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A new humidity owlihomion facility which wes the two-pressure principls for generaling gas of known
humidity has been devcloped ot NBS [or caltbrmting and testing hygrometers. The relative humidity range of the
two-prassure humidity generator is 3 to 98 parcent for ambient lemparstures =60 * to B0 *C and test chamber
pressures 5 o 200 kPa (abaolute). This is egui\'ulmt to & nominal dew/froat point range of —80 ¥ 1o B0 *
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1. Introduction

The National Bureau of Standards develops, maintaing,
and dizseminales Lhe standards jor the humidity measure-
ment system in the United Siates of America. A gravimetric
hygrometer serves as the primary standard [1]'. Twe preci-
sion humidily generators [2, 3] are used as the principal
facilities for calibrating transfer and secondary slandards,
and for lesting and evalusting hygrometers and sensors. One
of these generators [2] has been in use since 1951. It operates
on what is now known as the two-pressure principle. A siream
of gas at an elevated pressure is salurated wilth respect o the
liquid ar solid phase of water and then expanded to a lower
pressure. Measurements of the pressure and temperature of
the saturated stream, and in the lest chamber afier
expansion, yield the dawa necessary tw compule the waler
vapor contenl of the gas stream. By selecting and mainlgining
appropriate temperatures and pressures, il ig possible o
generate any desired level of humidity in the gas stream.
Over the pest 25 years this generator has performed with
eeliability, convenience, and vematility. When the decision
was made to replace this old generator with a modem facility,
the inherenl advantages of the bwo-pressure principle were
the hasis for the new design. It seems appropriate, therefore,
lo call the new generator “The NBS Two-Pressure Humidiry
Calibration Facility, Mark 2.7

Mark 2 produces a cantinuous stream of pas which can flow
at any specified rate up to O.005 m?fs—through a tes
chamkber in which the relative humidity can be vaned from 3
lo 38 percent, \he lemperature from —46) ° to 80 °C and the
absolute pressure from 5 10 200 kPa. It is designed 1o operate
either manually or with digital computer control. This paper
describes the operation in the manual mode with the gas
slreem in the test chamber at approximately 100 kPa.

! Fhipima in ke kets. imdicate the Lilermure wefernnces s the emd of this paper,

2. General Considerations

The calibration of a hygrometer with Lhe two-pressure
humidity generator can be made in various units which relale
to the quanlity of waler vapor in a moist gas. Among Lhe mosl
commpn unils are mising ralio, dew-point lemperature, rela-
tive humidity, and velume ratic. These expressions are de-
fined in terms of real gas behavior and account for the fact
that lhe saturation pressure of pure water in Lhe presence of
an inert gas differs from thal of pure water alone. These unijls
have been defined in general wms by Harmson [4]. Wexber
[5] hes defined these units explicilly for the two-pressure
generalor in terme of the measurements of the saturation
temperature and pressure (i.e., in the final saturator) and the
temperaturs and pressure in the test chamber or other test
space,

The saturation mixing ratic, r, of the moist pas emerging
from the generator is
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where M. = molecular weight of water vapor,
¢ = molecular weight of the carrier gas,
ewl Tyl = saturation vapor pressure over 2 plane surface
of the pure phese of liquid or solid water al the
saluralor temperalure, T,
P; = saturatar pressure and
F = enhancement factor and iz defined below.

The enhancement [actor, f, at the saturator pressure, F,,
and lemperalure, Ty, is expressed by
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where x5, ¥, = the mole fractions of gas and water vapor in
the saturaled mixture, reapectively.
The definition of the relative homidity RH in the test
chamber of the generator is RF = {xgfxulp,. ¢, X 100

the mole fraction of water vapor in a given
sample of moist air characierized by preasure,
P,. and temperature, T,. and

= the mole fraction of waler vapor in the salurated
mixltre at the same values of pressure, P, and
temperature, T..

where £, =

Ao

Subslituting appropriale expressions for the mole fractions
yie
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where f{P.. T;} = enhancement factor at test chamber
pressure, P, and temperature, T,
epiTel = saluration vEpor pressure over a plane
surface of the pure phase of hiquid or
golid water at the 1est chamber tempera-
tore. T, and
P, = test chamber pressure.

