bridge c i r c u i t ,  The bat tery 
i s  center-tapped t o  complete the bridge. The amount of l i gh t  s t r ik ing  
ahotoelectric c e l l  1 is adJusted by means 02 a shut te r  u n t i l  an equal 
amount of l i gh t  s t r ikes  each photoelectric c e l l .  The bridge is now 
i n  balance and no voltage appears across points A and B,  

Heat i s  conducted from mirror 2 by means of a copper rod immersed 
i n  a coolant. When the temperature of the mirror drop6 t o  the dew 
point, moisture condenses on the mirror surface and l e s s  l i gh t  s t r ikes  
photoelectric c e l l  2 than 1; the bridge Wcames unbalanced. A voltage 
occurs across points A and 3 and is impressed upon the grid of the 
vacum tube. The tube, i n  turn, causes high-freqilencg current t o  flow 
through the heater co i l .  The mirror surface i s  thus heated t o  the 
point where the moisture par t ly  evaporates. The r e f l ec t iv i ty  of the  
mirror i s  part ly  restored and the bridge tends t o  return t o  balance. 
The moisture does not en t i re ly  evaporate, but an equilibrium point is  
reached where the r e f l ec t iv i ty  of the  mirror is  just  suff ic ient  t o  



4 UACA TN No. 1215 

maintain the mirror temperature a t  the dew point. The temperature of 
the  mirror i s  measured by means of a themocouple connected t o  a 
potentiometer o r  any other sui table  indicating or recording instrument. 

I f  no current is d ram from the bridge i n  a c i r cu i t  of the type 
described and both photoelectric c e l l s  have ident ical  character ls t lcs  
it can be shown tha t  the volkage e across A and I3 w i l l  be given by 
the  equation 

where L1 and L2 are tho light i ~ t e n s i t i e s  on the two photoelectric 
c e l l s  and E i s  the t o t a l  b a t t ~ r y  voltage, The o z t ~ u t  voltage there- 
f o r e .  depends o n l j  upon the b a t z e r ~  w~'ltage and the  r a t i o  of l igh t  
in tens i t ies .  A n y  variation of li&t intensi ty  a t  the  lamp changes the 
l i g h t  intensi ty  on both ;?hotosiectric c e l l s  i n  the  same proportion and 
therefore leaves tlne r a t i o  of inkensitr",es a t  the c a l l s  u~~changed. The 
voltage across A and B is therefore not af'fected by changes i n  l i gh t  
in tens i ty  a t  the source. This 2ro2erty of the bridee c i r cu i t  serves 
t o  compensate f o r  fluctuations iil l m p  intensi ty .  

Complete Circuit  

A complete c i r cu i t  diagram of the NACA dew-point meter b u i l t  t o  
operate from the 11.5-volt, 60-cycle l i ne  is  shown i n  f igure  2. 

When the c i r cu i t  is being wired, the  instantaneous polar i t ies  
indicated by the + and - s i m e  5n f igure 2 mu-st be observed because 
alternating-current voltages a re  used throu&tout the c i r cu i t .  The 
absence of a r e c t i f i e r  an& a f i l t e r  leads t2 simplicity ir?, design of 
the  direct-couplea amplifier. The c i r cu i t  consis ts  of the following 
three .stages: (1) photoelectric c e l l  bridge and coupling tube; 
( 2 )  modulator stage; (3) osc i l la tor  stage. 

The photoelectric c e l l  bridge consists of t w o  925 photoelectric 
c e l l s  connected i n  ser ies  across a center-tapped transformer secondary, 
The output voltage of the bridge is  impressed on the plate  of a 
6J5 triode, which is connected a s  a combined inverted t r iode  and 
cathode follower 2nd which offers  very high impedance t o  the bridge 
c i r c u i t  but has low output impedcmce. The current drawn from the 
bridge is  therefore very ma11 and consequently the  effect  of varia- 
t i o n  i n  l igh t  intensi ty  at the source upon the output voltage of the 



brldge is very s l i g h t .  Exi3eriments with the  bridge showed t h a t  f o r  
a 50-percent change in  lamp in t ens i t y  the  change i n  unbalance voltage 
is  about 2 nercent when the  bridge is f a r  from balance and negl ig ible  
when the  bridge is near balance. 

