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A new humidity calibration facility which uses the two-press ure princ iple for gene rating gas of known 
humidity has been developed at NBS for calibrating and testing hygrometers. The relat ive humidity range of the 
two-pressure humidit y generator is 3 to 98 percent for ambient temperatures - 60 ° to 80 °C and test chamber 
pressu res 5 to 200 kPa (abso lut e) . This is equival ent to a nomina l dew/ frost poi nt range of - 80 ° to 80°C. 
Intercomparison tests were made with the NBS standard grav imetri c hygrometer over a portion of the generator's 
opera tin g range. The estimated maximum uncert aint y (three standard deviations) is 0 .2 percent RH for tempera
tures 0 ° to 80 °C which in units of dew point corresponds to an estimated max imum uncerta int y of 0.04 °C for dew 
points - 35 ° to 80°C. 
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1. Introduction 

The National Bureau of Standards develops, mai ntains, 
and disseminates the s tandards for the humidity measure
ment system in the United States of Ame ri ca. A gravimetric 
hygrome te r serves as the primary standard [1]t. Two prec i
s ion humidity generators [2 , 3] are used as the principal 
faci liti es for calibratin g transfer and seco ndary s tand ard s, 
and for testing and evaluating hygrometers and sensors. One 
of these gene rators [2] has been in use since 1951. It ope ra tes 
on what is now known as the two-pressure princ iple . A stream 
of gas at an elevated pressure is saturated with res pect to the 
liquid or solid phase of water and then expanded to a lower 
pressure. Measurements of the pressure and temperature of 
the saturated gas stream, and in the test chamber after 
expansion, yield the data necessary to compute the water 
vapor content of the gas stream. By selecting and maintaining 
appropriate temperatures and pressures, it is possible to 
generate any desired level of humidity in the gas stream. 
Over the past 25 years this generator has performed with 
reliability, convenience, and versatility. When the decision 
was mad e to replace this old generator with a modern fac ility, 
the inhe rent advantages of the two-pressure principle were 
the basis for the new design. It seems appropriate, therefore, 
to call the new generator "The NBS Two-Press ure Humidity 
Calibration F acility, Mark 2." 

Mark 2 produces a co ntinuous s tream of gas whic h can flow 
at any specified rate up to 0.005 m3/s - through a test 
chamber in whic h the relative humidity ca n be varied from 3 
to 98 percent, the temperature from - 60 0 to 80°C and the 
absolute pressure from 5 to 200 kPa. It is designed to operate 
either manually or with digital computer control. This paper 
describes the operation in the manual mode with the gas 
stream in the test chamber at approximately 100 kPa. 

I Figures in brac kets indicate the literature references al the end of this paper. 
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2. General Considerations 

The calibration of a hygromete r with th e two-pressure 
humidity gene rator can be made in various units which relate 
to the quantity of water vapor in a moist gas. Among th e most 
common units a re mixing ratio , dew-point temperature, rela
tive humidity, and volume ratio. These expressions a re de
fin ed in terms of real gas behavior and accoun t for the fact 
that the saturation pressure of pure wate r in the presence of 
an ine rt gas differs from that of pure wate r alone. These units 
have been defin ed in generaltel'ms by Harri son [4]. Wexler 
[5] has defined these units explicitly for the two-pressure 
gene rator in te rms of the meas urements of the saturation 
temperature and pressure (i. e . , in the fin al saturator) and the 
temperature and pressure in the tes t. chamber or other tes t 
space. 

The sat.uration mixing ratio, r w, of the mois t gas emerging 
from the generator is 

where Mw = 
Mg 

ew(7's) = 

P = s 
f= 

(1) 

molecular weight of water vapor, 
molecular weight of the carri er gas, 
saturation vapor press ure over a pJane surface 
of the pure phase of liquid or solid water at the 
saturator tempe rature, Ts, 
saturator pressure and 
enhancement factor and is defin ed below. 

The enhancement factor , f , at the saturator pressure, P s, 

and temperature, Ts, is expressed by 

f(Ps , Ts) (2) 



where X g , Xw = the mole fractions of gas and water vapor in 
the saturated mixture, respectively. 