The “thermodynamic dew-point {or Trosl-poinl} lempers-
are” Ty of a moist gas at absalule tatal pressure, P, is
defined as that lemperalure al which the moist gas is satu-
raled with respect to a plane surface of pure liguid (or solid}
water. The dew point, Ty, of the moist gas of the lwo-pressure
generatoy is sbiained by the iterstive solution of
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where ey and § are values obtained from suitable tables and
P, ia the absolute pressure in any space or volume that is
filled with the moisl gas. e.g.. the mirtor chamber of a dew-
point hygromeler.

The volume ratio, ¥, of the moisl gus of the lwe-pressure
generator is

AP, Toleol T
Py~ AP TheulTi)

Henee, with the establishment of constant temperatures
and pressures in the saturator and test chamber, the vanous
units of humidity can be calculated for the moisl gas pro-
duced by Ihe two-pressure humidity generator, The formuola-
tipns? of Werler and Greenspan [6] and Godf [7] are used for
obtaining the saturation vapor pressure of waler and ice,

V= (5)
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respectively. When air is used as the carrer the values
for the enhancement factor, £, for air, piven g;:s[-lyland [8],
over the lemperature renge —50 © to 20 °C and pressures
from 0.25 % 10% 10 107 Pa are used in the above equations.
{Greenspan []9] has cbtained a simplified equation for f which
can be easily programmed for a compuler or can be caleu-
lated with the aid of a programmable pockel calewlalor.

3. Dascription

The two-pressure method for generating or producing air of
known humidity involves salurating 1he air or other gas al
high pressure with waler vapor and lhen expanding lhe air to
a lower pressute, The generator is designed for & maximum
saturator gperating pressyve of 3.3 MPa which in lum con-
trole 1he minimum relative humidity. Figure 1 is a simplified
MNow diagram which illusirates the principle of operation and
the basic companents.

Compressed air from the house pressure line is fiest
cleaned by using commercially available filiers and aie
driers, I). Alternatively, in the case where a gas other than
air is used or air of higher pressure than availakle from the
house air line is requited, cylinders of high pressure gas are
connerted to a mandlold and the gas 15 introduced inlo the
apparatus downstream of the desiccant lowers., Two pressure
regulators, Ry and Rg, are used 1o control the pressure in the
humidifying syslem and a flowmeter, F, i3 used to monilor the
flow rate.

Saturation of the air s1 high pressure is accomplished in
two salurators, 5, and Ss. Prezaturater, S,. iz immersed in a
bath, B,. which iz maintained at a temperature of 10 ° to
15 °C warmer than the desired saluralion lemperature. The
presaturator utilizes a centrilugal flow pallern. Ajr enters the
presaturalor tangentially ta the inner wall and divecled
slightly downward inlo the water. A liquid level conireller
automatically mainizing a fixed waler level in the presalurator
by contrplling the sol=noid valve, ¥;. Supply waler is main-
lained in a conlainer, C, which is at the same pressure as the
presaturalor. The air enters the presaturalor through a coil of
1.27 cm #).5 in) o.d. tubing and exits at the top of the
saturalor through a 508 cm (2 in) o.d. lubing. Types 316 or
304 gtainless stecl tubing and finings are vsed throughout the
EYSIENL

The air then pazaes through the three heat exchangera. H,,
H; and Hy, located in the bath, Bg, which is operated al a
temperature of (.5 “ 1o 1.0 °C warmer |han the final sslura-
tion lemperalure. The gir which entets the heal exchangers in
bath, By, is warmer than and also supersalurated with reapect
to the temperature of bath, By, The purpose of bath, By, is 10
make il easier 1o achieve temperalure control in the [inal
bath, By, by tempering the air so thal il s close 1o, bul sl
slighuly above, the final saluration 1emperature.