A jack is provided i n  t h e  cathode c i r c u i t  of the  655 t r i ode  t o  
permit i n se r t i on  of a milliammeter t o  indlcate  bridge balance. I f  
c los ing the  normally open push-button switch i n  the  bridge c i r c u i t  
produces no change i n  the  milliammeter reading, the  bridge is  balanced: 

The output voltage of t he  6J5 t r i ~ d e  i s  taken from the  cathode 
and is applied t o  the  control  g r i d  of t he  modulator tube.  The modu- 
l a t o r  s tage  contains one 6AG7 vacuum tube, which i s  used as a high-gain 
ampl i f ier  f o r  the  output voltage of the  655. The g r i d  b ias  i s  var iable  
from LOO t o  111 v o l t s  by means of a rheosta t  potentiometer. The b ias  
may be manually increased t o  cut-off by t he  potentiome$er, which per- 
m i t s  maximum output of the  o s o i l l a t o r  and allows the  bridge t o  be 
balanced when t he  instrument is i n  operation.  The output of the  6AG7 
is fed  i n to  the  suppressor g r i d  of the  o s c i l l a t o r .  

The o s c i l l a t o r  stage contains one 802 vacuum tube i n  a conven- 
t i o n a l  Hart ley c i r c u i t .  A f ixed  tank condenser i s  used ~f such capac- 
i t y  t h a t  the  operating frequency is about 1 megacycle,. The amplitude 
o r  o s c i l l a t i o n  is control led  by the  po t en t i a l  of the  suppressor g r i d .  
The screen g r i d  of the  tube receives  i t s  po ten t ia l  from a f ixed source 
i n  s e r i e s  with a current  - l imi t ing r e s i s t o r .  

Constrdct ion 

The dew-point meter is assembled on a 14- by 10- by 3-inch base 
of 1/8-inch d ~ ~ r a l ~ m i n .  A photograph of t he  instrument with cover 
removed is  shown i n  f igure  3 .  A cover of sheet  metal is used. t o  
provlde o p t i c a l  and e l e c t r i c a l  shielding,  t o  yrotect  t h e  instyanent 
from mechanical &amage, and t o  protect  the  operating personnel from 
high voltage.  (see f i g .  4 . )  A hole i n  the  top  of t he  cover permits 
f i l l i n g  of the  coolant box with dry  i ce ,  r~h ich  is used t o  cool the  
mirror, without removal of t he  instrument cover. The arrangement of 
p a r t s  is shown i n  f igure  5 .  

Figure 6 shows an enlarged sec t ion  of  a port ion of the  coolant 
box acd accompanj-ing p a r t s .  The coolant box consis ts  of an inner 
copper box which is thermally insulated by an outar  d-ouble-walled 
box of pressed wood containing insu la t ion  between the  w a l l s .  A 
116-inch-diameter c q p e r  rod is pressed i n to  a hole i n  the  bottom of 
t h e  coprer box and extends through the  f ron t  of the insu la t ing  box, 
This rod cond-~cts  heat away from the  mirror .  
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The mirror is a 1 / 4 - l n ~ ~ ~ - d i m s t e r  aolished cap of 440 s t a i n l e s s  
s t e e l  pressed on the  end of t he  copper rod. Several  o ther  metals 
were t r i e d  as mirror ma . te r i a l s  but 440 s t a i n l e s s  s t e e l  was jirdgod 
t o  be the  be s t  of -the ru s t - r e s i s t i ng  ma-berials t e s t ed  because of i ts  
more rapid  response t o  induction heat ing,  The outside of the  cap is 
threaded and f i t t e d  with a ring of h e a t - r e s i s t m t  p l a s t i c  of 112-inch 
outs ide  diameter. The r i ng  extcnds from the o:xter w a l l  of the  c o o l a t  
box t o  within one-sixteenth inch of t he  mirror  surface. Ele induction 
h e a t l m  c o i l  is wou~cl around t he  outs ide  of t h i s  r ing .  The junction 
of a %-gage iron-constantan thermocouple is placed a tgu t  0,005 inch 
below the  mirror  surface In  a small l:ole d r i l l e d  p a r a l l e l  t o  the mirror 
su r face .  Tlle thermocouple leada terminate i n  a themocouple connector 
located at  -the back of t he  chamis .  A ??.astic block containing t he  
dew chamber is c lamp6 t o  the  ~ l a e t i c  ring; the  joint, 4 3  sealed by n 
pure gum rubber gasket .  