The definition of the relative humidity RH in the test 
chamber of the generator is RH = (xv/xw)pc, Tc X 100 

where Xv = the mole fraction of water vapor in a given 
sample of moist air characterized by pressure, 
P e, and temperature, Te , and 

Xw = the mole fraction of water vapor in the saturated 
mixture at the same values of pressure, P e, and 
temperature, T e' 

Substituting appropriate expressIOns for the mole fractions 
yields 

where f(Pe , Te) 

ew(Tcl 

enhancement factor at tes t chamber 
pressure, P e, and temperature , T e, 
saturation vc:por pressure over a plane 
surface of the pure phase of liquid or 
solid water at the tes t chamber tempera
ture. T e, and 
test chamber pressure. 

The "thermodynamic J ew-point (or frost-point) tempera
ture" T d of a moist gas at absolute total pressure, P, is 
defin ed as that te mperature at which the moist gas is satu
rated with respect to a plane surface of pure liquid (or solid) 
water. The dew point, T d, of the mois t gas of the two-pressure 
generator is obtained by the iterative solution of 

where e w and f are values obtained from suitabl e tables and 
Pc is the absolute pressure in any s pace or volume that is 
filled with the moist gas, e,g. , the mirror c hamber of a dew
point hygrometer. 

The volume ratio, V, of the moist gas of the two-pressure 
generator is 

(5) 

Hence, with the establishment of constant temperatures 
and pressures in the saturator and test c ham ber, the various 
units of humidity can be calculated for the moist gas pro
duced by the two-pressure humidity ge nerator. The formula
tions2 of Wexler and Greenspan [6] and Goff [7] are used for 
obtaining the saturation vapor pressure of wate r and ice, 

2 in the near future the formulations by WexJer. "Val>Of Press ure Formulati on for Water in the 
Range 0 0 to 100 0c. A Revis ion" and " Vapor Pressure Formulation for Ice:' oolh to be published in 
the 1. Res . Nat. Bur. Stand. (U.S.) . wi ll be used. Since Hyland's [8] va lues for enhancement rac.:tar! 
for a ir are de pende nt on the vapor pressure formulation. the e nhancement factor will be modified to 
conform to the new values orthe vapor pressure . However, the use of the new values of vapor pressure 
and enhancement factor wi ll make onl ), ve ry s lllali changes in the fi nal res ult s since the magnitude of 
the product! X e, Illust re main the same . 

respectively. When air is used as the carrier gas, the values 
for the enhancement fac tor, f, for air, given by Hyland [8], 
over the tempe rature range - 50 0 to 90°C and press ures 
from 0.25 X 105 to 107 Pa are used in the above equations. 
Greenspan [9] has obtained a simplified equation forf which 
can be easily programmed for a computer or can be calcu
lated with the aid of a programmable pocket calculator. 

3. Description 

The two-pressure method for generating or producing air of 
known humidity involves saturating the air or other gas at 
high pressure with water vapor and then expanding the air to 
a lower pressure. The generator is designed for a maximum 
saturator operating pressure of 3.3 MPa which in tum con
trols the minimum relative humidity. Figure 1 is a simplified 
flow diagram which illustrates the princ iple of operation and 
the basic components. 

Compressed air from the house pressure line is first 
cleaned by using commercially available filters and air 
driers , D. Alternatively, in the case where a gas other than 
air is used or air of higher pressure than available from the 
house air line is required, cylinders of high pressure gas are 
connected to a manifold and the gas is introduced into the 
apparatus down stream of the desiccant towers. Two pressure 
regulators, RI and R2, are used to control the pressure in the 
humidifying system and a flowm eter , F , is used to monitor the 
flow rate. 

Saturation of the air at high pressure is accomplished in 
two saturators, SI and S2' Presaturator, SJ, is immersed in a 
bath, BJ, which is maintained at a temperature of 10 ° to 
15°C warme r than the desired saturation temperature. The 
presaturator utilizes a cen trifugal flow pattern . Air enters the 
presaturator tangentially to the inner wall and directed 
slightly downward into the water. A liquid level controller 
automatically maintains a fixed water level in the presaturator 
by controlling the solenoid valve, VI' Supply water is main
tained in a container, C, which is at the same pressure as the 
presaturator. The air enters the presaturator through a coil of 
1.27 c m (0.5 in) o.d. tubing and ex its at the top of the 
saturator through a 5.08 cm (2 in) o.d . tubin g. Types 316 or 
304 stainless steel tubing and fittings a re used throughout the 
system. 