The six radiator 1ype heal exchangers, H; through H;
localed in baths, B and Bj, were designed for minimum
pressure drop. The air enters the hottem of each heal exchun-
ger which is a honzorntal tube 5,08 cm (2 in) 0.d. and 0.5 m
(18 in) in length. The top af the heal exchanger, which iz
similar in design and dimensions to the batlom, is connected
ta the botlom with sixteen parallel tubes 1.%em (0. 75 in) o.d.
amd .5 m {205 in) in length as shown in (iguee 2,

© Afier the air emerges ot the condilioning bath, By, it is
brought 1o the final sawration value by flowing through the
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three heat exchangers, Hy—H, and the final saturator, 5,
which are located in the bath, B;. Under the worsi operaling
conditions, i.e., at & flow rate of 0.005 m*/s and a1 a pressure
of one atmosphere, the maximum pressure drop belween the
presaturator, 5y, and the outlet of the final salurator, %, is
300 Pa. Although lhe pressure drop in lhe three hesl ex-
changera in Lthe final bath, By, is small, there ia still a finite
presaure drap and if this pressure drop eccurs after the air
reaches the final saturation temperature, it will cause the air
Iz be unsaiurated. To make up this deficit, a final sataralor,
8y, iz installed downsteeam of the heat exchanger, Hy. In
addition to resaturating the air, the final satorator provides -

Waler aupply confeal walbee Jor i woor

o

prematy
Refrigeration bath for cocling beiba B, By & By
Bladiaber vpe beal evchamg:r
Fingl hath

[Hiaad expansion valwe

additional surface area to sssure that any water dreoplets
whick may be entrained in the air stream precipilate ool
The final saturator, S, is a tube having an o.d. of 11.43
em (3.5 in) with wall thickness of 0.95 cm (0,375 in) and a
length of 66.0 ¢m {26.0 in). The wbe is placed in a horizental
posilion and is half filled with water, A segment from the top
of the tube was removed and replaced with a a1 plate 2o that
the height of the air space above the waler iz 2.5 cm. In
addition, the air stream is divided. inte three channels above
the water surface and in each channel there is a maze of air
deflectora to force the air onto the waler surface. In figure 3,
which i= a photograph of the final =aturator, 1he large tube
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rm,';_l.il-‘lf TR I'H' I'III-I ufllll‘ saturalorn !'- 1||r' ;1'Lr lll,l|r1'| II;ln'. |'f||'
other, smaller tubes provide acecess for pressure and emperis-
Pare tnensurements and also a tap through which the saturated
air can be brought from the generator ot the salurator pres-
sure. by-passing the expansion valve, Va, and the test cham-
her, T

Upon emerging from the final saturator, Se, the wr is
expianded 18 lower pressure through un expansion vilve, Ve,
bigure 4. which is placed extemal to the bath, By This valve
is thermally insulated and provided with a heater to maimain
the valve aod plumbing abwve the dew-peint temperture of
the adiabatically cooled test gas. The expansion valve is-a
digital control valve with a 9-bit resolution. It controls ten
flow elements (nozxles) whose effective wial ermss-sectional
ireas can be chosen over a range of 5311 to 1. The effective
areas of the Mow control elements are arrangesd 10 o binary
sequence. The vidve has o maximium valve coefficient, €7,
of 5 and o resolution of approximotely (1,2 percent or o € of
0.0,

