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Pressure-Humidity Apparatus 1 

Arnold Wexler and Raymond D. Daniels[ II. 

An apparatus for producing atmospheres of known relative humidity, based on t he 
"two-pressure principle", is described. It has a working space (test chamber) of 1 cubic 
foot, in which t he relative humidi ty may be varied and con trolled from 10 to 98 percent, the 
temperature from - 40 0 to + 40 0 C, the a ir flow up to 150 liters per minu te, and t he test
chamber pressure from 7~ to 2 atmospheres. The humidi ty in the test chamber may be set 
and maintained to an accuracy of at least 7f of I-percent relative humidity. 

1. Introduction 

The pressure-humidi ty equipmen t is a labora tory 
apparatu for producing atmospheres of known re
lative humidi ty by control of the pressure in the test 
chamber of air saturated at a higher pressure. As 
this appftra tus was developed primarily for hy
grometer research and calibration, especially on 
electric hygrometer elemen ts, which, during usc, are 
subjected to a wide temperature range, it was essential 
that the temperature of the working space should be 
adequately co ntrolled and maintained at any desired 
value from - 40 0 to + 40 0 C. Futhermore, it was 
d esirable that any relative humidity, from 10 to 98 
percen t, should be conv eniently produced and that a 
change could be made rapidly from anyone value of 
relative humidi ty to any other value. Finally, it 
was also desjrable to have a means of varying the rate 
of air flow through the working space, selected to 
have a volume of about 1 W. 

An apparatus has been developed that successfully 
m eets the above requirements. I t operates on what 
may be called the "two-pressure principle." Basi
cally, the method, shown in elemental schematic form 
in figure 1, involves satura ting air, or any gas, with 
water vapor at a high pressure and then expanding 
the gas to a lower pressure. If the temperature is 
held constan t during satura tion and upon expansion, 
and the perfect gas laws are assumed to be obeyed, 
then the relative humidi ty, RH, at the lower pressure, 
P t , will b e tho ratio of the absolute values of the 
lower pressure, P t , to the higher pressure, Ps , that is, 
RH= 100 X Pt/Ps . 

·Water vapor-air mixtures depart from ideal gas 
b ehavior, so that the simple pressure ratio does not 
stricldy define the relative humidity . ·Weaver 2 3 

h as shown that an empirical equation of the form 

where the constant K has a value of 0.00017 when 
t he pressure is expressed in pounds per square inch, 
more closely yields the true relative humidity. The 
magnitude of the correction introduced by the term 

1 The development of thi s apparatus was sPQnsored by the Aerology Branch 
of the B ureau of Aer()nauti~ . 

, E. R. Weavcr, and R. Ri ley • .T . Research N B S 4 0 , I f>9 (1948) RPIR65. 
, E . R . Wea vOI', A nal. Chem. 23, 1076 (l95l). 

(I - KP t )/(l-KPs ) is shown in table 1 for the 
applicable range of test-chamber pressures (Yz to 2 
atm) and relative humidities (10 to 100%). With at
mospheric pressure in the test chamber the maximum 
error does no t exceed % of I-percen t relative 
humidi ty and hence, for mo t work, may be neglected. 
Even at a test-chamber pressure of 2 atm , the 
maximum error is less than 0.5-percentrelative humid
ity. For very precise work, it is preferable to use 
the empirical equation. 

TABLE 1. ETr01' due to nonideal behavio1" of wate1"-vap01'- air 
mixtu1"es 

Rel!1U VA humidity, percent 

Test· 

I I I I I chamber 100 80 60 40 20 10 
pressure 

Error in relative hu midity, percent 
---
at.R atm 

~2 0 0.02 0. 05 O. O~ 0. 10 O.ll 
1 0 .05 .10 .15 .20 .23 
2 0 . 10 .20 .30 .41 . 47 

The pressure method was developed by Weaver 
and Riley (see footno te 2) for the calibration of 
electrically conducting hygroscopic films used in the 
measurement of water vapor in gases. Their equip
ment was designed for low rates of gas flow and was 
used under ambient room-temperature condi tions. 
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FIGURE 1. Simplified schematic drawing of the principle of 
operation of the pressure-humidity apparatus. 