The dew chamber is a cav i ty  in  the  ~ l a s t l c  block t h a t  forms a 
small compartmeni a3out the  mirror  surface,  Tvo holes are i i r i l l ed  
through o!?posite s ides  of the  p l a s t i c  block t o  the dew chamber t o  
permit the  passage of' gas over t he  mirror.  The gas sample is  l e d  t o  
%nd from the  dev cilam'tser by p l a s t i c  tubing connected t o  f i t t i n g s  i n  
t he  back of tho  chass is .  The two opposite side6 of the  p l a s t i c  block 
not  containing holes f o r  gas passage are f i t t e d  with g l a s s  windows 
t o  permit a l i g h t  beam t o  be r e f l e c t ed  from the  mirror surface t o  a 
~ h o t o e l e c t r i c  c e l l .  

The o p t i c a l  system is  shown i n  f i gu re  5. The l i g h t  source I s  a 
25-cand.le~ower, concentrated filamerit lamp. The f l l a ~ e n t  of the lam;, 
is focused on tine mlrror ty l ens  1. The l i g h t  beam passes from the  
ml r rc r  at an  angle of aboat l Z 3  with the  surface and i s  condensed by 
l en s  2 onto p;lotoelectric c e l l  2 s3 as t o  cover a s  midch of the  cathode 
a s  poss ible .  Photoelect r ic  c e l l  1 is illuminated by r e f l e c t i n g  l i g h t  
t o  it through l en s  3 by means of a g lass  mirror .  

A screw (at r i g h t  angles t o  the  glanc of the  f i gu re )  i n  f r on t  of 
photoelect r ic  c e l l  1 passes through a threaaed hole i n  t h e  chass is  
and is  connected t o  a knob a t  one end of tho chassis  by a f i e x i b l e  
shaTt.  This device serves a s  a var iable  aper tdre  f o r  baiancii?g the  
photoelect r ic  c e l l  bridge.  

CALIBRATIOM AHD O ~ ~ T Z O I C J  'ITSTS 

Callbrat,  ion 

Below 32O F, water vapor may e x i s t  i n  equilibrium with e i t h e r  
Ice o r  supercooled w ~ t e r ,  The t e m ~ e r a t u r e  of siipercooled water i n  
equilibrium with vapor a t  any pressure is lower than the  temperature 
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of i ce  i n  equilibruim with vapor at  the  same pressure,  The equi-  
l ibrium temperature f o r  i c e  and vapor w i l l  be re fe r red  t o  as t he  
" f ros t  point .  " The equilibrium temgerature f o r  water and vapor 
w i l l  be re fe r red  t o  as the  "dew point." These equilibrium temper- 
a t c r e s  obtained from reference 4 a r e  shown i n  f igure  7 ,  

When the  dew-point meter is i n  operation, the deposit  on the  
mirror  may be considered t o  e x i s t  i n  equilibrium with t he  water 
vapor i n  the  gas passing over t h e  mirror.  The formation of super- 
cooled water on the  mirror therefore  m ~ u l t s  i n  a lower temperature 
indicat ion than does the  formation of i c e .  