Alter expanzion, the ar passes through the heat exchan-
ger, Hyeo which i o coil of tubing, 3.8 ¢m (1.5 in) o.d. and
approximately 11 m in length, 1w bring the air back 1o the

pellirseni, Oy, [ e s
¢ with i penassen b of |

ol palliige of wabes w1 fd) "F dfial will grass tlivosgh di

salve gs ik i

3. Final Saturator

FiGunRe

basth temperature before it enters the test chamber, TC, figure
¥ The air from the test chamber dizcharges into the labors-
tory or by viacuum sediee. Do the former case, the test
chamber will remain ot or dear stmospheric pressoee; o the
]:l!h‘l’. rflr lesd |'iI|HIb|wr i hl,' |'||1Irl'-|”11] il -1lj1-:|rlI|||-_-|||tr'|'i|
pressures through the use of a suitable back-pressure regula-
A length of flexible stiinless steel hose between the tes)
chamber and the final heat exehanger permits the test cham-
ber to be taken out of the bath; The test chamber is o evlinder
2.4 em (1275 in) ol 095 cm (0374 in) wall thickness
arid HLG e (16 dn) e length, Tobular outlets extend from
the chamber 1o allow mechonical controls and electrical legds
to be brought in and out of the working space and for
measuring the lemperalure and pressiare inswde the chamber.

Az stuted previously the temperature of the linal bath, By
can be maintained over the mange —60 % 1w 80 °C. The
temperatures of the baths, By, Bao oand By, are each -
tainedd by bulancing o smudl amount of constant cosling with
contelled heating, Cooling is induced by pampiog the Tiguaid
bath Nloid from each bath thoough s asseciated heat ex-
vhange coils located in the refrigertion bath, By, which in
arn is 4 ||||]|':| 'l'li“l |i||||i1] I'Jrilllil ||i|'-\i.-:!1'. ”':1' lhl'l'lllﬂl'llll!ijl'

{[F7)

inelicator and lemperature controller for bath, By, is an on-of]
type which controls the opening
valve an o liquid carbon dioxide lne, The temperature

il closing ol a solenoid
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controllers for baths, By and By, are the power pruportional
typer with resistance thermometer sensor and for bath, B,
time proportional with resel using a platinum  resistance
thermiomeler sensar,

4. Instrumentation

Ag indicated in eqs | through 5, the caleulations of the
various unms of h|||||i||ih |r'|||ti||' the measurement of the
temperatures anid pressures of the lTnal saturator and the 1est
hamber.

T facilitate the avtomation of data aequisition, te resist-
ances ol the calibrated four-lead standard platinum resist-
ance thermometer and the calorimetric type platinom resist-
gnve thermometer are measured with o 385 He excited bridge
baised on a design by Cuthosky [10], The bridge utilizes an
inductive rutio divider and requines only one adjustiment fo
|I|,IJ||I|I g lI|I hllirl i|| !-h._|h4'-'-|-l|--|1|1.-r' II-||||'I|I Feslor |'.I.:-F|'.
r--.—~|-|1.'--- | J:I.!I m 25 “ Sl |||'-.|.|II|||:I- Irom ]l.q'.‘illl'i' anes
recorded continuously with an analog recorder and/for the
BCD vuput of o digital volimeter is ased for recording the
data on & teletypewriter at any preselected time interval. The
r||-.;1|||i||.ll'| resialance Thermmomelers wer --:|||lrr.-|--1| il 1'1-}4.:.\"' i
the Intermational Proctical Temperature Seale of 1968 amd
subseguently checked from time 1o Hme al the triple point of
witter. It is estimated that the uncertainty in the temperatire
measurement 15 an order ol I:|||;_'I||I|||J|- muore aecurate than the
recquired 1 millidegrees.

The pressores are measured with calibrated fused quartz
Bourdon tube PrESsUTe ERgCs 1'|:||1|||||r'1j with BRI nulputs,
The tanges of the pressure sages used in the generator are 0
0,21 MPa (340 |n-i.|_| {or the test chambsr aod O e 0069 MPa
(100 psia) or 0o 3.3 MPa (500 psig) for the saturator. These
gages wre periodically calibeated with a dead weight piston

Test rhiamiher

]
i
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TamE L. The percentage difference fetoran rpand ry
— (1A =+ 1), 10F%: +0), 1R
T o A, Py, Fg) {To &bz Py, Frol {Tag. Biga, oo Faad
+0.17%, —0.32% R ] + (L 0E%
(T p, &by, Py, Fi) 1Ty, &tyg, Fr, Fal (T, Ao Py Fyl
=), 12% =0, 14% +0.00%, +0 22%
(T por Atyg, Py Fy) {To B0y Py, F) {Fap. &y, P2, F1)

gage. The accuracy of the pressure measurements is esti-

mated at T Pa.