The air the n passes through the three heat exchangers. HJ, 
H2 and H3 , located in the bath, 8 2 , which is operated at a 
temperature of 0.5 ° to 1.0 °C warmer than the final satura
tion temperature. The air which enters the heat exchangers in 
bath, B2, is warmer than and also supersaturated with respect 
to the temperature of bath, B2 • The purpose of bath, B2, is to 
make it easier to achieve temperature control in the final 
bath, B3 , by tempering the air so that it is close to, but still 
slightly above, the final saturation temperature. 

The six radiator type heat exchangers, HI through H6 
located in baths, B2 and 8 3 , were designed for minimum 
pressure drop. The air enters the bottom of each heat excha n
ger which is a horizontal tube 5.08 cm (2 in) o.d. and 0.5 III 

(18 in) in length. The top of the heat exchanger, which is 
similar in design and dimensions to the bottom , is co nn ected 
to the bottom with sixteen parallel tubes 1. 9 c m (0.75 in) o.d. 
a nd 0.5 m (20.5 in) in length as shown in figure 2. 

After the air emerges from the co nditioning bath, B2, it is 
brought to the final saturation value by flowing through the 
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fiG URE 1. Schem.atic diagram of two·pressure hWllidity generator. 

D 
RI. R2 
F 
S, 
B, 
v, 
C 
B, 
B, 
Ht- H6 

B, 
S, 
v, 
H, 
TC 

Air drie r and fill ers 
Press ure regulators 
Flow me ter 
Presat urator 
Presaturator bath 
Wate r suppl y control va lve fo r presat llrator 
Water rese rvoi r fo r presaluralor 
Re frigerat ion balh for cooli ng baths B 1, O2 & B3 
Condi tioning bath 
Radiator type heal exchanger 
Final bat h 
Final saturat or 
Digital expans ion va lve 
Heal exc hange r co il 
Test c hambe r 

three heat exchangers, H4- H6 and the final saturator, S2, 
which are loc aled in the bath , B3 . Und er the worst ope rating 
conditions, i. e., at a Oow .-ate of 0 .005 m3/s and at a pressure 
of one atmosphere, the maximum pressure drop between the 
presaturator, SI> and the outl et of th e fin al saturator, S2 , is 
300 Pa. Although the press ure drop in the three heat ex
changers in the final bath , B3, is small, there is still a finite 
pressure drop and if this pressure drop occurs after the air 
reaches the final saturation temperature, it wi ll cause the air 
to be unsaturated . To make up this defic it , a final saturator, 
S2, is installed downstream of the heat exchanger, H6 . In 
addition to resaturating the air, the final saturator provides 

additio nal surface area to assure that a ny water droplets 
which may be entrained in the air stream precipitate out. 

The final saturator, S2, is a tube .hav ing an o. d. of 11.43 
cm (4.5 in) wi th wall thickness of 0.95 c m (0.375 in) and a 
length of66.0 cm (26.0 in). The tube is placed in a hori zontal 
position and is half filled wit h wate r'. A segment from the top 
of the tube was removed and replaced wi th a nat plate so that 
the height of the air space above the wate r is 2 .5 cm. In 
addit ion, the air stream is d ivided into three channels above 
the water surface and in each chann el the re is a maze of a ir 
deflectors to force the air onto the wate r surface . In figure 3, 
which is a photograph of the fin al saturator, the large tube 
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FIGURE 2. Radiator type heat exchanger 

located near the end o[ the saturator is the air outlet tube. The 
other, smaller tubes provide access for pressure and tempera
ture measurements and also a tap through which the saturated 
air can be brought from the generator at the saturator pres
sure, by-passing the expa nsion valve, V 2 , and the tes t cham
ber, Te. 

