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Fig. 1 Schematic diagram of the material balance
of air pollutants in an environmental control
chamber.

C; : gas concentration of fresh air

Cy © gas concentration of room and exhaust
air

F; : air flow rate of fresh air

Fy : air flow rate of exhaust air

R : reaction rate which depends on gas
concentration

P : gas sorption rate of plants

U : manipulated variable

D : disturbance
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Fig. 2 Block diagram of DDC system.

GS : gas storage
ST : stabilized power supply
DIT : discharge tube '
MFC : mass flow controller
ACF : active carbon filter
SU : gas sampling unit in growth room
OGA : Oy gas analyzer
NGA : NO, gas analyzer
DCS : digital computer system
GC : gas jet unit in control chamber
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Fig. 3 Schematic representation for the evaluation
of measurement error. 4 U denotes changes of
manipulated variablﬁ, and — 4U is net sorp-
tion rate (4P). 4P denotes sorption rate
calculated from Eq. (6), (cf. Eq. (11)). In the
experiments, 4U is manipulated as a step or
lamp mode, and reliability of 4 P is evaluated
by IAE (Eq. (8)).
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Fig. 4 NO, reaction rate (RV92) and Oj; reaction
rate (R®3) in the chamber. (a) and (b) were
obtained from experiments in which NO,
concentration was varied and O3 concentra-
tion was maintained constant. (¢) and (d)
were obtained from experiments in which O3
concentration was varied and NO, concentra-
tion was maintained constant.
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Fig. 5 Relation between O3 concentration (C23)
and the ratio of reaction rate to NO, con-
centration (R/C4Y°?). The data are obtained
from the results in Fig. 4.
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Fig. 6 Influence of air conditions on reaction of
NO, and O;. Mass flow rates of NO, and O,
(U) were maintained constant.
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Fig. 7 Time course of NO, concentration and O
concentration, when air temperature, humidi-
ty, temperature on coil surface and mass flow
rates of NO, and O; were maintained
constant.
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Fig. 8 Effect of reaction term (B-X,) on sorption
rate (P, ). The sorption rates of (a) and (c) are
calculated from A-x, +B-x,,, and those of (b)
and (d) from 4 x,,.
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Fig. 9 Effect of differential term (C-z,) on sorp-
tion rate (Pp). (a) and (b) are obtained in
steady-state, and (c), (d) and (e) in transient
conditions (Fig. 3), where the sorption rates
of (a) and (c) are calculated from Egq.(11),
those of (b) and (d) from 4-x, +B-x,, and
that of (e) from A-x,. Parameters: Ty, 30
min; Ty, 20 min; dUnod, 2.4x1075 g-s7!;
NO, concentration, CyN02, 2.3 volppm; O,
concentration, Cd?3, 0.4 volppm.
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Fig. 10 IAE in transient conditions. The sorption
rate is calculated from Eq. (11). Parameters:

Ty, 20 min; dUNGE, 2.4x107% g-s™': NO,

concentration, CgN®2, 2.3 volppm; O; con-

centration, G493, 0.4 volppm.
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Fig. 11 Flow chart for simultaneous measurement
of air pollutant sorptions. Cy, and Cy,, inthe
figure denote gas concentrations in steady-
state. Cy, is the initial value and Cq, is the
value after plants are removed from the
chamber.
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Fig. 12 Example of simultaneous measurement of
transpiration rate, NO, sorption rate and O;
sorption rate of plants. Conditions: air tem-
perature, 30°C; humidity, 60% RH; light

intensity, 40 klux; NO, concentration, Cd;"oﬁ

about 2volppm; O; concentration, C,;93,
about 0.5 volppm.
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Summary

A method for simultaneous measurement of NO, and Oj sorption rates of plants in an environ-
mental control chamber was examined. Namely, NO, and Oj; reactions in the chamber were identified
and an equation for calculation of the sorption rates, which took the reactions of gases into con-
sideration, was examined. The results obtained were a3 follows.

(1) NO, reaction rate RN°2 and Oj reaction rate R93 in the chamber were given by

RNOz:kN()z . CdN02 'CdO(; ,
and
RO3 -’—‘k03 . CdN02 . Cd03 ,

where kNO2 is the rate constant of the NO, reaction, k93 is the rate constant of the O3 reaction,
CH¥°? is the NO, concentration and C23 is the O3 concentration. The value of &N¥°2 was about
17.5 m®-g=' s and £©3 was about 9.5 m® g '.s7!, and these values were slightly influenced
by the air conditioning system. The results were nearly equal to the rate constants of the reactions
of NO, + Oy = NO3 +0, and NO, +NO, +H,0 = 2HNO,.

(2) An equation for the calculation of gas sorption rates in NO, + O3 was given by

ﬁth'xh‘f’B'xh‘f'C‘Zh,

where,
P[], e[S, (st
4P 4C5 4CH —4Cys2,
A:[—F o]y B:[—kNO2-Cd"3 —k”oz.chon Cz[—V/r o}
0 —F k% . CP1 g0 .o NO J 0 Vs’
and

4Cu,=1(2T=7)/ (2T +7)} +4Cysy_ i+ {1/(2T,+7)} +(4Cy, +4Cq,_,),



B % S =

and where 411?';,'\102 is the NO, sorption rate, Aﬁh% is the Oy sorption rate, F is the ventilation flow
rate, V is the volume in the chamber, 7 is a sampling time, 4CN°7 s the change in NO, concentra-
tion from the initial condition and 4C;”3 is the change in O; concentration. The suffix # denotes
the values at time h- 7 and S denotes the values in the steady-state before plants are placed in the
chamber. The reaction term B-x, and the differential term C.z, in the equation are correction terms
to obtain the exact sorption rates. The B-x, term corrects the static characteristics, and the C-z,
term corrects the dynamic characteristics. As an example, the effect of B-x, on static characteristics
was examined. If B-x;, was not considered, errors in the measurements of the sorption rates would
be 20% of dUna? and 30% of dUS3,, where 4UN92 and 4U23, are given in Fig. 3. By considering
B.xp, the errors were reduced to 5%. Effects of the €.z, term on dynamic characteristics were also
examined. The effect of C-z), depended upon the time constant T, of the digital filter and noise of
the process and the gas analyzer. In the steady-state, the errors were increased by C-z,. However,
increase of 7, tended to reduce the noise, because the noise was smoothed by the filter. In transient
conditions, the error was increased by the noise, like steady-state with small T, and also by the lag
time of the filter in the case of large 7. By choosing an optimal T, however, the error was reduced
to within 10% (JAE/ 4U ) to changes in dP/T,,-Cy, = 0.9x1078 g~ 2-s-volppm™', where 7, was
given in Fig. 3. In the system, the optimum value of T, was found to be 1~2 min.

(3) Rates of transpiration, NO, sorption and O; sorption were measured simultaneously. The
fastest change of gas sorption rate of plants was approximately 1.5x107°% g.s72 -volppm™'. Therefore,
the method of measurement and the system described here may have satisfactory dynamic charac-
teristics.