5.  Performance

Two independent approaches were vsed 1o evaluale the
performance of this generator. First, an intercomparison was
made belween the generator and the NBES gravimetrie hy-
gromeler. Second, an analysis was made of all known possi-
ble sourees of error and from this snalysis, an estimate was
dertved for the accurscy that could be expected from the
generaior.

5.1. Intercomparison Tests

A 3 % 3 Graeco-latin square experiment [11] wus used to
lest four variable parameters of :E: Iwo-pressare humidity
generator. The experiment was designed to delermine
whether any of the preselecied levels of the paramelers could
affect the accuracy of the generator. The four purameters
which were 1ested in the experiment were Lhe presaturalor
temperalure, Lhe final saturator temperature, the pressure of
the salurator, and the test sir flow. Three levels for each of
the fout paramelers were used in the lest,

The parametsrs were artanged in the following form:

Fop Aty Py, Fp Too dig. P5. Fig Fog Btps Py Fre

T‘w.. ﬁl;. qu Fs + Tar &ﬁsq P:u F: Toa, Ada, F;- Fy

Foom &t P Fy To, itg, Py, Fy Tu. &t F2. F)
where

T = the Mnal saturalor temperatgre and Tog =
—20 °C, Tﬂ =10 T,, .'rg; = 25 UC;

At = 1he difference in the temperature beiween the
presaturator and Lhe Anal salurator, the sub-
scripl indisating the amount in degrees Celsius
that the former exceed the lattey;

P = the final satorator pressure and Py = 10° Pa, P,
=2 % |(P Pa, Py = 5 % 1{¥ Pa; and

F = the rate of lest air flow and F; = 03 m&fmin, F,
= .15 m¥min, Fiy = .3 m¥fmin {at 25 °C and
10° Pa).

Each box of the Graeco-lalin aquare represents a run and the
fuur parameters were maintained at the deeignated levels:
The mixing ratic of the moist air produced by the two-
pressure generalor was calculated by using eq (1) for each of
the runs and the results were compared with the value of the
mixing ratic as measured by the NBS standard hygrometer
[1]. The NBS standard hygrometer has a2 maximum uncer-
tainty of 0.12 perent.

a Reudn

A purcentage difference, 4, was oblained by using the eq
d = (rw — ratfta X 100 where ry is the computed mixing
ratio for the generalor and -y is the mixing ralio measured by
the NBS standard hygrometer, The resulis of 1he lests for 1he
3 ¥ 2 Graeco-lalin square experiment are given in lable 1.
Twa values in a box represent a repeat run.

Ini the fiest column of table 1, Togg is the value of the
parameter, T, common lo all three bexes in that column while
the ather three parameters are zuch represenled at the three
different levels indicaled. Similarly, Ty and Ty are the values
of the parameter, T common to all bexes in columas twe and
three, respectively, Il the four tested parameters are assumed
to be independent of wach other and have no interactions,
then the average value in each column is indicative of the
catrelation of the percentage difference, , with the value of
T for that column. Similar analyses of the rows yield the
correlation of & with ', analyses of one set of diagonals give
the correlation of 4 with P, while analyses of the second set of
diagonals give the correlation of & with At. These results are
given in lable 2.