Upon emerging [rom the final saturator, S2, the air is 
expanded to a lower pressure through an expansion valve , V2 , 

figure 4 , which is placed external to the bath, B3 . This valve 
is thermally insulated and provided with a heater to maintain 
the valve and plumbing above the de w-point tempe rature of 
the adiabatically cooled tes t gas . The ex pansion valve is a 
digital control valve with a 9-bit resolution. It controls ten 
flow elements (nozzles) whose effecti ve total c ross-sectional 
areas can be chosen over a range of 5 11 to 1. The effective 
areas of the flow co ntrol elements are a rra nged in a bi nary 
sequence. The valve has a maximum valve coeffi c ie nt , C v 3 , 

of 5 and a resolution of approximatel y 0.2 percent or a C v of 
0.01. 

After expansion , the air passes through the heat exc ha n
ger, H7 , which is a coil of tubing, 3.8 c m (1.5 in) o.d . and 
approximately 11 m in length, to bring the air bac k to the 

3 The value coeffic ient , Cv• is the number of gallons of water at 60 of thai will pass through the 
valve per minute with a pressure drop of 1 Ib/ in2 , 

FIG URE 3. Fillai Saturator 

bath temperature before it e nters the tes t chambe r, TC, figure 
5. The air from the test chamber d ischarges into the labora
tory or into a vacuum source. In the former case, th e tes t 
c hamber will re ma in at or near atmospheric pressure ; in the 
latter, the tes t c hamber can be controLled at sub-atmospheric 
pressures through the use of a suitable back-pressure regula
tor. A length of fl ex ibl e stainless s teel hose betwee n the test 
chamber and the final heat exchanger permits the tes t c ham
ber to be taken out of the bath. The tes t chamber is a cylinder 
32.4 cm (12.75 in) o.d ., 0 .95 cm (0.374 in) wall thickness 
and 40.6 cm (16 in) in le ngth. Tubular outle ts extend from 
the chamber to allow mechanical co ntrols and electri cal leads 
to be brought in and out of the working space and for 
measuring the temperature and pressure inside the chamber. 

As sta ted previously the te mpe rature of the final bath , B3 , 

can be maintained over the range - 60 0 to 80 0c. The 
te mperatures of the baths, BI> 8 2 , a nd 8 3 , are each main
tained by balancing a small amount of constant cooling with 
controlled heating. Cooling is induced by pumping the liquid 
bath fluid from each bath through its assoc iated heat ex
c ha nge coils located in the refri gera ti on bath, B4 , whi ch in 
turn is cooled with liquid carbon d iox ide. The the rmocouple 
indicator and temperature co ntrolle r for bath, 8 4 , is a n on-off 
type which controls the ope ning and closing of a solenoid 
valve on a liquid carbon dioxide line . The temperature 
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FI GU RE 4 . Expamion valve 

controlle rs for baths, B] and B2 , are the power proportional 
type with res ista nce thermometer sensor and for bath, B3 , 

time proportiona l with reset using a platinum res istance 
thermomete r senso r. 

4. Instrumentation 

As indicated in eqs 1 through 5, the calculati ons of the 
va rious units of humidity req uire the measurement of the 
temperatures and press ures of the fin a l sa turator and the test 
chamber. 

To fac ilitate the automation of data acqui s iti on, the res is t
ances of the calibra ted four-l ead stand a rd platinum resis t
ance the rmomete r a nd the calorimetric type pl atinum res is t
ance the rmomete r are measured with a 385 Hz exc ited bridge 
based on a design by Cutkos ky [10] . The bridge utilizes an 
inductive ratio divid e r and requires only one adju stment for 
balanc ing. A built-in phase-se ns iti ve null-d etector eas ily 
resolves 1 I-L0 in 25 O . Small de vi ati ons from balance a re 
reco rd ed continuously with an analog reco rd er a nd /or the 
BCD output of a di gital voltmeter is used for reco rding the 
data on a tele typewriter at any prese lected tim e interval. The 
platinum res is tance the rmometers we re calibra ted a t NBS on 
the Inte rn ati onal Prac ti cal Tempe ra ture Scale of 1968 and 
subsequ entl y chec ked from time to tim e at the tripl e po int of 
water. It is estimated that the uncerta inty in the tempera ture 
measurement is an o rder of magnitude more accurate than the 
req uired 10 millidegrees . 

