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Abstract. The results show that the use of CFD software to simulate the ventilation and heat
dissipation of the trailer power station cabin, Get the flow field and temperature field in the cabin,
The position of the highest temperature in the vehicle cabin can be determined quantitatively, which
provides a useful reference for the design of the cabin structure of the trailer power station and the
arrangement of the equipment in the vehicle. Moreover, the simulation results are in good
agreement with the experimental results. It shows that the selected Realizable k-¢ Turbulence Model
can more accurately simulate the air flow field in the cabin of the trailer power station. It also shows
that the model simplification method used in the calculation and the setting of analytical conditions
are reasonable.

Annomayus. Pe3ynbraThl IOKa3bIBAaIOT, YTO MCIIOJIB30BaHHE IIPOrPAMMHOIO OOECIEe4eHUs
CFD pnna mozenupoBaHUs BEHTHIALMHM M PACCEMBAaHUS TelJla B KaOWMHE CUIIOBOM YCTaHOBKH
npulena, NOJTy4YeHUe IMOoJs MOTOKa W MO TeMIIepaTypbl B KaOMHE, MOJIOKEHHE caMoil BBHICOKOM
TeMmreparypsl B KaOMHE TPAHCHOPTHOTO CPEACTBA MOXKET OBITh ONpPENENEeHO KOJIMYECTBEHHO, 4TO
COAEPXUT TMOJIE3HYI0 HHQOPMALMI0 O KOHCTPYKIMHM KaOWHBI MPHUIENHON 3JIEKTPOCTaHIUHN U
pasmelnieHMH 00opynoBaHus B aBroMoOmie. Kpome Toro, pesynbTaTbl MOAECIUPOBAHUS XOPOILIO
COIVIACYIOTCS C HKCIIEPUMEHTAIbHBIMU pe3ylibTaTaMH. JTO MOKa3bIBaeT, yTo BeIOpaHHas Realizable
k-¢ Mozenb TypOyJaeHTHOCTH MO3BOJISIET Oosiee TOUHO MOJEIUPOBATh I0JI€ BO3AYLIHBIX ITOTOKOB B
KaOMHE MPHUIENHON 3JEKTPOCTAHIMU. DTO TaKXKe IMOKA3bIBACT, YTO METOJ| YIPOIIEHHUS MOJEIH,
HCIIOJIb30BAaHHBIN B PACYETE, M YCTAHOBKA AHAJIMTHUYECKUX YCIOBUH SABISAIOTCS PA3yMHBIMHU.

Keywords: trailer power station, ventilation and heat dissipation, flow field, temperature field,
CFD.
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Introduction
Trailer power station is a new type of motorized diesel power generation equipment, which
can provide quiet power guarantee for a variety of emergency power supply users. It is the main
power guarantee method for anti-terrorism and stability maintenance and field operations, and it is
also a backup power source for various major activities [1, 2]. In the development process of the
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silent type trailer power station, it is an important task to study and solve the contradiction between
the noise control of the cabin and the ventilation and heat dissipation. The traditional experimental
test can only be implemented after the prototype car is manufactured, so the development cycle is
long and the cost is high. Therefore, in the design process of the cabin of the trailer power station,
the ventilation and heat dissipation characteristics of the cabin are analyzed to find out the problems
existing in the ventilation and heat dissipation and their causes. It provides a basis for the
finalization of the cabin structure and the general arrangement of the equipment in the cabin and
avoids excessive changes in the final stage of development [3]. Therefore, it is necessary to
numerically simulate the air flow field in the cabin of the trailer power station, and then analyze the
ventilation and heat dissipation effect in the cabin.

