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Abstract. The relationship of contaminant gas concentration distribution influence on cross diffusion

character and level among temperature, humidity and contaminant gas concentration was obtained
according to the non-equilibrium thermodynamic theory. The cross diffusion character and level under

different contaminant gas concentration distribution were discussed, combining real temperature and

humidity in building room. The results show that temperature grads and vapor mass grads are less than zero
when contaminant gas mass grads and additional diffusion coefficient are both positive or negative,
otherwise the two grads are more than zero. And the higher the initial temperature and humidity levels, the
greater the absolute values of temperature grads and vapor mass grads, with the same contaminant gas mass
grads and additional diffusion coefficient. While the influence of initial temperature level is finite, and that

of initial humidity level is remarkable.

1 Introduction

Gas pollutants are affected by multi-physical fields
(temperature field, humidity field and self-concentration
field) in the process of diffusion and transmission. Its
diffusion and migration characteristics are not only
related to its own concentration distribution, but also
affected by the distribution characteristics of temperature
and humidity[1-3]. The reason for this effect is that the
coexistence of multiple physical fields not only makes
gas components self-diffusion, but also is affected by
cross-diffusion[4-5].Therefore, the correct understanding
of the characteristics and level of cross diffusion of
indoor gas pollutants is one of the prerequisites for
effective control of gas pollutants. Based on irreversible
thermodynamic analysis [6], this paper focuses on the
influence of pollution gas concentration distribution
characteristics on the cross-diffusion level.

2 Cross diffusion transfer relationship

For an irreversible process in a non-equilibrium
thermodynamic system, there is the following
relationship  between thermodynamic flow and
thermodynamic force, as shown in equation (D).
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In the linear non-equilibrium reglon, ignoring the
higher-order terms can get equation (2).
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In the equation, phenomenological coefficient
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According to the transformation relation of n
components to (n-/) components, the corresponding
thermodynamic force is written in the form of Equations

(4) and (5).
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T -- Thermodynamic temperature

4 -- Chemical potential

@; -- Mass percentage of j component

Therefore, the corresponding entropy production rate
can be expressed as equation .
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Thus the correspondmg linear phenomenological
equations are equations (8) and (9).
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The corresponding Onsager reciprocal relations in
equations (8) and (9) are equations (10) and (11).
L, =L, (10)
Ly =L, (D
According to Curie's theorem, there are cross-effects
in the corresponding thermodynamic forces in the
diffusion and transfer process of building space heat,
water vapor components, and polluting gas components.
Without considering other thermodynamic forces, the
corresponding diffusion flows can be obtained as
Equations (12), (13) and (14) respectively.

J, =L, X +L,X,+L,X, (12)
J,=L X +L X, +L X, (13)
J =L X +L X, +LX, (14)

According to equations (4) and (5), the forms of each
thermodynamic force in equations (12), (13) and (14)
can be obtained as equations (15), (16) and (17).
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h,c -- Mass fraction of water vapor component and
pollutant gas component.

In order to replace the phenomenological coefficients
in equations (12), (13) and (14), the following
coefficients are introduced in equations (18) - (26).
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Substitute the above coefficients into equations (12),
(13) and (14) , equations (27), (28) and (29) can be
obtained.

J,==phTD,Nc¢—pcTD,Vh—AVT (27)
J, =—phTD,NVc—pD, Vh—p(1—c—h)hD, VT (28)
J, =-pD Vc—pcTID, Vh—p(l1—c—h)cD VT (29)

Therefore, the transfer relationship including the
cross-diffusion effect in the process of building space
transfer is established.

3 Influence of concentration distribution
on the level of cross diffusion

The distribution characteristics of indoor pollutant gas
concentration have two effects on the cross-diffusion
transfer process. On the one hand, the diffusion
additional thermal effect is caused by the concentration
gradient of pollutant gas. A temperature gradient is
formed under the action of diffusion plus thermal effect.
The diffusion heat flow in the opposite direction to the
diffusion additional heat effect is produced by
temperature gradient. On the other hand, the
concentration gradient of pollutant gas will also cause
water vapor component to produce diffusion effect.
Humidity gradient is formed under the action of
diffusion effect of diffusion additive. The humidity
gradient produces mass diffusion in the opposite
direction to the diffusion effect. When the diffused heat
effect reaches equilibrium with the diffused heat flow in
the opposite direction and the diffused additional mass
diffusion effect reaches equilibrium with the mass
diffusion in the opposite direction, the whole
thermodynamic system is in a stationary state. Therefore,
in order to analyze the influence of room pollution gas
concentration distribution characteristics, cross diffusion
coefficient is introduced, as shown in equations (30),
(31), (32) and (33).
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Meanwhile, according to the steady-state

characteristics, the following equations are obtained.
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Thus, from equations (27) and (29), equations (36)
and (37) can be obtained.