TABLE 2.  The correlation of parameter levels 1wk the pereentage difference

Betawert rp and r,
|
d o ) i o
T 02I% | Aty O | Py CGIKE | Fp G179 |
T, 01% | Aq RIBR | P, 018% | F,  CivR
Ta 012% | &, 01TR| P, 0lg% | Fi 0.14% |

In order to assess the significance of d in lable 2, 11 is
necessary W remember thul the maximum uncertainty in ry is
0.12 percent. Therelore, if & exceeds 0.12 percent, Lhe
iperease is aseribed 10 vy and, more paricularly, to the
corresponding parameter level.
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Takte 3. Expers ehritt B
Saturator Egtimatidmsj:lemﬂic 3e-Handom crrus Arg AP, AP &’QM"
o > 7| fmow

Temp- Preas. Temp. Preag, Temp. Presa. Tu
*Cy (Fa) °C) {Pa} "Ch iFa) i)
—H 2% 1P O 690 0. 002 41.4 D020 0, 5S o, DDES 0,31
— 1% 1P 050 au.0 0. 00048 476 O 009 00117 00045 032
- 1% 1P (0500 6.0 0, 0005 l&.s 000252 LR LT RIS 0.31
—H 5% 1P 0050 65,0 0, (XN 4.6 0 O3 00001y 002 L0 .26
0 5% 1P 0OH &40 R (TP 33.1 (0007 & O W00 2 (e 18
0 2% P (0 600 LRL L o0 G063 G003 G 1106065 811
0 1% 1 AL 6.0 O, DO l6.5 0. 0072 0, DO0BG 0, 00035 L 4
25 1 % WP (014 65.0 0, 00032 220 URLCL AL O, 00092 000015 .11
- i AL 6u.0 O, N2 24.8 0, OG0 0, 00019 £, 00088 11
25 2w 1P 0010 .0 OO0 LK A O 00060 0000 O, DO 0.8
25 Z o WP 010 65.0 0, 02 8.4 10, OG0 o, 0044 0, 00058 0,08
® Enhancemant factor uncerainties vbtained rom Hyland's [8] paper. )

B Combined by quadrature, i.e., the square root of the sum of the aquares,
5.2. Ermeor Analysis Cuomparison of Lhe resulis (lo the nearest Lenth of a percent)

An eatimate of the maximum uncerainty in the caleolaled
mixing ratio, ry, of the generator for each of the runs was
obtained by using 1he estimated systemalic uncertainty plus
three limes the random uncerainly of the measured pressure
and temperature in the final saturator. The maximum uncer-
tzinty of the enhancement factor, which alse includes the
uncertainty in the ssluration vapor pressure values, was
oblained frum talile 9 of Hyland's [8] paper. The standsnd
deviationa were computed far the measured temperaturs and
pressure of the saturator in each of the runs and the standard
deviation of the mean was used ag a measure of the random
uncertainty. The systemalic uncerainty in lhe pressure mea-
surement was attriboted to the uncertainty in tll:e calibration
of the pressure gage, and for the lemperature measurement,
the systematic uncertainiy was primarily due to the maximum
temperalure gradienl detected in the final bath which con-
tains the saturalor and the lest chamber.

The estimated uncertainty in the caleulated mixing ratio
was obained from the expression

eisz
@

% = # [(i_?)g * (%)E 7

Table 3 liats the estimated syetermatic wneertainty and the
3o emors for each of the runs and alse the estimated maxi-
mum uncertainty of the generator.

By inseding the values of the estimated maximum uncer-
Lainly given in lable 3 in the uppropriate squarcs of the 3 ® 3
Graeco-latin aquare and by computing Lthe mean lor each row,
column and diagenal of Lthe square, the results obtained are a
measure of the estimaled maximum uncertainty of the genera-
tor for each level of the 1ested paramelets, These results are
given in table 4.

TabLE 4.  The stimated maxirmem wnceriainey of the gencrabor's micing
ratic far ihe designated fevels of the teited parorsier

T w 0.33% | Ar, 000 | P, G22% | Fp  0.20%
T 0.14% | A, 0.19R | P, 015% | F,  0.21%
T 010% | Ay, 0aER | P, 0w | F, O 0.8% |.

of tablez 2 and 4 ghow that the caleulaled maximum vneer-
tainty of the penerator is equal to or greater than the percent-
age difference d for the various levels of the tesied parameters
and 1herefore it may be concluded that the performance of Lthe
gensralor is nal affected by the four tesied perametors over
the range which these parameters were tested.