Above 20' F, t he  NACA dew-point meter was ca l ib ra ted  by comparing 
i t s  readings with the  dew polnt  o r  f r o s t  point  of room air obtained 
with a wet- and dry-bulb psychrometer, Results  of t he  ca l ib ra t ion  a r e  
shown i n  t ab l e  1. 

TABU 1. - CALIBRATION TTSTS OF NACA 

temre ra tu re  
I I 

A simllar c a l i b r a t i o ~ i  below 20' F was impossible because a i r  
wi th  dew points  below 20' F w a s  not r ead i ly  avai lable  and becauss 
acctxrate determination of dew yo in t s  by the  wet- and dry-bulb method 
becomes increasingly d i f f i c u l t  a8 dew-point temperatures decrease. 



For  exanple, a t  a dew point  of -40' F it would be necessary t o  aeasure 
wet- and dry-bulb temperatures with an accuracy of about 0 .@lo F i n  
order  t o  determine t h e  dew point witn2n Lo F, The dew-point meter w a s  
therefore  ca l ib ra ted  i n  t h e  range from lo0 t o  -45' F by means of a 
mod2fication of t h e  apparatus described i n  reference 5. Figure 8 i s  
a. sche~mt  f c diagram of t h e  calLbration apparatus, 

A i r  f r o i  a compressed-alr scurce is f i l t e r e d  and then divlded 
i n t o  two par t s :  one par t  passes i n  succession through a copper co i l ,  
a Ni l l igan gas-washing b o t t l e  containing water, a b o t t l e  of wet sanrl, 
and a t rap,  a l l  of which a r e  corits2ne& i n  a water ba2h heid  3,t 

70' f lo F. 'CTallrer and Ernsf (yefsrence 6 )  f o~~r ld  t h a t  a similar1 
arrcngement proclucsd air  93 to %& percent sa turated.  The other  par t  
of t h e  a i r  is passed 1.n s u c c e s s f o ~ ~  thro-dgli a drying tower c~nto.intng 
s i l i c a  gel ,  a t r a p  cooled 5y dry  ice  m d  alcobol, and two drying 
towers con ta in i~ lg  act ivated elmxina and ~nh-~-drous magnes iu?~ perchlo - 
r a t e ,  respect ively .  

The wet and dyg air s t r e w  pass i n to  separate  pressure regula- 
t o r s ,  which con t ro l  t he  prwsuye drop across two. o r i f i c e s .  The two 
ai.r streams emerging Prom thasa cr2.f i ces  a r s  mixed t o  folm t h e  mixture 
used i n  ca l ib ra t ion .  The s i z e  of t h e  o r u i c e s  is varied t o  obtain 
required ca l l b r a t i on  points .  

A port ion of t he  mi-rture is  d r ~ m  i n t o  a dry pmp, >~hich  divldes 
t h e  mixture i n to  two par t s .  One par t  is passed through t h e  dew-point 
meter and t h e  other  through t w ~  absorption tubes con ta i l ing  anhydrous 
magnesium perchlorate and then through a wet-test  gas xe te r .  

The aT;erage vapor pressura of t h e  mixture is calcula ted f r ~ m  t n s  
weight of water 8,bsox-bed i n  t h e  tvo absorption tubes and t h e  t o t a l  
volume of a i r  reg i s te red  on t h e  wet-test  gas meter. The dew o t r r b  
and t h e  f r o s t  point  may be determined from t h e  vapor pressure by t he  
use  of t h e  t ab l e s  given i n  references 4 and 6. It i s  advisable t o  
have t 3e  wei&t of zbsorbed w a t s r  a s  high a s  pra,ct ical  i n  order -to 
obta in  high acctxracy i n  weighing. The a ix tu r e  i s  gum3ed through t h e  
absorptioa tubes r a the r  slowly (25  t o  50 l i t e r s / h r )  i n  order t o  insure 
complete absorption 02 t he  water, P rac t ica l ly  a l l  of t he  m0i.s-kure is  
absorbed i n  t he  f i r s t  tube. , 