phTDu NVc+ pcTDu, Vh+VT =0 (36)
hTG,Nc+Vh+(1—-c—-h)hS, VT =0  (37)

Since T and H in equations (36) and (37) are formed
based on C, the second term on the left in equation (36)
and the third term on the left in equation (37) are small
quantities compared with other terms and can be
approximately ignored. Thus we can get equation (38)
and equation (39).

VT =-phTDu,Vc (38)
Vh=-hTG Ve (39)

Based on the actual fluctuation range of indoor
temperature and relative humidity, the initial indoor
temperature level and humidity level are determined in
accordance with 6 scenarios, as shown in Table 1.

Table 1. Initial temperature and relative humidity level

situation Temperature /°C Humidity /%
1 20 60
2 26 60
3 30 60
4 26 40
5 26 60
6 26 80

Figure 1 and Figure 2 respectively show the
influence of the pollution gas concentration distribution
characteristics on temperature distribution and water
vapor composition distribution under the effect of cross
diffusion for six situations listed in Table 1.

Duct

Situation 3
Fig. 1. Influence of temperature distribution

As can be seen from Figure 1, when V¢ is less than
zero, if the Du,, is greater than zero, then the additional
diffusion heat flow direction is opposite to V¢, and the
temperature gradient VT is greater than zero. If Du,, is
less than =zero, the additional diffusion heat flow
direction is the same as Vc¢ , then the resulting
temperature gradient VT is less than zero. For the case
that V¢ is greater than zero, combined with the positive
and negative of Duct, it can be inferred that the sign of
VT is opposite to the result when c is less than zero. At
the same time, V7 formed by the additional thermal
effect of diffusion will produce self-diffusion, which is
opposite to the direction of additional thermal diffusion.

When the process time reaches characteristic time, self-
diffusion and diffusion-additional thermal diffusion
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reach equilibrium, and the system behaves in a steady reaches characteristic time, self-diffusion and diffusion-
state. additional thermal diffusion reach equilibrium, and the
system behaves in a steady state.

x 10°°

4 Conclusion

Based on irreversible thermodynamic analysis, the
relationship between the distribution characteristics of
indoor pollutant gas concentration in buildings and the
cross-diffusion level and characteristics is established.
When the pollutant gas composition gradient and the
diffusion additional diffusion coefficient have the same
sign, the temperature gradient and the water vapor
composition gradient formed are less than zero,
otherwise the temperature gradient and the water vapor
Situation 4 composition gradient formed are greater than zero.
Under the same pollutant gas composition gradient
and the additional thermal effect of diffusion, the higher
the initial indoor temperature level, the greater the
absolute value of the temperature gradient formed, but
the influence of the initial temperature level is limited.
Under the same pollutant gas composition gradient
and the diffusion effect of diffusive additives, the higher
the initial indoor humidity level, the greater the absolute
value of water vapor composition gradient, and the
influence of the initial humidity level is significant.
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Situation 6
Fig. 2. Influence of water vapor composition

It can be found from Figure 2 that when V¢ is
greater than zero, if G, is greater than zero, the direction
of the diffusion flow of water vapor components is
opposite to V¢ , and the resulting V/ is less than zero.
If G, is less than zero, and the direction of the diffusion
flow of water vapor components is the same as c, the
resulting V/ is greater than zero. For the case where
V¢ is less than zero, combining the sign of G, it can
be inferred that the sign of V/ is opposite to the result
when V¢ is greater than zero. Moreover, VA formed
by the diffusion effect of diffusive additive will produce
self-diffusion, which is opposite to the diffusion
direction of diffusive additive. When the process time



