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Measurement of Air Humidity for Modeling and Control
of Biological Process

XU Qin-min
(College of Bioengineering and Food Science, Hebei University of Science and Technology, Shijiazhuang 050018)

Abstract: The humidity of air ventilated into the aerobic fermentation , a biological process, has sig-
nificant effects on the oxygen transfer rate, the respiration and growth of microbial cells, the volume
of fermentation broth, and the dilute rate of fed batch culture. Also, it influences fermentation yield
ultimately. When modeling the biological process, calculating immeasurable variables, and carrying

out automatic control for aerobic fermentation, the measurement and control of air humidity must be

taken into account since a big deviation will be got if the air humidity is ignored.
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Tab.1 Composition of atmosphere at the sea level
H AR SFR BERSE Y RESE %
e N> 78. 08 75.50

= 0, 20. 95 23.14

i Ar 0.93 1.30

AR CO, 0.03 0.05

= Kr 0. 0001 0. 028

i Xe 0. 00001 0. 005

8 Ne 0. 0018 0.0086
A He 0. 0005 0. 000056
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Tab. 2 Saturated water vapour volume fraction ( n,ﬁ ) and

saturated water content( H ) in air at various tem-

perature( )

v C H 7 (kg K/ kg FE5) nw/ %
—5 0.0025 0.40
0 0.0038 0.60
5 0.0054 0.86
10 0.0076 1.21
15 0.0106 1.67
20 0.0145 2.29
25 0.0200 3.13
30 0.0271 4.19
35 0.0365 5.55
40 0.0487 7.28
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Tab.3 Ratio of oxygen partial pressure at various tempera-

ture and relative humidity in air

o FHXTE S/ %
ey C
30 50 70 90

0 20.91 20. 89 20. 86 20. 84
10 20.87 20. 82 20. 77 20.72
20 20.81 20. 71 20. 61 20.52
30 20. 69 20. 51 20. 34 20.16
40 20.49 20. 19 19. 88 19.58
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Tab.4 Effect of the air humidity on oxygen transfer rate

I A AT S A R
=N % *
L $7 % noz/% C(,z/ (moV m*) ( C,),* COZ)/(mO]/m3) vorr/ (moV (m>*h))
10 30 20.87 0. 2516 0.1516 30. 32
20 60 20. 66 0. 2490 0. 1490 29. 80
30 90 20.16 0. 2430 0. 1430 28. 60

VE: W k=200 h 1, Co=0. 1 mol/ m®, KRB E S 0.2 M Pa, KB 105 F % $09 0. 1659 MPa® m®/mol.
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Tab.5 Effect of the air humidity on respiratory activity of microbial cell in biological process

B/ (e AR Ny, i Nw, o Mo, i Moy o Ney o0 ni i ni, o R02 RCO2 RQ
15 30% 0.0050 0.0313 0.2085 0.1905 0.0125 0.7862 0.7657 34.55 34. 38 0.9951
25 90% 0.0282 0.0313 0.2036 0.1952 0.0078 0.7679 0.7657 21.00 20.95 0.9978
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Tab. 6 Dependency of the water evaporation rate on ventilat-

ed air humidity in biological process

‘ SRR %
SRR C
30 60 90

0 0.00146 0.00137 0. 00128
10 0.00137 0.00119 0. 00101
20 0.00121 0.00087 0. 00053
30 0.00093 0.00031 —0.00032
40 0.00047  —0.00061  —0.00169
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