The mixture from the  ca l i b r a t i on  q p a r a t u . ~  i s  pdz.$ed through t he  
dew-point m.ater at a r a t e  of 300 t o  400 m i l l i l i t e r s  per 1rlr11lte. The 
pressure drop across t he  instr-merit is noted and one-h.lf  of t h i s  
value is a:%dsd t o  t h e  m.~.~,n ha:c~~netr ic  p r n = ~ t - ~ i r a  3-v:?l.ng t : ie rim,: The 
SUQ of t:l ec ;. p~i. L ~ T - ~ J  .ir i;a.l:.:~;1 a s  I-%<+ p-9 c-;':;u.::.o 3.b t,.t!i+ ril-l-i:ibor an(!. is 
consider,e:'i tlo be the t c4:,til : > 7 - 3 ~  S U . ~ B  ?.;, c,A,~.;;: j .:3g f!.:~ ~c:??:~: pTegaiX_re, 
A p o t a n . t i o r ~ ~ t e 3 : ~ ~ t y ~ e  pyr'2xete.r: :.a useC t o  r ~ c o r d  t he  teu~yer.ature ind i -  
ca ted by t he  dew-point meter f cr ca l ib ra t ion ,  



NACA TX No, 1215 9 

The temperature is recorded f o r  2 t o  6 hours, the d e p d i q  
on the amount of moisture i n  the mixture. The temperature 1% then 
averaeed over t h i s  time. 

The constancy of the dew point of the mixture produced by t h i s  
apparatus could only be judged by the record given by the dew-point 
meter. The maximum t o t a l  var iat ion tha t  might be traced t o  varia- 
t i o n  i n  mixture composition d u r i q ~  cal ibrat ion a t  a point was 5' F 
at -45O F, A t  higher dew points, t h i s  maximum t o t a l  var iat ion was 
3' F, The maxinrm variat ion i n  average dew points, determined 
gravimetrically, of mixtures produced on different  days with the 
same o r i f i ces  was l.gO F. 

Results of the cal ibrat ion i n  the range 10° F t o  -4S0 F are  
shown i n  table  2.  %TO runs were made at  each t e s t  condition. Cali- 
bration r e su l t s  from table  1 and table  2 are shown i n  figure 9 .  

TABIJ3 2. - CALIBRATION 'JXSTS OF NACA DEW-POINT 

M!nxR IN RANGE lo0 F To -450 F 

Assuming the dew-point meter t o  indicate dew polnt above 3Z0 F 
and f r o s t  polnt below, the average accuracy of the instrument i s  
&lo F, Figure 9 shows er rors  exceeding the average accuracy o c c ~  rr ing 
i n  the range O0 t o  320 F. These e r rors  .may be explained by the f a c t  
t ha t  i n  t h i s  range supercooled water may frequently form on the mirror 
and remain f o r  long periods without freezing, This water causes an 
indication of dew point ra ther  than f r o s t  point. 21 the case of 
record 2 i n  table  2, the dew-point meter indicated dew point Per 
2 hours with a variation i n  the record of l e s s  than lo F. I n  [,he 
other 9 records, the f ros t  point was indicated, The instrument has 



been observed t o  indicate dev points at temperatures as  low as -30' F 
i n  some cases f o r  15-ninute periods before the indicated temperature 
r i s e s  t o  the f r o s t  point. During cal ibrat ion these periods of dew- 
point indication below 0' F were of such short  duration as  t o  have 
l i t t l e  e f fec t  on the mean recorded temperature. I n  r ~ o  case during 
cal ibrat ion was any special  precaution taken t o  insure indication of 
the f r o s t  point. 

When tlie indicated temperature is between 15' and -40' F, an 
indication of f r o s t  point is assured by closing the  push-button 
switch i n  the bridge c i rcu i t ,  thus shutting off' the  induction heating, 
u n t i l  the  indicated temperature drops t o  -40" F, and then ogening t a e  
switch. The indtcated temperature w i l l  then r i s e  above the f r o s t  
point, but w i l l  not r i s e  t o  32' F and w i l l  re turn t o  equilibrium at 
the  f r o s t  point. 