A, bigh-pressure air source; 13, pressure regulator; C, satut.'fltor; D , pressure 
gage; E, expansion valve; F, test cbamber; 0, pressure gage; H, exhaust valve; 
I. atmosphere or vacunm source; J, constant-temperature bath. 
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Theil' satura tor was a small cylinder, containing 
water and filled with fragments of pumice or stream
washed gravel through which the gas could be 
bubbled under pressure. 

2. Description of Apparatus 

The apparatus is shown in block diagram in figure 
2 and sch ematically in figure 3. It consists, essen
tially, of the following functional componcnts, through 
which air flows continuously: A high-pressure ail' 
source, a low-temp erature drying system , a filtering 
system , a warm-up unit, a pressure r egulator, a 
humidifying system , an expansion valve, a test 
chamber , and an exhaust control sys tem . 

Ail' is supplied from a 250-psig reciprocating 
compressor, Al, figure 3, capable of delivering 5 
ft3/min of free air at room temperature. This air 
is fil tered (A2) to remove pipe scale, dir t, dust, or 
other solid material , and is then introduced into the 
drying system (fig. 4) . 

Water from the air at the supply pressure is 
removed by freezing in a train of four drying unit's 
immersed in a bath, D, containing a mixture of dry 
ice and Stoddard solvent. The first two units, A4 
and A5, are large-capacity centrifugal water sep
arators. These are followed by a copper coil, A6, 
and a baffle dryer, A7. Particles of snow or ice and 
droplets of oil (from the compressor) are caught by 
a filter, AS, which is maintained immersed in the 
same low-temperature bath, D. 

The air emerges from the dryer at about - 78 0 C. 
It is then heated in the warm-up uni t to a tempera
ture somewhat greater than that being maintained 
in the thermostatted liquid bath, B. The warm-up 
unit consists of an electric heater, A9, that is con
t rolled by a thermoregulator, AlO. Two pressure 
regulators, Al3, and Al4, in series reduce the pres
sure and maintain it. constant in the hymidifying 
ystem . 

Saturation is accomplish ed in four stages. The 
air is first passed through the external gross sa tura
tor, Al5, which is k ep t at a higher temperature than 
the bath, B, and then through th e three bath satu
rators, AlS, A20, and A22. The gross saturator, 
because of its higher temperature, introduces water 
vapor in excess of that required for complete satura
tion at bath temperature. The combination of 

heat exchangers A17, Al9, and A2l and centrigfugal 
sa turators AlB, A20, and A22 precipitates this excess 
water vapor so that just complete saturation is 
obtain ed in the final saturator , A 22. The bath 
saturators and heat exchangers are shown in figure 5. 

The saturators are simple in design and function 
equally well below as well as above the freczing 
point of water. They are similar to a type pre
viously used 4 with considerable success . Each 
saturator consists of a cylinder to which water is 
added to a convenient depth. Air is discharged 
through a nozzle into the chamber above the water 
surface and tangential to the vertical walls and is 
exhausted tln'ough a central port in the top. The 
centrifugal force creates a whirlpool action that 
thoroughly mixes the water vapor with air. Spray 
and liquid water are forced to the walls by cen trif
ugal force, so there is little tendency for liquid water 
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FIGURE 3. S chemati c flow di agram of the pressure-humidity 
apparatus. 