The pressures a re measured with calibrated fu sed qua rtz 
Bourdon tube pressure gages eq uipped with BCD outputs. 
The ra nges of th e pressure gages used in the gene rator a re 0 
to 0. 21 MPa (30 psia) for th e test c hamber and 0 to 0. 69 MPa 
(100 psia) or 0 to 3.3 MPa (500 psig) for the satura tor. These 
gages are pe ri odically cali brated with a dead we ight pi s ton 

FIGURE 5. Test cluunber 
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TABLE 1. The percentage difference between r wand r D 

- 0. 30% + 0.10% +0.10% 

(T - 20, At o, P 2 , FlO) (To, At ., p ., F,o) (T 2., At,., P " FlO) 

+ 0.17%, - 0.32% +0.09% + 0.08% 

(T_20, At., P " F .) (To, At, ., P 2 , F 5) (T25 , A/o, p ., F .) 

- 0. 12% - 0.14% +0.09%, + 0. 22% 

(T - 20, At, ., p. , F ,) (To, Ato, P" F, ) (T 2. , A t. , P 2 , F,J 

gage . The accuracy of the pressure measurements IS esti
mated at 70 Pa . 

5. Performance 

Two independent approac hes w@re used to evaluate the 
performance of this genera tor. Firs t, an interco mparison was 
made be tween the generator and the NBS gravimetric hy
grometer. Second , an analys is was made of all known possi
ble sources of e rror and from this a nalys is, an estimate was 
d erived for the accuracy that could be expected from the 
ge nerator. 

5.1. Intercomparison Tests 

A 3 X 3 Graeco-Ia tin square experime nt [11] was used to 
test four variabl e pa ramete rs of the two-pressure humidity 
gene rator. The experiment was des igned to dete rmine 
whether any of the preselec ted levels of the para meters could 
a ffect the accuracy of the ge nera tor. The four para me ters 
which were tes ted in the expe riment were the presaturator 
temperature, the fin al satura tor temperature, the pressure of 
the saturator, and the test air flow. Three levels for eac h of 
the four paramete rs were used in the tes t. 

The parameters we re arra nged in the following form: 

where 

Eac h box of the Graeco-latin squ a re represent s a run a nd the 
four parameters we re maintained a t the des igna ted levels. 
The mixing ra tio of the mois t a ir produced by the two
pressure gene rator was calcula ted by using eq (1) for eac h of 
the runs and the res ults were compared with the value of the 
mixing ratio as measured by the NBS standard hygrometer 
[1] . The NBS s ta nd ard hygrometer has a maximum unce r
tainty of 0 . 12 percent. 

o. Results 

A percentage difference, d , was obtained by using the eq 
d = ( rw - rgJ/rg X 100 whe re " u i.s the computed mixing 
ratio for the ge ne rator a nd rg is the mixing ra tio measured b y 
the NBS standard hygrometer. The results of th e tes ts for the 
3 X 3 Graeco-Iatin square experiment are give n in table l. 
Two values in a box re prese nt a repeat run. 

In the firs t column of table 1 , T -20 is the value of the 
pa ra meter, T, common to all three boxes in that column while 
the other three pa rameters are eac h represe nted a t the three 
differe nt levels indicated . Similarly , To and T25 are the values 
of the parameter, T common to all boxes in columns two and 
three, respec tively. If the four tes te d para meters are assumed 
to be independent of each other and have no interac tions , 
the n the average value in eac h column is indi cative of the 
correla tion of the percentage differe nce, d, with the value of 
T for that column. Similar analyses of the rows yield the 
correla tion of d with F , analyses of one set of di ago nals give 
the correlation of d with P , while a nalyses of the seco nd set of 
diagonals give the correlation of d with !1t. These res ults are 
given in table 2. 

