Appendix B Calculation of PQ,in Water Equilibrated with
a Mixture of Room Air and Nltrogen

E. Gnaiger!

When gas A is dry air and mixed with an oxygen-free dry gas or gas mixture B (e.g.,
N, ), then the Po, in water equilibrated with this gas mixture is

:(bp _leO’Ts)X ¢A X ¢'*1: (1)

where | p is barometric pressure [kPa], PH,0,T is the saturation water vapor pressure
at the temperature of the water sample, ¢ 4 18 the volume fraction of gas A in the gas
mixture leaving the gas mixing pump,

Da P
6, =—2 and1—gp, =—B @)
P AP
q%l is the volume fraction of oxygen in dry air which can be taken as constant

q% L 0.20946.

It may be more convenient to use room air instead of dry air. Then gas A contains
walter vapor proportional to the relative humidity, r,,, of room air,

PH,0,A ~ rl1xPH20,TA’ @)

where Py, 0,a is the water vapor pressure in room air, and Py, 0,1 is the saturation
water vapor pressure at room temperature. The Po, in room air is therefore a function
of r, and T

o _ *

Po,.A (bp Pi,0,a) % 95, - “)
According to Eq. (2), the water vapor pressure and oxygen pressure respectively in the
gas mixture leaving the pump are

Pu,oM =~ PAXPy,0a ©)

and
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po M =¢AXPO A (6)

We cannot apply Eq. (1) 1pr oM~ 0.
To derive the appropriate algonthm we may regard room air as a mixture of three
components,

(N

and we may express the pressure of the fraction of air not containing water vapor and
OXygen, py , , by combining Egs. (4, 7),

wP =Px.a *Pu,0.4 TPo, A

pX,A :(bp _szo’A)X (]- - ¢62) (8)

The pressure of gas not containing water vapor and oxygen in the gas mixture leaving
the pump is

Pxm = Pp T 94 X Pxa ©)
Recalling Eq. (2),

Py = (1—9)% yp (10)
and inserting Egs. (8, 10) into (9) yields after rearrangement

Pxm “uP X (L =0, X 68 ) =Py o.a X 84 % (1 =65 )- (11)
The total pressure in the gas phase leaving the pump is then

o? = Px M TPu,om TPo, M ' (12)

What is the Po, after saturating this gas mixture with water vapor at 7,7 When the
water vapor pressure is brought from Py, oM to Py, o0, T then the total pressure re-
mains constant, hence

p = (pX,M +p02,M) X x-l-pHQO,T (13)
S
and
v’ ~Pu,o,r v? ~Py,o0,T
x = = —— (14)
Pxm "Po, M P~ Py, 0,4 X Pa

[see Eqgs. (4, 6, 11) for obtaining the second expression]. The p in solution equals

Po, = Po, m X% (15)

Inserting Eqs. (4, 6, 14) in Eq. (15) we finally get

bp _pHZO,A . (16)
v? ~PH,0,4 % %A

Po, = &P~ Py 0,1 )X 94 X 95, X

Thus we derived a correction factor, f for Eq. (1)
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p-p 1—¢
b Hz O,A = lileo,A X A 3 (17)
v? " PH,0,4 X Pa b? “PH, 0,4 X Pa

equals 1 when ¢, =1, ie., for saturation with water saturated air Eq. (1)]. Since
r % A ; X
it PH,0,A X ¢4, We may neglect the term Pu,0,A X ¢, in Eq. (17) to obtain
the simple approximation

~ 1 1% 18
e ®1=pg gaX - 17 %,04% % (18)

Equation (18) approximates [, to better than 1% for low volume fractions of air,
¢, < 04, or high volume fractions of gas B, ¢y = 0.6. This shows that the correction
factor, [, 18 linearly dependent upon the volume fraction of water vapor in air,
?H,0,A>and the relative volumes of the two gases mixed by the pump.

In practice this means that the error encountered by neglecting the correction
factor for Eq. (1) increases with room temperature and relative humidity of air. It
becomes relatively more important when working at low air saturations, and increases
slightly with altitude (with decreasing barometric pressure). Under normal laboratory
conditions and at air saturations set below 50%, errors from 1% to 3% result from dis-
regarding f, (Fig. 1). Hence the significance of the correction for PH,0,A I8 similar
to that of the correction for Py,0,T in Eq. (1) which is generally accounted for.
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Fig. 1. Correction factor for Eq. (1), fr’ and error of Eq. (1) asa function of relative humidity of
I00Mm air, I and room temperature (numbers in °C) when 10% room air is mixed with 90% of an
oxygen-free dry gas