A1, high-pressure source; A2, filter; A 3, valve; A4 , cent rifugal water separator; 
A 5, centrifu gal wa ter separa tor; AG, copper cooling coil; A7, fin air dryer ; A8, 
IOIV-temrerature fil ter; A9, electric heater; AIO, bimetal thermoregulator ; All , 
air reversal valve; A12, sbu t·ofi' valve; A13, pressure regula tor ; A14, pressure rc~u
lator; A15, external gross saturator ; AIG, resistan ce thermom eter and indicator; 
AI7, 19, 21, 25, copper coil heat exchangers; AI8, 20, 22, cent rifugal saturators; 
A23, 27, pressure gages; A24 , expansion valve; A26, test chamber; A28, linear 
Oowmeter; A29, exhaust con trol valve; B , insulated liquid (Stodda rd solvent, 
constan t -tem perature ba th ; D, insula ted dry-ice bath ; HI, bimeta l t hermoregu
lator; H 2, eJectric heater ; H3, input voltage; rrl, Stodda rd solven t cooling coil ; 
'1'2, positive rota ry displacemen t pump; '1'3, motor; '1'4 , Stoddard solvent bypass 
val ve; T 5, Stoddard solvent cont rol valve; 'f6, centrifugal stirrer ; T7, constan t 
electric heater; T 8, intermitten t elect ric heater; T9, 10, t hermistors; VI, vacuu m 
source; V2, vacuum shu t-off valve. 

F rn nm 2. Block diagram of .the pressure-humidity appamtus. • Arnold Wexler, J . Research N llS'45, 357 (1950) RP2145. 
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F IGUR E 5. Bath sattlmtors, heat exchangers, and test chainber. 

to emerge through the exit port. A multilayer fine
wire screen baffle is used at the exit as a further guard 
against the escape of liquid water. As air does not 
bubble through the water but only passes over its 
exposed surface, the water may be frozen without 
impairing the functioning of the saturator. 

Upon emerging from the final saturator, A 22, 
the pressure of the air is reduced by expansion 
valve A24. Because a temp erature drop may occur 
in the air at the expansion valve, a final heat ex
changer , A25, is provided for bringing the air to 
bath temperature before it enters the test chamber , 
A 26. 

The working sp ace, A 26, is a cylindrical chamber 
having a nominal volume oJ 1 It3. I t is shown with 
the covel' removed in fi gure 6. Tubular outlets 
extend from the chamber to allow electric leads to 
be brough t in and ou t of the worl;;:ing space. The 
air discharges from the chamber into a linear flow
meter, A28, and then through an exh aust con trol 
valve , A29, into a vacuum source or simplY"into 

FIGU RE 6. Test chamber 'U'ith cover re moved. 
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FIGUR E 7. T emperature control circuit. 

F 

T , 'rhermistor; R, precisionbelical rheostat; n, 22J-i·v bat tery; S, ba iteryswitch; 
A, microammeter; 0 , y.? a galvanometer relay; P, inpu t from pulsing circuit; F, 
fuse; J , power relay; E, input voltage for power relay coil ; IT, in termittent bath 
heater; V, input voltage for intermitten t heater; L, pilot lamp. 

the room air. The chamber is suspended from a 
counterweight system so tha t it can be easily raised 
above or immersed into the liquid bath , B . A length 
of flexible metal hose, between the test chamber, 
A26, and the final heat exchanger , A25, permits the 
test chamber to have the required motion. 

The .satmation pressure, P s, is measm ed in the 
final satmator, A22, by gage A23, and the test 
pressure is measured in the tes t cham bel' by gage A27. 
These measurements are made with high-preci ion 
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laboratory test gages that have been calibrated 
against the National Bureau of Standards pressure 
standards. For atmospheric or reduced pressures, 
a high-quality calibrated aneroid barometer is used. 
From atmospheric pressure up to 2 atm, a mer
curial manometer is employed. The higher pressures 
are determined with either a 0- to 50-psig or a 0- to 
200-psig Bourdon tube gage. 