TABLE 2. The correlation of parameler iel)eis wilh the percentage difference 
between r w and Tg 

d I d d ! d I I 
T the fin al saturator te mpe rature a nd T -20 = 

- 20 °C, To = 0 °c , T 25 = 25°C; 
T - 20 0. 23% I At ,. 0.10% P 5 0.10% F,o 0 .17% I 

P 

F 

the difference in the temperature be twee n the 
presatura tor and the fin al satura tor, the sub
script indicating the amount in degrees Celsius 
that the former exceed the la tte r; 
the final saturator pressure a nd P, = 105 Pa, P 2 

= 2 X 105 Pa, P5 = 5 X 105 Pa; and 
the ra te of tes t air flow and F 1 = .03 m3/ min , F 5 

= .15 m3/ min , F,o = .3 m3/min (at 25°C and 
105 Pa). 

To 0.11 % I AI. 0.18% P 2 0.18% F . 0.1 7% J 
T25 0.1 2% A/o 0.1 7% P, 0. 18% F, 0 . 14% 

In order to assess the significa nce of d in table 2, it is 
necessary to remember that the max imum uncerta inty in rg is 
0.12 percent. Therefore, if d exceeds 0 .12 pe rcent , the 
inc rease is ascribed to rw a nd , more pa rti cul arly, to the 
corresponding para me ter level. 
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T 3 E ABLE ..J xperunen.la errors 

Saturator 
Estimated syst ematic 

3 fT-Randolll e rrors ~ew ~P, ~r 
Quad b 

e rrors 

Te mp. Press . Temp. Press. Te mp. 

(0C) (Pa) (0C) (Pa) (OC) 

-20 2 X 105 i 0.030 69.0 0.00042 
- 20 I X lOS I 0.030 69.0 0.00048 
- 20 j X 105 0.030 69.0 0.00045 
- 20 5 X 105 0.030 69.0 0.00033 

0 5 X lOs 0.010 69.0 0.000J2 
0 2 X 105 0.010 69.0 0.00009 
0 I X lOS 0.010 69.0 0.00009 

25 I X lOS 0.010 69.0 0.00033 
25 5 X 105 0.010 69 .0 0.0001 2 
25 :2 X lOS 0.010 69.0 0.00018 
25 2 X 105 0.010 69.0 0.00042 

a Enhancement fa ctor uncertainties obtaIned from Hyla nd's l81 pape r. 
b Combined by quadrature , i. e . , the square root of the sum of the squares . 

5.2. Error Analysis 

An estimat e of the maximum unce rtainty in the ca lculated 
mixin g ratio , r 1£, of the ge nerator for eac h of the run s was 
obtained by us ing th e es timated syste mati c un certainty plus 
three times the random uncertainty of the measured pressure 
and te mpe rature in the final saturator. The maximum un cer
tainty of the e nhanceme nt fac tor , whi ch al so includes the 
uncertainty in the saturation vapor pressure values, was 
obtained from table 9 of Hyland's [8] pape r. The s tandard 
deviations we re compuled for the meas ured te mperature and 
press ure of the saturator in eac h of th e runs and the s tandard 
de viation of th e mean was used as a meas ure of the random 
uncertainty. The syste matic uncertainty in the pressure mea
sure ment was attributed to the uncertai nt yin the calibration 
of the pressure gage , and for the tempe ra ture measurement, 
the systematic uncertainty was primarily due to the maximum 
tempe rature gradi ent detected in the final bath whi ch con
tains the saturator and the tes t c hambe r. 

The estimated un certainty in the calculated mixing ra tio 
was obtained from the express ion 

Table 3 lists the estimated systematic uncertainty and the 
30- errors for each of the runs and also the estimated maxi
mum uncertainty of the generator. 

By inserting the values of the estimated maximum uncer
tainty give n in table 3 in the appropriate squares of the 3 X 3 
Graeco-latin square and by computing the mean for each row, 
column and diagonal of the square , the results obtai ned are a 
measure of the es timated maximum uncertainty of the ge nera
tor for each level of the tes ted parameters. These results are 
given in table 4. 