Experts and scholars at home and abroad have done some research on the related topics of
ventilation and heat dissipation of cabin structure. Yuan Xiayi et al. [4] studied the flow field and
temperature field distribution in the engine compartment of the car and found that the ventilation
and heat dissipation effect can be improved by adding a deflector. Xiao Honglin et al [5]. For power
battery packs in different arrangements, Different heat dissipation characteristics are compared and
analyzed by studying the flow field and temperature nephogram. Zhang Kun et al. [6] aimed at the
problem that the temperature of a certain type of engine compartment is too high under the idling
condition. The simulation calculation of the flow field and temperature field is carried out, and the
method of adding a choke plate is proposed to improve the air flow and improve the heat dissipation
effect. Song Sihong et al. [7-9] studied the distribution of air flow field and temperature field in the
cabin of military communication power supply units with different structures. The heat dissipation
effect is analyzed, the structure of the cabin is improved, and the best scheme is proposed. Ren
Chengqin et al. [10] studied the surface convective heat transfer coefficient and the cabin space
flow coefficient of the engine compartment under different ambient temperature and vehicle speed
conditions. It is found that appropriately increasing the area of the ventilation grille on the rear wall
of the engine compartment or adjusting the position of the radiator can improve the ventilation and
heat dissipation effect of the engine compartment. Jarrett and Kim [11] proposed an electric vehicle
battery pack temperature control method, Heat is transferred from the battery pack compartment
through the cooling plate by designing the grooved cooling plate. D. Ghosh [12] and Sungjin Park
[13] used computational fluid dynamics (Computational Fluid Dynamics, CFD) method to study the
heat dissipation of hybrid electric vehicle battery pack, It was found that the ventilation and heat
dissipation can be improved by changing the air flow. The above analysis of flow field and heat
dissipation mainly focuses on automobile engine compartment, military communication power
generator set compartment and electric vehicle battery pack compartment, etc. There are few studies
on ventilation and heat dissipation of trailer power station compartment. This paper mainly takes
the air flow and thermal environment in the cabin of the trailer power station as the research object,
and comprehensively considers the influence of the air inlet and exhaust port and the heat of each
component of the unit on the ventilation and heat dissipation effect of the equipment. The
simulation calculation of the air flow in the engine room and the muffler cabin in the cabin is
carried out, and the heat dissipation of the diesel generator set and the two-stage exhaust muftler in
the cabin is analyzed. The ventilation structure of the rear wall of the unit cabin is optimized, and
finally the calculated results are verified by experiments and comparative analysis.
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Model Establishment and Analysis
Geometric Model

The cabin of the trailer power station is divided into three parts by the partition, which are the
operation cabin, the crew cabin and the anechoic cabin. This paper mainly studies the air flow and
equipment heat dissipation in the crew cabin and the anechoic cabin, so the part of the operation
cabin is ignored in the modeling and analysis of the air flow field and temperature field. Without
affecting the air flow field and temperature field in the cabin, in order to more accurately reflect the
distribution of the flow field and temperature field in the cabin, the cabin model of the trailer power
station is simplified [14]. Figure 1 is a simplified model of the trailer power station cabin.

sound absorption column first stage muffler  cabin wall

Exhaust port second stage Diesel generator sets Ajr inlet (bottom)
muffler

Figure 1. Simplified model of trailer power station cabin

Mathematical Model
Governing Equation of Flow Field Calculation
Due to the complex air flow in the cabin, the air flow in the cabin is regarded as an ideal
incompressible turbulent flow [15]. In the Cartesian coordinate system, the governing equations can
be expressed as. Mass conservation equation:

dp/0t +divu =0 (1)
Momentum conservation equation:
d(pv,) /0t + div (puv;) =
2)

div (g - gradv,) — Op/dz; + S,
Energy conservation equation:

div(puh) =div(k - gradT) + S, (3)
In the formula:p:p(p’T) ; Meff:'“—i_“T; P is pressure, Pa; T s the temperature, C

w (01,02, 03) is the velocity vector; P, Fare the density and laminar viscosity, respectively

’

1.194 kg/m® and 1.911x10-5 Pa-s JHr Heff gre turbulent viscosity and effective viscosity,
respectively, Pa-s.
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Turbulence Model
Due to the relatively complex structure of the cabin of the trailer power station and the large
number of equipment in the cabin, the shape of the wall surface changes drastically. In order to
accurately simulate the air flow in the cabin, the Realizable k-¢ model [16] is selected, and its
expression is as follows:

0 ) _
E(pk) + oz, (pku,) =

0 .\ Ok
or (o ) |+ X

Gk+Gb_p€_YM+Sk

0 0
= (pe) + 5 (peu,)=
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2 (s 1) 2] )
a.'L'j |:</'1’+ 0. 8%- +pC’IES’S (5)
oC & i0.50.6,+8
2¢e k+ \/U»(:j le k 3eYD €
In the formula: G is the turbulent kinetic energy due to the mean velocity gradient Producer
of k ; G is the generation term of turbulent kinetic energy k caused by buoyancy; Y represents
the contribution of pulsatile expansion;C“ G Ca gy empirical constant;
O

and 7 are the Prandtl numbers corresponding to k and € , respectively. Usually, the

Ci.=1.44 (=19 o0,=1.0 o.=1.2 S S.

constants can take standard values: and are

source terms.