The temperature of the liquid bath, B , can be 
adjusted to and closely regulated at any temperature 
from - 400 to + 40 0 C by a simple on-off thermo
statting system . Stoddard solvent, which is used as 
the bath liquid so that low temperatures may be 
attained, is actively agitated by a centrifugal stirrer, 
T6, and is circulated from the bath, B, by a positive 
rotary displacement pump, T2 , through a copper 
coil, Tl , immersed in a mixture of dry ice and 
Stoddard solvent in bath D and back into bath R. 
By proper manual setting of a bypass valve, T4. , 
and a control valve, T5 , the rate of Stoddard solvent 
flow is adjusted so that the bath B tends to cool 
slightly. The desired bath temperature is estab
lished by resistances (coupled helical preCISIOn 
rheostats), R, in a Wheatstone bridge circuit, figure 7. 
Thermistors, T, with temperature coefficients of 4 
percent/deg C, are employed as the temperature
sensitive elements. Any cooling disturbs the bridge 
balance, which is sensed by a galvanometer relay, 
G. A current of 7f ILa deflects the galvanometer 
pointer against a magnetic contact, actuating a 
power relay, P , and, in turn, intermittent bath 
heater, Fl. The operation of an electromagnetic 
plunger returns the pointer to a sensing position. 
If the bridge is unbalanced, the pointer will deflect 
and again throw on the heater; if the bridge is in 
balance, the pointer will remain in a null position. 
An electronic pulsing circuit, P, periodically triggers 
the plunger so that the pointer may sense the bridge 
balance. 

3. Operation of Apparatus 

The method of operation of this equipment is 
simple. The instrument, material, or device under 
investigation is inserted into the test chamber, the 
latter closed and immersed into the liquid bath. 
Distilled water is added to each saturator to an 
appropriate depth. Solid carbon dioxide is then 
added to the dry-ice bath, D . The temperature of 
the liquid bath is brought to and maintained at the 
desired value. Air from the high-pressure source is 
allowed to pass through the apparatus and the 
pressures in the saturators and test chamber adjusted 
to give any preselected relative humidity. The 
thermoregulator controlling the temperature of the 
air passing through the warm-up unit is set to main
tain a temperature in the external saturator several 
degrees higher than in the liquid bath . When ther
mal equilibrium had been @stablished in the com
ponents in the liquid bath , the pressure ratio indi
cates the correct relative humidity in the t,est cham
ber. Changing the relative humidity primarily 
involves adjusting the pressure regulators so that 

they will maintain a new pressure in the saturators. 
To maintain a constant air flow, a minor adjustment 
of the expansion valve is also made. 

When atmospheric pressure is desired in the test 
chamber, the air emerging from the chamber is 
allowed to exhaust directly into the room. Elevated 
pressures in the chamber are obtained by throttling 
the flow from the chamber by means of the exhaust 
control valve, A29, figure 3. Reduced pressures in 
the chamber are achieved by attaching a vacuum 
source to the exhaust control valve and adjusting 
the valve to give the required reduced pressure. 

In operating below freezing, one precaution must 
be observed. The level of the water in each satura
tor must be kept below the inlet nozzle, otherwise, 
on freezing, the opening will be sealed by ice. 

The equipment may be operated continuously for 
8 to 16 hI', after which the accumulated waLer in 
the dryer should be removed. Failure to do so may 
result in clogging of the dryer by ice and the reduc
tion, or even complete stoppage, of ail' flow. 

The removal of water from the dryer is accom
plished in two steps. First the dry ice bath is 
raised to room temperature by a thermostat, Hi, 
and heater, H2. Then suction is applied by vacuum 
source VI and room air drawn through the reversal 
valve, All, and dryer until all the water has been 
evaporated. Overnight operation usually suffices to 
remove most of the water. 