TABLE 4. The estimated rnaximum uncertainty of the generator's mixing 
ratio for the designated levels of the tested parameter 

T - 20 

To 
T25 

0.33% ~t15 
0.14% ~t5 
0.10% ~to 

0.19% 
0.19% 
0.18% 

0.20% 
0.21% 
0.16% 

- - ~rw X 100 ew P, i 
Press. rw 

(Pa) (%) 

41.4 0.00293 0.00055 

I 
0.00085 0.31 

47.6 0.00293 0.00117 0.00045 0.32 
18.6 0.00293 0.00088 0.00045 0.31 
24.8 0.00293 0.0001 9 0.002 10 0.36 
33.1 0.00073 0.00020 0.001 60 0.18 
9.0 0.00073 0.00039 0.00065 O. ]] 

16. 5 0.00073 0.00086 0.00035 0.1 2 
22 .8 0.00060 0.00092 0.0001 5 O. II 
24.8 0 .00060 0.00019 0.00088 0.11 
8. 3 0.00060 0.00039 0.00038 0.08 

18.6 0.00060 0.00044 0.00038 0.08 

Comparis on of the res ults (to Ihe nearest te nth of a pe rcent) 
of tabl es 2 a nd 4 show that th e ca lc ulated maximum un ce r
tainty of the ge ne rator is equal to or greater th a n the perce nt
age diffe re nce d for the various levels of the tes ted param eters 
and th erefore it may be concluded that th e performan ce of the 
ge nerator is not affected by the four tes ted parameters over 
the range wh ic h these pa rameters we re tes ted. 

6. Accuracy 

The res ults of the inte rcomparison tests of the ge nerator 
with the standard hygrome ter whic h are shown in the previous 
sec tion indi cate that the es timated maximum unce rtainty of 
the gene rator (based on the syste mati c and 30- un certainti es 
of the te mpe rature and pressure measure me nts and the maxi
mum e rror for the enhan ceme nt factor) are equal to or greate r 
than the me asured d iffe re nce, d. There fore, s imilar ca lc ula
tions we re mad e beyond the range covered by the intercom
parison tes ts to obtain the estimates of the max im um uncer
tainty for th e ge ne rator over the temperature range of - 55 0 

to 80 °C and for pressures from ambi ent to 3.3 X 106 Pa. 
Table 5 lists these res ults whic h are give n in units of mixing 
ratio, volu me ra tio, dew-point temperature and relative hu
midity. 

7. Conclusion 

The NBS Two-pressure Humidity CalibratIon Facility, 
Mark 2 was designed for manual or computer operation and to 
e ncompass a humidity range of -80 0 to +80 °C dew points . 
The generator was also designed to operate ove r the ambie nt 
pressure range of 5000 to 2 X 105 Pa and temperature range 
of 80 0 to - 55 0c. 

Intercomparison tests were made with the NBS Standard 
Hygrometer (grav1metric) over a limited ran ge of the ge nera
tor. The results of the tests showed that the differe nce be
tween the humidity calculated for the gene rator based on 
measurements of pressure and temperature and th e humidity 
measured by the standard hygrometer were equal to , or less 
than, the estimated uncertainties based on th e estimates of 
the maximum contributions to the systemati c uncertainty plus 
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TABLE 5. NBS two-pressure hUl1l,idit y generator , m,ark 2, range and accuracy 

Humidit y parameter Range Acc uracya 

Mixing rati o, f w (g water vapor/kg dry air) 0.0005"; fw< 0.0015 
0.0015 ,,; f u;< 0.005 

0.005 ,,; fw< 0.1 
0.1"; fw< 0.3 
0.3 "; fw< 515 

3 .0% of value 
1. 5% of value 
1.0% of value 
0.5% of value 
0.3% of value 

Volume ratio , V (ppm) 

Dew-point temperature , T(/ °C 

Relative humidit y, RH (%) at test chamber tempera-
t ure Tc (OC) of: 

-55"; Tc< - 40 
-40 ,,; Tc< - 20 
-20 ,,; Tc< 0 

0 ,,; Tc< +80 

1 ,,; V< 3 
3,,; V< 10 

10 ,,; V< 170 
170 ,,; V< 500 
500,,; V< 820,000 

- 80 "; Ta< - 70 
- 70,,; T ,r::, -35 
- 35"; T,r::, +80 

3- 98 
3-98 
3-98 
3- 98 

3. 0 % of value 
1.5% of value 
1.0% of value 
0.5% of value 
0.3% of value 

0.2 
0.1 
0.04 

1. 5 
0.8 
0.4 
0.2 

a The estim ated bounds to systemati c error plus three tim es the standard devia tion. 