Overall Scheme of Ventilation and Heat Dissipation Design of Trailer Power Station
Main Parameters of Trailer Power Station
(1) Dimensions:
Length: 4170 mm Width: 1950 mm Height: 1600 mm, the structure of the trailer power
station cabin is shown in Figures 2-5.
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Figure 2. Trailer power station structure diagram
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Figure 5. Trailer power station structure diagram

(2) Main vents parameters
The main vents of the trailer power station are the intake electric shutters and exhaust electric
shutters on both sides of the cabin. The specific dimensions are shown in Table 1.

Table 1
MAIN VENT PARAMETERS (mm)
vent quantity width high Remark
Inlet electric shutters 2 556 600 The number of shutter blades is 16
Air outlet electric blinds 2 607 500 The number of shutter blades is 13
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Fan Performance Parameters
The fan shroud is @710 mm, and the performance indicators such as air volume, static
pressure and power consumption under different fan speeds are shown in Table 2. When the engine
speed is 1500 r/min, the fan speed is about 2337 r/min.

Table 1
FAN PERFORMANCE INDEX
speed of Air static Power Static pressure speed of the Air
the fan volume pressure consumption efficiency fan volume
r/min m3/s Pa Kw % r/min m3/s
1500 2.29 312.0 2.20 32.6 1500 2.29
1800 2.76 449.0 3.80 32.6 1800 2.76
2100 3.22 610.7 6.03 32.6 2100 3.22
2400 3.70 797.2 9.00 32.7 2400 3.70

Simulation Analysis of Ventilation and Heat Dissipation Performance
On the premise of not affecting the air flow and temperature field in the cabin, the cabin
model is simplified. The principle of simplifying the model is to focus on the main cooling
equipment that has a greater impact on the temperature field and the equipment that has a greater
impact on the air flow field, and ignore the equipment that has less impact on the temperature field
and flow field.The simplified model of the crew in the cabin is shown in Figure 6.

Figure 6. Simplified model of cabin crew

Calculation Assumptions

In order to facilitate the calculation and analysis, the following assumptions are made when
the numerical simulation of the flow field and temperature field in the cabin of the trailer power
station is carried out:

1. The diesel generator set and other equipment in the cabin are running stably, the heat
exchange on the contact surface between the air and each equipment is converted into pure fluid
heat transfer and convection heat transfer, ignoring the radiation heat transfer on the equipment
wall [17].

2. The flow field calculation area is the fluid area inside the trailer power station, which can
be assumed to be the flow field and temperature field distribution of the air in the fluid area away
from the wall, so the thickness of the equipment wall is not considered.

3. The air density in the cabin is constant and does not change with temperature, so the air
flow in the calculation area can be considered as Incompressible steady state flow.
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Computational Meshing
On the basis of the simplified model, the shell is extracted and materialized, and the cavity
model of the fluid channel is obtained. and use software for mesh division. The mesh adopts a
tetrahedral unstructured mesh, and during mesh division, mesh subdivision based on curvature
adaptation of the geometric model is performed. The number of grids is 4.6 million and the grids
are as shown.

Figure 7. Mesh model of fluid channel

Boundary Condition Setting

Due to the complex air flow in the cabin, the air flow in the cabin is regarded as an ideal
incompressible turbulent flow. The standard k-¢ two-equation turbulence model is used to simulate
the air flow in the cabin. The model algorithm adopts the coupled SIMPLE algorithm of flow and
pressure, and activate the energy equation. The ambient temperature is room temperature 300K
(26.85 °C), standard atmospheric pressure.

In the calculation model, the air inlet adopts the mass inlet boundary condition flow, including
the air volume required for diesel engine combustion and diesel generator set cooling.

