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MODELING OF PASSENGER COMPARTMENT WARMING-UP
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Summary. In the article theoretical bases of calculation of the mode of warming up of salon of car are
improved.
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INTRODUCTION

Operation of passenger compartment heating system starts with a warming-up
mode, when the air temperature and the temperature of surfaces in the passenger
compartment are equal to the outer temperature. According to requirements [1,2,3] at an
outer temperature of up to 248 Kelvin, the heating system must provide a certain air
temperature in the passenger compartment in 15 minutes after the start of the car
motion. Before the motion start the windshield glass must be ice-free, requirements
[1,2,3]. With the purpose of determination of rational parameters of the heater and
fulfillment of the above-mentioned requirements one needs mathematical formulation of
the passenger compartment warming-up mode and analysis of the influence of
constructional and operating conditions of the heating system on the warming-
up period. A solution of the mentioned problem consists in definition of dependence of
the passenger compartment temperatures of air and walls upon the warming-up period,
taking into consideration constructional peculiarities of the heating system.

RESEARCH OBJECT

While conducting analytic description of the heating mode one accepts some
assumptions, which allow simplifying calculation: the walls of the passenger
compartment are considered to be flat and homogeneous, the heat-transfer process
occurs only throughout the thickness, temperature distribution throughout the wall
thickness is defined by linear dependence at every instant, the coefficients of walls heat
conductivity are considered to be constant, the air in a cab is heated simultaneously
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throughout the whole volume, the temperature of air, which comes out of the passenger
compartment via air outlets and clearances, is taken to be equal to the temperature of
interior surfaces of opaque walls.

RESULTS OF THEORETICAL RESEARCHES

When heating system is operated at nonstationary heating mode of passenger
compartment, the heat which is given away by the heater to passenger compartment
goes to heating the passenger compartment, the walls and the seats. Part of the heat is
lost with the air going out through ventilation outlets and by way of heat-transfer
process via the passenger compartment walls. To take into account the heat incoming
and outgoing in the passenger compartment we write down heat-balance equation of the
passenger compartment, on the left side of equation we write down the heat, which is
used to heating the air in the passenger compartment, and on the right side of equation
we put down the difference between the heat, which comes into the passenger
compartment from the car heating system and the heat, which is lost through the walls
and with the outgoing air. While making calculation of passenger compartment
warming-up, one should make a point of elimination of glasses ice-covering and their
warming-up. Thus it is worthwhile to divide the heat flux, which passes through the
walls of the passenger compartment, into two parts: one of which passes through the
glass, and the other passes through the opaque walls. Then the heat-balance equation for
nonstationary warming-up will be as follows [1]:
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where: p, - air density in the passenger compartment, kg/m’,
¢, - volumetric heat capacity of air, J/(m*K),
V, - inner void volume of the passenger compartment, m”,
T, — average air temperature in the passenger compartment, K,
T -time, s,
G, - air consumption in the heating system, m?/s,

n

T, - air temperature at an outlet from the heat exchanger, K,

(1)

o, - heat-transfer coefficient to the inner walls of the passenger compartment,
watt /(m*K),
S, — area of the passenger compartment opaque walls, m>,
T; - temperature of the inner surfaces of the passenger compartment opaque walls,
K»
S, — glass area, mz,
T, - temperature of the inner surfaces of glass, K,
.Q - summarized heat incomings from electric accessories in the passenger
compartment, the driver, passengers and the engine, watt,
Ts - temperature of surfaces having clearance, K,
T - temperature of outer air, K.
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In equation 1 the average air temperature in the passenger compartment T,, the
temperatures of the inner surfaces of the opaque walls T; and glass T, are the
time functions.

Heat power Q,, which is given away to the walls of the passenger compartment,
can be written down as a sum of a heat power passing through the wall, and a
heat power spent for wall heating:
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where: Qp; - heat power, which passes through the wall and withdrawn to the
environment, watt;
Q2 - heat power, which is spent for wall heating, watt.
Heat power, which is spent for cab wall heating:
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where: ¢, - volumetric heat capacity of the passenger compartment wall, J/(m*K),

V| - passenger compartment walls volume, m’,
T, - temperature of the outer surfaces of opaque walls, K.
Heat power, which passes through the walls:
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where: A, - heat conductivity coefficient of the wall, watt /(m-K),
a3 - heat-transfer coefficient from the outer walls of the passenger compartment,
watt /(m*K),
We shall plug 3 and 4 in the equation 2, then taking into consideration 5 we
shall obtain:
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While calculating warming-up of glass it’s necessary to take into consideration
the heat, which is spent for ice melting Qj;:
_ C3m3 (273,15 - T6) + Kiml-

Q3 - : (7)

where: c; - heat capacity of ice, J/(kg-K),
m; - ice mass, kg,
A; - heat of liquefaction of ice, J /kg,
T; ~glass defrost time, s.
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While cooling-down of the passenger compartment, the cooling rate of glasses
is higher then the cooling rate of opaque walls, hereupon all the water steam is
condensed just on them. Ice mass on the glass is calculated according to the formula:
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where: d, - humidity rate, g/kg;

m, — air mass in the passenger compartment, kg.

Humidity rate and the air mass in the passenger compartment are determined at
T, =288 K, which must be maintained according to the requirements [3] and relative
humidity 70%.

Heat power, transferred to the glasses with regard for their defrosting:
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Equations 1, 6 and 9 form a system, which describes nonstationary heating mode
of the passenger compartment:
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System of equations 10 consists of three differential equations of the first order
and contains three unknown functions T, = y,(t), T3 = y;3 (1), T4 = y4 (1). The system is
solved by Rhunge-Kut method at initial conditions: 7,=T;=T,=T, and

boundary conditions: T, > 0 ; engine coolant temperature T, =313K .

In order to estimate the adequacy of the cited mathematical model, a theoretical
dependence of the average air temperature changes in the passenger compartment and
the temperature of the inner surface of glass on the period of warming-up at T = 269K
was obtained, which is used with the corresponding data of experimental results.
Experimental value of F-ratio test is less then the tabular one, which confirms the
adequacy of the mathematical model.
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CONCLUSION

Thus, the cited theoretical researches allowed to develop a universal
mathematical model, which adequately describes the operation of the heating system in
the warming-up mode of the passenger compartment of any car on the parking lot or in
motion, and a stationary operational mode as well. The task set — researches of the
influence of changes of thermotechnical characteristics of the heater on the process of
the passenger compartment warming-up and steady air and surface temperature in the
passenger compartment is solved with the help of this mathematical model. This
permits to choose the most rational constructional and operating parameters of the
heating system operation.
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