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Abstract. The electronic equipment bay ventilation system of civil aircraft is
generally composed of a blowing subsystem and an extraction subsystem, which
provides ventilation and cooling functions for the electronic equipment bay area.
The quality of its design directly affects the reliability of the electronic equipment
and thus directly affects the aircraft safety. In this paper, the electronic equipment
bay ventilation system of a certain type of civil aircraft is taken as the research
object, and the air distribution is investigated of the blowing subsystem and extrac-
tion subsystem. The Flowmaster is used to model the electronic equipment bay
ventilation system, and the air distribution simulation of the blowing subsystem
and extraction subsystemof the electronic equipment bay is carried out. The results
show that, the air distribution simulation by using the restrictor ring size calculated
by the flow balancing model can meet the air distribution design requirements of
the electronic equipment bay ventilation system, and a reference for the design of
electronic equipment bay ventilation system of civil aircraft is provided.
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1 Introduction

The function of the electronic equipment bay ventilation system is to provide ventila-
tion and cooling functions for aircraft electronic equipment bay and onboard electronic
equipment to ensure the normal and reliable operation of onboard electronic equipment
[1]. At present, with the development of modern science and technology, the application
of onboard electronic equipment is becoming more and more extensive, so the thermal
load caused by electronic equipment increases sharply [2]. If the thermal cannot be
dissipated in time, it will directly affect the normal operation of the electronic equip-
ment, and even cause the damage of the electronic equipment, thereby greatly reducing
the performance of the aircraft’s onboard electronic equipment system. Therefore, the
air distribution of the electronic equipment bay is a key issue in aircraft environmental
control system.

In current studies, researches are mainly through experimental or simulation meth-
ods. For the experimental of air distribution, Liu et al. investigated the influence of air
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distribution on aerodynamic field and combustion performance in a 0.9 MW arch-fired
furnace [3]. Nielsen et al. studied the air distributionwhich is in rooms or with themixing
ventilation and displacement ventilation [4]. Kumar et al. investigated the effect of tile
air flow rate on the server air distribution at various locations in the rack [5]. Krajcik
et al. studied the air distribution, ventilation effectiveness and thermal environment in a
simulated room [6]. For the simulation of air distribution, Wang et al. used a multizone
network program, and provided a theoretical basis for improving the accuracy for mod-
eling air distribution in buildings [7]. Domanski et al. established a simulation model
of a plate-fin, air-to-refrigerant heat exchanger based on a tube-by-tube approach [8].
Depypere et al. used the Fluent performed for a Glatt GPCG-1 fluidized bed coater and
obtained a more homogeneous airflow towards the distributor [9]. Zhang et al. intro-
duced the Flowmaster and showed the application in HVAC [10]. In conclusion, there is
no studies on air distribution in the electronic equipment bay.

In this paper, the electronic equipment bay ventilation system of a certain type of civil
aircraft is carried out as the research object, and the air distribution is investigated of the
electronic equipment bay ventilation system, and a reference for the design of electronic
equipment bay ventilation system of civil aircraft is provided. The Flowmaster is used to
model the electronic equipment bay ventilation system, and the simulation of the blowing
air and extraction air of the electronic equipment bay ventilation system is carried out.

2 Simulation Models and Boundary Condition

In this paper, the aerospacemodule of Flowmaster is used tomodel the ventilation system
of the electronic equipment bay, and the physical model is converted into a simulation
model. For the simulation of the electronic equipment cabin ventilation system, the
incompressible steady-state analysis model is chosen.

For the modeling of the electronic equipment bay ventilation system, only the air
of the working parameters of the electronic equipment blowing fan and extraction fan
has an influence on the air distribution, so the blowing fan and the extraction fan are
simplified as flow sources in the simulation The comparison table between the physical
model and the simulation model of the electronic equipment bay ventilation system is
shown in Table 1.

Table 1. The physical model and computational model comparison table

Boundary name Boundary type

Blowing fan/Extraction fan Flow source

Electronic equipment bay ducting Pipe, bend, junction, transition

Restrictor ring Orifice

Each blowing/extraction inlet or outlet Pressure source

According to the above modeling principles, the modeling results of a certain type
of civil aircraft electronic equipment bay ventilation system are shown in Figs. 1 and 2.
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Fig. 1. Simulation model for extraction subsystem of a certain type of civil aircraft electronic
equipment bay ventilation system

Fig. 2. Simulation model for blowing subsystem of a certain type of civil aircraft electronic
equipment bay ventilation system

Figures 1 and 2 are respectively is the simulation model for the air distribution of
extraction subsystem and blowing subsystem in the electronic equipment bay. In the
extraction subsystem model, the inlet is each extraction inlet, which is expressed in the
form of a pressure source; the air outlet is an extraction fan, expressed in the form of a
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flow source. In the blowing subsystem model, the inlet source is a blowing fan, which
is represented in the form of a flow source; the outlet is the left electronic equipment
inlet, the right electronic equipment inlet and the after equipment rack inlet, which are
expressed in the form of pressure sources. Each extraction inlet or blowing outlet should
be adjusted through the orifice of the restrictor ring on the ducting. The incompressible
flow balancing model is used in the design calculation of the restrictor ring to obtain the
diameter of the restrictor hole corresponding to each extraction inlet or blowing outlet.