three limes the standard deviation for the paramete rs of the 
pressure, temperature and enhanceme nt fac tor. The esti
males of Ihe maximum uncertainly of the generator are li sted 
in table 5. The magnitude of the unceltainties for the new 
generator is at least 50 percent less than current es timated 
uncertainties used for humidity at Ihe National Bureau of 
Standards [3]. 

Work is s till in progress on the development of an inte rface 
be tween the generator and a minicom puter and on testing the 
generator for subatmospheric pressure operation . It is also 
planned to extend the intercompariso n tests with the standard 
hygrom eter at both higher and lower humidities. 

We wish to express our gratitude to R. W. H yland for the 
operation of the NBS Standard Hygromete r, to the mem bers 
of the NBS Shop Divis ion and in particular to W. Koepper 
(now re tired) and to B. Beuchert for the fabri cation of Ihe 
generator, and to L. Marzetta for building the a.c. thermome
ter bridge. 

8. References 

[1] Wexler, A., and R. W. Hyland , The NBS stand ard hygromete r, 
Humidity and Moisture, Vol. III , A. Wex ler (ed.) (Reinhold Pub
lishing Corporation, N.Y., J964), pp. 389-432. 

[2] Wex le r, A. , and R. D. Daniels, Jr. , Pressure humidit y apparatus, J. 
Res. Nat. Bur. Stand. (U.S.), 48, No.4, 269-274 (Apr. 1952) RP 
2312. 

[3] Greenspan, L. , Low frost-point hum id it y generator, J. Res. Nat. Bur. 
Stand. (U .S.), 77A, (phys. and Che rn .), No.5, 671-677 (Sept.
Oct. 1973) . 

(4) Harri son, L. P., Fundamental concepts and definitions re lating to 
humidity, Humidit y and Moisture, Vol. III, A. Wexler (ed.) (Rein
hold Publishing Corporati on , N. Y., 1964) , pp 3-69. 

[5] Wexler, A. , Calibration of humidit y-measuring instrument s at the 
National Bureau of Standards, ISA Trans., 7, No.4, 356-362 
(1968). 

[6] Wexler, A., and L. Greenspan, Vapor pressure equation for water in 
the range 0 to 100 °C, J. Res. Nat. Bur. Stand. (U.S.) , 75A, (Phvs . 
and Che rn. ), No.3, 213-230 (Mav-June 1971). 

[7] Goff, J. A. , Saturation pressure or' water on the new kelvin scale, 
Humidity and Moisture. Vol. III , A. Wexler (ed.) (Re inhold Pub
lishing Corp., N. Y. , 1964), pp. 289-292. 

[8] Hyland . R. W., A co rrelation for the second int e raction vi ri al coeffi
cients and en han ce ment factors for moist air, J. Res . Na t. Bur. 
Stand. (U.S.) , 79A, (phys. ancl C hem.) , No . 4, 551-560 (July
Aug. 1975). 

[9] Greenspan, L., Functional equations for the enhanceme nt fac tors for 
CO2-free moi st air, 1. Res . Nat. Bur. Stand. (U.S.), 80A, (phys. 
and Chern.), No . I , 41-44 (Jan.-Feb. 1976). 

(10) Cutkosky, R. D., An a-c res istance the rmometer bridge, 1. Res. Nat. 
Bur. Stand. (U.S.), 74C, (E ng. and lnstr. ), No.1 & 2 , 15-18 
(Jan.-June 1970) . 

[11] Youden , W. J. , Statistical Methods for Chemists (John Wiley & Sons , 
Inc., N.Y. 1951). 

Pape r 81A 1-923 

88 


	jresv81An1p_81
	jresv81An1p_82
	jresv81An1p_83
	jresv81An1p_84
	jresv81An1p_85
	jresv81An1p_86
	jresv81An1p_87
	jresv81An1p_88