Frost-point indications are  then asswed by use of t h i s  technique 
unless the ind-lcated temgerature r i s e s  above 32" F o r  cnless the f r o s t  
~ o i n t  of the sample suddenly drops so low tha t  the ice  on the mirror 
i s  completely evaporated before Dhe mirror temperature can drop t o  
the  new f r o s t  point. Tile complete evaporation of ice  is  evidenced by 
the  current indication on tlie radio-frequencjr ammeter dropping t o  
zero. In  e i ther  case the yrocedure of closing the push button must 
be repeated i n  order t o  assure frost-point  indication. 

When indicated ternyeraturea between 15' and 32' F a re  approached 
from above, no method of assuring f r o s t  -point indication has been 
devised. Allowing the indicated teraperature t o  drop frgm tha t  range 
t o  -40" F causes an excessive deposlt on the mirror. Vhen the heat 
is  release6 the mirror tem3erature r i s e s  above 32' F and the ice  on 
the  mirror melts, I n  the range 15' t o  32" F, the  accuracy is  there- 
f o r e  uncertain by the amount of difference between the vapor-solid 
and va~or - l iqu id  equilibrium temperatures. This difference i s  a 
maxim~m of 2' a t  15' F. 

Speed of Response 

I n  order t o  check the s p e d  of response, the follow in^ procedure 
was ado?ted: A i r  from a com~ressed-air source was passed through a 
drying tower and two tubes which bypassed the drying tower. The 
resu l t ing  mixture of dried and u d r i e d  a i r  was then pessed t:irough 
the  dew-point meter. m e  dew point of the mfxtwe could be suddenly 
changed.3~ chtmglng the flow of air through the bypass tubes. The 
average time required f o r  the indicated tsmperature t o  come t o  equi- 
l i b r i m  a t  tile new value is given i n  tab le  3. 
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Ef'fect of Change i n  Operating Voltage 

The e f r e c t  of a change i n  operating voltage was studied by oper- 
a t i n g  t he  ins t ruaent  from a ~ s a ~ i a b l e  transformer, A i r  was passed 
through the  i n s t r ~ m e n t  t o  give an indfcated temperature of O0 F and 
the  operating voltage was var ied between 100 and 135 vo l t s .  A sudden 
change i n  operating voltage upset the  equilibrium c3nd caased 4.1~1nting; 
when e q ~ i l i b r i l m  %-as regained, however, t he  t o t a l  va r ia t ion  i n  ind i -  
cated temperature w a s  10 F, Af te r  a sudden change in  operating voltage 
o? 5 vo l t s ,  the  average time f o r  equilibrium t o  be recovered was  
1.1 seconds . 

APPLICATIOT\TS OF DD-POITIT l4YlTB TO ICING EEZARCH I N  FLIGET 

Induction System Ic ing  

During an  invest igat ion of i ce  f o r ~ a t i o n  i n  the  induction system 
of a m i l i t a r y .  a i rp lane  conducted at  the  NP-CA Cleveland laboratory,  it 
was necessary t o  know the  moisture content of the  a i r  a t  three  r o i n t s  
i n  t he  induct ion sgstem . An ea r l y  model or", the  d i r e c t  -current  oper- 
a t ed  dew-point meter was used f o r  t h i s  purl3ose. Tests  were conciicted 
on t he  ground and a t  a l t i t u d e s  up t o  10,000 f e e t ,  
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Figure 10 shows t he  dew-point meter i n s t a l l ed  i n  the  a i rp lane ,  
A system was so arranged t h a t  a sample could be drawn through t he  
dew-noint meter from any one of t he  th ree  s t a t i ons  where t he  moisture 
content was required. 

