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Statement of the problem. In modern industry, clean room technology is commonly used to monitor the state of the air. The use of toxic gases in clean rooms might result in emergencies that call
for emergency ventilation. In order to calculate the emergency air exchange, it is necessary to design a model of emergency air exchange considering a significant number of influencing factors.
Results. The model of emergency air exchange for a clean room is developed based on the equation of material balance on the harmful gas allocated from the equipment in case of an emergency.
The solution of the model of the emergency air exchange for a clean room is obtained allowing the
concentrations of harmful gas to be calculated depending on a specific emergency. The properties
of the resulting solution are investigated. The concept of accumulating capacity of the ventilated
room is introduced and the influence of accumulating capacity on change of concentrations of
harmful gas is evaluated.
Conclusions. The performed calculations allow one to understand the processes of development of
an emergency situation in a clean room more profoundly and to allow for these risks while designing emergency ventilation of clean rooms.
Keywords: clean rooms, emergency ventilation, emergency, storage capacity of the ventilated room, concentration of harmful gas.

Introduction. Clean rooms are used in industry to stipulate strict control of the state of the air
environment (i.e., the amount of dust particles in the air, temperature, humidity, etc.). Cleanrooms are used in production of electronic components such as integrated circuits and hard
drives; in the field of biotechnology and medicine, clean rooms are employed when it is essential
to provide the air environment free from bacteria, viruses or other pathogens [6, 12, 13, 19, 24].
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Cleanrooms are particularly designed as controlled enclosed spaces where the parameters of
the air environment are maintained within specified limits. The general requirements for clean
rooms are formulated in ISO 14644. The design of clean rooms is much more diverse than
traditional temperature and humidity control, and must take into consideration multiple requirements of the technological equipment. Thus, manufacturing of electronic components
can be accompanied by the release of a large amount of potentially harmful vapors and gases
[9, 15, 18, 21, 22]. In production of electronic components using the epitaxial growth technology, toxic gases such as arsine (AsH3) and phosphine (PH3) can be utilized as dopants.
Exposure to these harmful gases might cause long-term health problems for staff members
[4, 10, 16, 17, 20, 23].
Employers might also be subjected to regulatory sanctions. Under these conditions, an important task is to identify the required emergency air exchange when harmful gases escape
from the equipment into a free volume of the room.
1. Mathematical model of emergency air exchange. For the calculated emergency, the
release of harmful gases from the equipment under pressure will be considered. As a model
of emergency air exchange for a clean room, the differential equation of the material balance for the harmful gas released from the equipment in the event of an emergency are used
[2, 3, 11, 14]:

Gd   Lcd   Vdc,

(1)

where G is the rate of release of harmful gas from the equipment in the event of an emergency
into the volume of the clean room, kgsec-1;  is the time, seс; L is the amount of air removed
from a clean room, m3sec-1 ; c is the gas concentration in a clean room, kgm-3; V is the volume of a clean room, m3.
The equation (1) can be transformed as follows:
dc
G
 kc   0,
d
V

(2)

where k is the frequency of air exchange in a clean room , seс-1.
The initial conditions for solving the ordinary differential equation (2) will be the concentration of harmful gas at the initial moment of time. Let us consider the most unfavorable case of
isothermal gas expansion in the equipment, then the consumption of harmful gas during its
outflow from the equipment is given by the dependence [1, 5, 7, 8]:
G  G0 e a ,
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where the initial gas flow rate G0 and the coefficient a are given by the formulas:
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where F is the area of the hole through which the harmful gas flows out, m2; P0 is the initial
pressure in the equipment, Pa; Vvol is the volume of equipment filled with gas, m3 ;  is the gas
adiabatic index; R is the universal gas constant, J·deg-1·kmol-1 ; T is the gas temperature in the
equipment, K; µ is the weight of a kilomole of gas, kgkmol-1.
2. Results of calculations using the emergency air exchange model for a clean room. Substituting (3) into (2), we get:

G
dc
 kc  0 e  a  0 .
d
V

(4)

Solving (4) under the initial conditions  = 0, с = 0, we get:

c

G0 k
e  a  e  k   .

L k a

(5)

Expression (5) describes the change in the concentration of harmful gas in the volume of the
clean room depending on the properties of the harmful gas, the parameters of the outflow of
the harmful gas and the parameters of emergency ventilation.
The graph of the change in the concentration of harmful gas in the volume of the clean room
calculated by the formula (5) is shown in Fig. 1. The concentration of harmful gas increases
from 0 to its maximum value, and then goes up and asymptotically approaches 0.
Let V0, expression (5) is transformed as follows:

c

G0  a
e .
L

(6)

A change in gas concentrations in the volume of the clean room,calculated using formula (6) is
shown in Fig. 1.
The important parameters of emergency ventilation are the value of the maximum concentration of the harmful gas and the time to reach the value of the maximum concentration of
the harmful gas. Let us examine the concentration of harmful gas in the volume of the clean
room (5) to the maximum:
dc
 0.
d
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Fig. 1. Changes in the concentration of harmful gas in the volume of the clean room:
is a change in gas concentrations in the volume of a clean room according to the formula (5);
is a change in gas concentrations in the volume of the clean room at V0 according to the formula (6)

Then

ae  a  ke  k  ,
by tranforming we get
max 

1
a
ln .
ak k

(7)

Inserting (7) into (5), we get:
cmax
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(8)

The intersection of the graphs of functions (5) and (6) occurs at the maximum point of function (5):
k
e  a  e  k    e  a ,

k a

hence


1
a
ln  max .
ak k

Fig. 2 shows two graphs of changes in the concentration of harmful gas in the volume of the
cleanroom calculated using the dependencies (5) and (6). They intersect at the point of maximum concentration of harmful gas with the coordinates (max, cmax).
The analysis of Fig. 2 shows that the ventilated room until the moment of time max accumulates in its volume a certain amount of gases, and then gives them away. Let us define the
storage capacity of the ventilated room.
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Fig. 2. Storage capacity of the clean room:
is the gas accumulation area;

is the gas release area

Area 1 in Fig. 2 multiplied by L is the storage capacity of the clean room. Area 2 in Fig. 2
multiplied by L is the mass of the released gas.
Let us calculate the mass of the accumulated gas:
 max
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The mass of the released gas is
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In line with the expectations, the amount of the accumulated gas is equal to the amount of gas
discharged.
3. Storage capacity of the volume of the ventilated room when harmful gas enters it from
the equipment under pressure will be:
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The ability of the volume of the ventilated room to accumulate harmful gas reduces the maximum concentration cmax and increases the time it takes to reach max.
Conclusions. Clean room technologies are currently frequently used in various industries to
ensure the required parameters of the air environment. In clean rooms, emergency ventilation
must be provided as technological processes can use toxic gases.
Based on the differential equation of material balance for harmful gas, a model of emergency
air exchange for a clean room has been developed. For a calculated emergency, the release of
harmful gases from the equipment under pressure is accepted.
The solution is obtained in the elementary functions of the emergency air exchange model for
a clean room. Therefore a new concept of the accumulating capacity of a ventilated room has
been introduced. An increase in the storage capacity of a ventilated room causes a decrease in
the maximum concentration of harmful substances from the equipment under pressure.
The use of the concept of the accumulating capacity of a ventilated room will simplify the
calculations of general exchange and emergency ventilation for rooms with non-stationary
sources of hazardous substances.
The results shed more light on the development of an emergency in a clean room and enable
one to calculate the parameters of emergency ventilation in clean rooms.
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