The wall boundary condition adopts two boundary conditions of heat flow and temperature,
diesel engines and generators use heat flux boundary conditions, these will be estimated based on
the diesel engine heat balance. The temperature boundary conditions are used for the turbocharger,
exhaust pipe and muffler, which are obtained by test measurement. The outlet boundary condition
adopts the outflow boundary condition, and the outlet is the air inlet of the diesel engine and the air
outlet on the rear side of the passenger compartment, and the flow rate is calculated according to the
actual outlet flow. Fan boundary conditions are set according to actual parameters, including flow
and pressure jumps. The specific settings of boundary conditions are shown in Table 3.

Table 2
SETTING OF BOUNDARY CONDITIONS

Category Condition

Grid Tetrahedral unstructured mesh, number 4.6 million

Inlet Boundary Condition  Mass inlet boundary condition, flow rate 5.1 kg/s

wall boundary condition ~ Cylinder head and cylinder block are heat flux boundaries; turbocharger,
exhaust pipe and muffler are temperature surface boundaries; 695°C before
vortex, 527°C after vortex; coolant heat dissipation 92Kw, intake intercooling
heat dissipation 39 kw

Exit Boundary Condition  The flow rates of the diesel engine air intake and the rear side exhaust of the
cabin are 0.06 and 0.94 respectively

Fan Boundary Conditions  Air volume 3.7 m¥/s; pressure jump 797 Pa
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Analysis of Flow Field and Temperature Field

Figure 8 is the air flow trajectory diagram, Figure 9 is the air flow field diagram, and Figure 10
is the temperature distribution diagram. It can be seen from the air flow trajectory diagram that the
air flow trajectory in the cabin is relatively regular. When the airflow enters the cabin through the
air intake louver, a small part of the airflow enters the diesel engine through the diesel engine
intake, and most of the airflow flows along the surface of the generator set. Another part flows from
the bottom of the generator. After the air flow cools the generator set, when close to the radiator,
Due to the suction effect of the radiator fan, the airflow accelerates, flows through the radiator fan
into the rear of the cabin, and flows out through the louver exhaust port. The air velocity inside the
cabin is 5—15 m/s, and the speed in the center of the fan can reach more than 30 m/s.
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Figure 8. Trajectory diagram of air flow in the cabin
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Figure 7. Air flow field in the cabin

From the simulation analysis results of the temperature field, when the ambient temperature is
300 °K, the surface temperature of the unit in the cabin is within the allowable operating
temperature range. Among them, the higher temperature areas are mainly distributed near the
turbocharger, exhaust pipe and muffler. The temperature before vortexing is about 680 °C, and the
temperature after vortexing is about 515 °C.The surface of the generator set and the surface of the
diesel set are significantly affected by airflow ventilation and heat dissipation. The average
temperature is below 80°C, the temperature near the cylinder head is slightly higher, and the local
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temperature will be about 10 °C higher. Figure 11 is the cloud map of the surface temperature
distribution of the generator set.
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Figure10. Temperature distribution in the cabin

Conclusion

Aiming at the ventilation and heat dissipation problems in the cabin of the trailer power
station, numerical simulation and analysis of the air flow field and temperature field in the cabin of
the trailer power station are carried out to verify whether the ventilation and heat dissipation
requirements are met, and the following conclusions are obtained:

1. The simulation of the heat dissipation of the trailer power station cabin was successfully
completed by using CFD software. The flow field and temperature field in the cabin are obtained,
and the position of the highest temperature in the cabin can be determined quantitatively, which
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provides a useful reference for the design of the cabin structure of the trailer power station and the
arrangement of the equipment in the vehicle.

View1 v

Figure 8. Generator surface temperature distribution map

2. The flow field in the cabin reflects the distribution and flow of air in the cabin, and the
temperature field reflects the heat dissipation of the equipment in the cabin. Combining the air flow
field and temperature field, the heat dissipation problems of the trailer power station can be found,
and then the ventilation and heat dissipation structure is improved by designing an axial flow fan on
the rear wall of the unit cabin to improve the effect of ventilation and heat dissipation.

3. The simulation results are in good agreement with the experimental results, indicating that
the selected Realizable k-¢ turbulence model can more accurately simulate the air flow field in the
cabin of the trailer power station, It also shows that the model simplification method used in the
calculation and the setting of analytical conditions are reasonable.
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