During ground t e s t s ,  the  dew point of air  entering t he  a i r  scoop 
could be determined by means of a s l i ng  psychrometer. Agreement 
between these  data  and dew-point-meter readings was  within about 
2O F. When no f r e e  water vas present, the  moisture content of t he  
air  passing through the  induction system did not change and a check 
on t he  precision of r e s u l t s  could thus be obtained. The moisture 
content of samples from the  three  s ta t ions ,  as computed from dew- 
point-meter readings and pressure measurements, generally agreed 
within about 3 percent. This precis ion was considered t o  be adequate. 

During the  t e s t s  water spray was so introduced in to  the  a i r  scoop 
t h a t  the  moisture content varied from s t a t i o n  t o  s t a t i on .  It w a s  found 
t h a t  the  dew point at aqr sampling s t a t i o n  could be determined i n  about 
30 seconds. The range of dew points  was 15O t o  SO0 F. 

Free -Water Content of A i r  

A method employing the  dew-point meter was devised f o r  obtaining 
t he  free-water content of air. A sample of t he  water-and-air mi.xtnre 
i s  col lected by a heated scoop t h a t  vaporizes the  f r e e  wa,ter, and the  
dew point  of the  resu l t ing  mixture is then measured. The dew point 
of t h e  a i r  alone is then obtained from a scoop t h a t  excludes f r e e  
water. From the  two dew points and tile pressures i n  the  dew chamber, 
t he  moisture content of the  a i r  may be calculated f o r  each case. The 
di f ference i n  moisture contents is the  amount of f r e e  water i n  t he  air. 

An attempt was made t o  use t h i s  method i n  f l i g h t  t e s t s  t o  de te r -  
mine the  ic ing charac te r i s t i cs  of the  i n l e t  screen of a jet-propulsion 
engine. It w a s  found necessary, however, t o  d i f f e r en t i a t e  more closely 
between moisture contents than the  accuracy of the  dew-point meter 
would permit, 

GXl!ERAL APPLICATIONS 

The dew-point meter is  of par t icular  use i n  measuring extremely 
low humidity, o r  humidity a t  low temperatures, where o ther  metnods 
bec~me slow and l e s s  r e l i ab l e .  I n  cases where humidity changes 
rapidly,  the  dew-point meter a l so  should be useful  i n  following t he  
rapid  f luctuat ions .  The thermocouple output may be used t o  operate 
some alarm o r  control  device f o r  the  purpsss of humidity control .  
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Some care should be devoted t o  obtaining a t rue  sample 03 a i r .  
When the  sample is at  a pressure below atmospheric, the  sampling 
system must, of course, be f r e e  from leaks .  Should the  sampling 
l i n e  pass through regions where the  ambient temperature is  below 
the  dew point of the  sample, the  l i n e  must be heated t o  avoid con- 
densation i n  the  l i n e .  The amount of rubber o r  p l a s t i c  tubing used 
i n  the  sampling l i n e  should be kept a t  a minimum because some of 

' t h e s e  mater ia ls  absorb water at  high humidities and then 'elease it 
a t  low humid.it 5 e s  . A flow of sample through the  dew chamber should 
be maintained; otherru.isu, t he  moisture condensing on the  mirror 
lowers t he  des? point of the  sample so t h a t  a f a l s e  reading is 
obtained. I n  ca l ib ra t ion  a flow of 300 t o  400 m i l l i l i t e r s  per  minute 
w a s  found t o  be sufficient , .  

DISCUSSIOM 

Although the  dew-~oint  meter has been successfully applied i n  
some cases, it i s  s t i l l  i n  t he  experjmental stage.  It is  pa r t i cu l a r l y  
des i rable  t o  prevent the  formation of supercooled water on t he  mirror 
so t h a t  no manual manipulation of controls  would be required t o  insure 
measurement 02 t n t  f r o s t  ~ o i n t  at temperatures below 32O F. 