4. Performance and Accuracy 
The psychrometric and dew-point methods of 

humidity measurement were used independently to 
evaluate the accuracy of the humidity produced by 
the equipment. A thermocouple wet-and-dry-bulb 
hygrometer was employed over a wide Tange of 
relative humidities and at temperatures from 00 to 
300 C. A dew-point instrument having a thermo
couple embedded just below the surface of a small 
(X in. in diameter) mirror for temperature measure
m ent, manually controlled heating and cooling of the 
mirror, and visual observation throug·h a telescope 
for dew and frost detection , was constructed and 
used to measure dew points from room temperature 
down to - 27 0 C. A series of experiments was made 
in which the relative humidity measured by the 
above two methods was compared with the relative 
humidity given by the ratio of the test-chamber 
pressure to the saturator pressure. The results are 
shown in table 2. The average difference in per
centage of relative humidity between the psychro
metrically determined values and the apparatus 
values given by the pressure ratio is ± 0.4 percent, 
and the average difference in percentage of relative 
humidity between the value determined by dew
point measurement, and the apparatus value given 
by the pressure ratio is ± 0.6 percent. Similarly, 
the algebraic average differences are - 0.2 and 0.0 
respectively. It may be assumed that as there is 
no marked tendency for the differences to be ei ther 
positive or negative, the air passing through the 
saturators emerges neither supersaturated or under
saturated. 
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T ABLE 2. Swnmal'Y of ca libration 

I Difference in rcla-
RC'lative humid ity Live humidity 

N ominal 
ambient 

ba Lh 
temper
ature 

R elative between pressure-
humidity measured by- humiditvappa-
produced ratus nnd-
by pres· __________ . _ __ _ Date o[ 

r un 

midity Dcw- Dcw- Psychro-slJrf'-ilu- I I 
fl p panltus po int Psychrometer pOi nt metric 

hYfTorn- measure- measure-
etcl' I mont I Jllent 

------------
o C 

3- 28- 51 23. 5 

3-28-51 9.7 

3- 2S- 51 30.4 

4-6-51 

4-16- 51 

4-18-51 

4-19-51 

4-24- 51 

4-25-51 

" ' 1 

6 0 1 

6. 0 1 
- 4. 8 { 

- 9. 6 { 

-19. 8 1 

% % 
00. 1 
00. 1 
81.6 
74 . 4 
59. f; 
50. 1 
~8.0 
25. 1 

92. 9 
79.8 
61.0 
49 . .1 
37.2 
24 .6 

92. 6 
78. ~ 
59. G 
49.2 
37. 0 
24 . 9 

97. 9 96. 7 
88.8 8~. 7 
77 . () 75.9 
77. 4 71.9 
54. ~ 5f), 4 
3~. 9 37. 3 
23. 0 23.9 

00. 9 97.0 
90. 6 92. I 
77.0 78. 6 
57. 7 58.5 
42. 7 42. 9 

96. 2 96.3 
53. 9 M. 7 
36. 6 36. 6 
28. 3 28. 4 
23.2 23.1 

90. 8 97.1 
86. 0 86. 7 
74.7 74.7 

76. 4 75. 9 
68.3 6~. 2 
M. l 53. 5 

00.3 95.6 
88. 0 89. 1 
78. 7 7~. 2 
66. 1 6.1.0 
56.7 5.1.6 

% % % 
96. 2 - 0. 1 
91.1 - 1.0 
82.3 - 0. 7 
75. 2 -.8 
59. 7 -. 1 
50. 5 - .4 
38.4 -. 4 
25. 4 - . 3 

92.4 +.5 
79.8 . 0 
61. 0 . 0 
49.3 +. 2 
37.0 +.2 
24 .2 +. 4 

92. 9 -.3 
78.6 -.3 
59. 7 -. 1 
49.4 - .2 
17.2 - .2 
24. 8 +. 1 

+ 1. 2 
+ 0. 1 
+ 1.7 
- 0.5 
-. 6 
- . 4 
-.9 

96. 9 - .1 0. 0 
91.4 - 1. 5 -.8 
78.5 -0. 7 -. 6 
58. 2 - . 8 -.5 
42. 6 -.2 + . 1 