6. Accuracy

The resulls of Ihe inlercomparison tests of the generator
with the stapdard hygrometer which are shown in the previous
seclion indicate that the eslimaled maximum uncertaintly of
the generator (based on the sysiemalic and 30r uncedainties
of the temperature and pressure measurements and the maxi-
mum ercor for the enhancement factar) are #qual to or greater
than the measured difference, d. Therelore, similar caleule-
lions were made beyond Lhe range covered by the intercom-
parison tesls 1o obtain the estimates of the maximum uncer-
lainty for the generalor over the lemperalure range of —55 °
to 80 °C and for pressures from ambijent to 3.3 X 10° Pa.
Table 5 lists these results which are given in units of mixing
ratio, volume ratii, dew-poinl temperature and relative hu-
midity.

7. Condusion

The NBS Two-pressure Humidity Calibralion Facility,
Mark 2 was designed for manual or computer operation and to
encampass & huridily range of —80 "te +80 °C dew points.
The gensralor was also desipned te operate over the ambient
pressure range of 5000 to 2 % 10° Pa and lemperalure range
of B0 ¥ to =55 °C,

Inlercompacison tesle were made wilh the NBS Siandand
Hygromeler {gravimetric) aver a limited range of the genera-
tor. The reauliz of the 1ests showed that the difference be-
tween the humidity calculaled for the generator based on
mecasutements of pressure and lemperature and the humidity
measured by the standard hygrometer were equal to, or less
than, the estimated uncertainties based on the estimates of
the maximum centributions to the sysiematic uncertainly plus
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TaBLE 5. NAS fwo-presturs humtidity generator, ok 2, rnge aid decuracy
Humidity parameter Range Accuracy”
Wizing rutio, +p (g water vaporfhg dry aid 00005 = Fpe 00015 A af value
0.0015 = rp 005 L.5% of value
o5 5 r 0L 1.0 of valye
0] = r& 03 0.5% of value
3 = rgs 515 0.3% of valur
Yolume ratio, ¥ {ppm} 1=k 3 3.%% ol valur
A =<F=10 1.5% al value
10 = W5 1T ! LK% of value
1) = = S0} 0.5% ol value
i 500 = KD B0, 000 (1. 3% of value
Dew-point temperature, Ty *C ; —B0 = Ty =70 0.2
; —To=Ty —35 1
[ —35 =T +80 004
|
Relative humu:hl.}.. RH (%) a1 1est chamber 1empera- |
e T (°C
-35= T,;:' 40 3-48 1.5
-4 = T —20 30 0.8
=M =T 0 3-08 0.4
0= T +B0 308 0.2

* Thr eatimaled binds to syscmadic emor ple thees mes the gamlanl devialion.

the=e times the standard deviation for the parameters of the
pressure, temperature and enhancement factor. The esti-
matee of the maximum uncertainty of 1he generator are listed
in table 5. The magnitude of the uncenainties for the new
generalor is al least 50 percent less than current estimated
uncenainties used for hemidily at the Nationa! Burean of
Standards [3].

Work is still in progress on the development of an interface
between the generator and a minicompuler and on Lesling Lhe
generalor for subalmpspheric prossure operation. I s also
planned 1o exiend the intercomparison Lesta with the standard
hygrometer at both higher and lower humidities.

We wish to express our gratitude 10 R. W. Hyland for the
operation of lhe NBE Standard Hygromeler, Lo the members
of the WBS Shop Division and in patticalar 10 W. Koepper
(now retived) and to B. Beuchert for Lthe fabrication of the
generatoy, and o L. Marzena for building the a.c. thermome-
ter bridge.
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