By a change of mechanical design, it should be possible t o  dbta in  
su f f i c i en t  cooling with dry i ce  t o  extend the  lower operating l i m i t .  
It is a l so  en t i r e ly  possible t h a t  t he  cooling could be done by mechan- 
i c a l  re f r igera t ion ,  although t h i s  method would involve, a considerable 
increase i n  bulk,  Modification of the  mechanical design t o  f a c i l i t a t e  
observation and cleaning of the  mirror surface is  a i so  desi rable .  

The dew-point meter developed by the  NACA has two advantages over 
prsviously developed instruments of t h i s  type: (1) The use of the  
photoelectric-bridge c i r c u i t  g rea t ly  reduces the  e f f e c t  of var ia t ion  
of l ight-source in tens i ty  and has made close regulation of t he  oper- 
a t i n g  voltage unnecessary; ( 2 )  the  use of induction heating improves 
the  s t a b i l i t y  and response and thus  increases the  .usefulness of the  
instrument. , Laboratory and f l i g h t  t e s t s  have shown t h a t  the  use of 
induction heating permits measureme+ of rapidly  changing dew points, 
which a r e  varied by a r t i f i c i a l  means, as we11 a8 ~ e a s u r e m e n t o f  
atmospheric dew points which u sua l . 1~  vary slowly. 

From records over long periods cjf time on air of f a i r l y  constant 
hmid f ty ,  ca l ib ra t ion  data  have been obtained t h ~ t  ahow an average 
accuracy of .&lo F; but i n  the  range GD t o  3Z0 F, the  e r r o r  was f r e -  
quently g rea te r  than average. This e r r o r  w a s  caused by supercooled 



water forming on t he  mirror and remaining f o r  long periods without 
f reezing.  Although below 00 F t h e  p robab i l i ty  of supercooled water 
remaining on the  mirror f o r  extended periods without f reez ing  appears 
t o  be s l i g h t ,  the  pos s ib i l i t y  of i ts  forming a t  any temperature below 
320 F is recognized. Therefore, unless  precautionary measures a r e  
taken t o  insure the  formation of i c e  on the  mirror, t he  accuracy of 
t he  instrument below 32' F is  uncer ta in  by the  di f ference i n  vapor- 
s o l i d  and vapor-liquid equilibrium temperatures. Tnis uncer ta inty  is 
espec ia l ly  noticeable when t he  equilibrium temperature is approached 
from above and observed only b r i e f l y .  I n  t he  range 15O t o  32O F, no 
method of assur ing f ros t -po in t  indicat ions  has been discovered. Thus, 
an  accuracy of f lo F appears t o  be obtainable everywhere except i n  the  
range from l5O t o  25O F. 

A i r c r a f t  Engine Research Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Cleveland, Ohio, October 22, 1946. 
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0-3 r a d i o - f  requency 
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R e f l e c t e d  l i g h t  

NATIONAL ADV I SORY 
COMMITTEE FOR AERONAUTICS 

F i g u r e  2. - C o m p l e t e  c i r c u i t  d i a g r a m  o f  N A C A  d e w - p o i n t  m e t e r  
f o r  1 1 5 - v o l t  a l t e r n a t  i n g - c u r r e n t  o p e r a t  i on .  T h e  r e s i s t o r  R 
m u s t  be c h o s e n  t o  p r o v i d e  100 v o l t s  a c r o s s  t r a n s f o r m e r  
w i n d i n g .  The v a l u e  shown o f  5000  ohms i s  f o r  a U T C  V a r i -  
m a t c h  Type VM-0. The  l i n e  p l u g  m u s t  b e  r e v e r s e d  b e f o r e  
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F i g u r e  6 .  - E n l a r g e d  s e c t i o n  o f  a p o r t i o n  o f  c o o l a n t  b o x  
and accompany i n g  p a r t s .  
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-40 -10 O 10 20 
Temperature, 9' 

Figure 7. - Temperature of ice and suMsrcooled water in equilibrium with 
water vapor, (Data from reference 4) 
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Figure 9.  - Calibration of NACA dew-point meter. 
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