94.7 -. 1 + 1.5 
53. 8 -.8 + 0. 1 
36. 7 . 0 -. 1 
2~. 8 -. 1 -. 5 
23.5 +. 1 -.3 

- . ~ 
-. 7 

. 0 

+.5 
+. 1 
+.6 

+. 7 
- 1.1 
+0.5 
+ 1. 4 
+ 1.1 

- - .- ---
Arith m etic 

avg ____ ___ ± 0.6 ± 0. 4 
Al geb r a ic 

avg ____ ___ .0 - . 2 

The relative-humidi ty range obtainable is limited 
by the range of ratios of test-chamber 'pressure to 
satura tor pressure. Th e maximum saturator pres
sure that can be employetl with this apparatus is 
about 150 psi. W'hen the test chamber is maintained 
at its mn,ximum pressure (about 2 atm), the mini
mum relative humidity is about 20 percent. At 

solvent). Ho\vever , by substituting water for Stod
dard solvent as the bath liquid , the upper end of 
the temperature range may be extend ed to about 
90 0 ,C. 

The aeeuracv with which any desired relative 
humidi ty may' be established is ' a function of the 
uniformi ty of temperature in th e apparatus, par
ticul arly in the final saturator and the test chamber. 
The relat ive humidity in the test chamber will be 
equ al to the pressure ratio of th e test chamber to 
final saturator only if these two units are at the 
same temperature. The distribu tion of temperature 
within the saturators, test chamber, and surrounding 
liquid bath was explored by means of thermocouples, 
located at the inlet" outlet , and in the water of each 
saturator, near the fron t and rear of the test chamber, 
and at four separate points within th e liquid of the 
bath. As an indication of the variations in temper
ature that may exist in the apparatus, data arc 
presented in table 3 of the average temperatures 
at various locations for three 2-houl' runs at different, 
ambient temperatures. It may be seen that the dif
eren tials a rc of minor magni t. ude, especially between 
the final bath satura tor a nd the test chamber. 

TAB LJoJ 3. T empel'alw'e di stl'ibuli on 

Locaiion Temperature 

Initial bath sat urator : o C o C o C 
Air in let.. ______________________________ __ 9. 55 23. 33 30. 24 
Air outleL _________________________ . ___ __ 9.57 23. 30 30. 25 
W ater ___________________________________ _ 9. 66 23.29 30.30 

Intermedia te bath saturator : 
A il' inl et.. _______________________________ _ 9.63 23.35 30. 45 
A ir 0 u tlet. _______________________________ _ 9. 65 23 . 36 30.4'1 
' Vatcr ____________________ .. _._. _______ ._ 9.63 23.29 30.39 

Final bath satu rator : Ail' inlct _________________________________ _ 9. 64 23.39 30. 48 
Ail' olltlet. _____________ . _________________ _ 9.65 23. 40 30. 4'j 
W ater ___________________________________ _ 9.66 23.36 30. 43 

Test e1mm ber: 
]i'ront __________________ __________________ _ 9.64 23.35 30. 40 
Rcar __________________________ __ _________ _ 9.61 23. 35 30.37 

Bath : 
Sid e of tes t cha mbe r ___________ _________ __ 9.64 23.38 30. 40 
E xpans ion val ve ___________________ . _____ _ 9. 64 23.39 30.40 
Hea l' of tes t cha mber _____ _______________ _ 9. 61 23. 39 30.39 
Bottom __ ________________________________ _ 9.58 23.38 30.39 

The constancy of bath temperat.ure is of impor
tance, for quite often materials or hygrometers under 
investigation ar e temperature dependent. The con
trol system has effectively regulated the bat.h at 
temperatures from - 40° to + 40° C. For periods 
of time of 2 to 5 hours, average flu ctuations of 
0.02 to 0.05 d e~~ . have been observed. 

5 . Discussion 

atmospheric pressure, a relative humidity as low This equipment has been used successfully for 
as 10 percent is r eadily produced, and at a reduced calibration testing and research. The working space 
pressure of Jf atm, the minimum relative humidity of 1 fV is ample for most instruments, materials, 
decreases to 5 percent. and devices that have to be completely immersed 

The temperature range of th e equipmen t extends in an atmosphere of known relative lmmidity. There 
from -40° to + 40° C. The upper end is limited is no theoretical limitation on the size of the test 
by the flash point of the bath liquid (Stoddard cham her that may be employed with this type of 
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equipment ; a larger sized chamber would simply 
require a larger surrounding liquid bath. Neither 
is there any limitation on th e geometry of the test 
chamber. A cylinder ,,"as chosen in this case for 
ease of construction , bu t any other space configura
tion can be substituted. Even in the present design, 
the cylindrical test ch amber can be uncoupled from 
the setup , and, within the limitation of the available 
bath space, any other size, shape, 01' design of 
chamber can b e attached. 

Occasionally air of known or preestablished dew 
point is required at a place or instrument remote 
from the test chamber. The desired dew poin t 
can be readily produced by the apparatus, and all 
or part of the air from t he test chamber can be 
piped wherever needed. The only limiting factor 
involves the temperature of the ambient air, wbich 
must not drop below the dew point of the air flowing 
through the transmission tubing, because condensa
t ion may occur in the lines. 

The range of relative humidities obtainable with 
this type of equipment may be extended to much 
lower values by using a higher pressure source. A 
250-psig compressor, operating between 150 to 200 
psig, is used in the present design and prov ides 
relative humidi ties that are sufficientlv low for most 
purposes. Much higher pressures wo~ld necessitate 
components capable of withstanding those high 
pressures . Similarly, for flows in excess of 5 ft3 /min, 
a compressor having a lar-g'er volume capacity would 
be required. 

The rapidity with which the relative humidi ty 
may be changed depends primarily on the time in
volved in adjusting the pressure regulator, which 
con trols the satura tion pressure. .Minor adju st
ments of the expans ion valve and the exhaust con
t rol valve may be required after the major pressure 
adjustment has been made. These operations can 

.. '.4 

easily be executed within 30 sec. At 10"- rates of 
flow, the limiting factor ceases to be the time re
quired for performing t he a bove mechanical opera
tions and becomes, instead , the t im e involved in 
purging ail' of one relative humidity, with air of 
another relative humidi ty. The componen t with 
th e maximum air volume is the test chamber . It 
has a spacc of about 1 ft3, so that the pmging time 
depends upon the rate of air flow through this I-ft3 
volume. 

6. Summary 

An apparatu s of versat ili ty and conven ience for 
producing atmospheres of known rela tive humidi ty 
has been developed and constructed at the Bureau. 
It operates on the "two-pressure principle," whereby 
air is saturated at a high pressure and expanded to a 
lower pressure, the rela tive humidity at the lower 
pressure being the ratio of the lower to higher pres
sure, provided the operation is performed at con
stant temperature. 

Important parameters can be varied and con trolled 
over wide ranges : r elative humidi.ty from 10 to 98 
pcrcent ; temperature from - 40 0 to + 40 0 C; flow 
up to 150 liters/min; test-chamber pressure from }~ 
to 2 atm. The rela tive humidity can easily be 
changed from one value to another within 30 sec. 

Indepcnden t checks on the accuracy of the rela
tive-humidi ty production with the psychrometri c 
and dew-point methods have yielded average agree
ments of ± 0.4 to ± 0.6 percen t. As the latter 
methods of measurement are probabl.'- no more 
accurate than about ± 0.5 percen t, i t is reasonable 
to assume that the a pparatus produces relative 
humiditi es that are known to at least ± 0.5-percent 
relat ive humidity. 

W ASHIN GTON, D ecember 12, 195] 
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