The key to establish air distribution simulation model with the Flowmaster is to set
the input parameters of the model. For components such as pipes, bends, transitions,
junctions, restrictor rings, etc., the Flowmaster has a variety of mathematical models to
choose from, and has certain engineering data support [11]. The parameter types of each
simulation element are shown in Table 2.

Table 2. Air simulation parameter table of electronic equipment bay ventilation system

Component types Parameter 1 Parameter 2 Parameter 3 Parameter 4

Pipe Diameter Length Roughness Friction coefficient

Restrictor ring Pipe diameter Orifice diameter

Flow source Flow Temperature

Pressure source Pressure

For the electronic equipment bay ventilation system simulated in this paper, the
parameter settings of each component are designed according to the system parameters
of a certain type of civil aircraft.

According to the development experience of other aircrafts, the total design air of
the blowing subsystem is 320 L/s and the total design air of the extraction subsystem is
680 L/s. The boundary conditions of each inlets or outles of the electronic equipment
bay ventilation system are provided in conjunction with the air distribution model of
Figs. 1 and 2. Specifically, as shown in Table 3.

3 Simulation and Results Analysis

In this paper,the simulation steps of the air distribution of the electronic equipment
bay ventilation system of a certain civil aircraft including the simulation of the orifice
matching of the restrictor ring and the check of the air distribution results.

The flow balancing model is used to match the size of the restrictor ring on each
branch, and the initial value of the restrictor ring orifice on each branch can be obtained.
According to the development experience of other aircrafts, the actual current restrictor
ring orifice is usually in units of 0.125in. After conversion, the rounded value of the
current restrictor ring aperture can be obtained, as shown in Table 4.

The air distribution of the electronic equipment bay ventilation system according to
the value of the restrictor ring orifice calculated in Table 4, compared with the design
boundary conditions and the simulated flow value of each branch, and the flow deviation,
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Table 3. The simulation boundary conditions of air distribution in the electronic equipment bay

Types Inlet or Outlet Air distribution (L/s)

Extraction air of the electronic
equipment bay

Cockpit display area inlet-1 8

Cockpit display area inlet-2 8

Cockpit display area inlet-3 8

Cockpit display area inlet-4 8

Cockpit display area inlet-5 4

Cockpit display area inlet-6 4

FWD equipment rack inlet-1 20

FWD equipment rack inlet-2 20

AFT equipment rack inlet 280

Equipment upper area 320

Blowing air of the electronic
equipment bay

AFT rack outlet 220

Left equipment outlet 50

Right equipment outlet 50

and the air distribution of each branch in the electronic equipment bay. The results are
shown in Table 5.

According to the simulation results in the table, it can be seen that the flow deviation
between the calculated value of the air distribution in each temperature zone of the
electronic equipment bay and the design value is within ±5%. Therefore, it can be
considered that the air distributionbyusing the diameter of the restrictor orifice calculated
by the flow balancing model and the converted diameter of the restrictor orifice can meet
the air distribution requirements of the electronic equipment bay ventilation system.

4 Conclusion

In this paper, the electronic equipment bay ventilation system of a certain type of civil
aircraft as the research object, and investigates the air distribution of the electronic
equipment bay ventilation system. The electronic equipment bay ventilation system was
modeled by the Flowmaster, and the air distribution of blowing subsystem and extraction
subsystem in the electronic equipment bay was simulated.

The results show that the air distribution simulation by using the restrictor ring size
calculated by the flow balancing model can meet the air distribution design requirements
of the electronic equipment bay ventilation system.
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Table 4. Simulation results of restrictor ring orifice

Types Branch name Initial value of
restricting ring orifice
(m)

Rounded value of
restricting ring orifice
(in)

Extraction subsystem Cockpit Display
Area Inlet-1

0.016 0.625

Cockpit Display
Area Inlet-2

0.016 0.625

Cockpit Display
Area Inlet-3

0.016 0.625

Cockpit Display
Area Inlet-4

0.016 0.625

Cockpit Display
Area Inlet-5

0.011 0.375

Cockpit Display
Area Inlet-6

0.011 0.375

FWD Equipment
Rack Inlet-1

0.022 0.875

FWD Equipment
Rack Inlet-2

0.022 0.875

AFT Equipment
Rack Inlet

0.079 3.125

Equipment Upper
Area

0.094 3.75

Blowing subsystem AFT Rack Outlet 0.071 2.75

Left Equipment
Outlet

0.035 1.375

Right Equipment
Outlet

0.036 1.375
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Table 5. Air distribution simulation results of the electronic equipment bay ventilation system

Types Branch Name Design boundary
conditons (L/s)

Simulation value
of flow (L/s)

Flow deviation
(%)

Extraction
system

Cockpit Display
Area Inlet-1

8 8 0

Cockpit Display
Area Inlet-2

8 8 0

Cockpit Display
Area Inlet-3

8 8 0

Cockpit Display
Area Inlet-4

8 8 0

Cockpit Display
Area Inlet-5

4 4 0

Cockpit Display
Area Inlet-6

4 4 0

FWD Equipment
Rack Inlet-1

20 20 0

FWD Equipment
Rack Inlet-2

20 20 0

AFT Equipment
Rack Inlet

280 268 −4

Equipment Upper
Area

320 330 +3

Blowing
system

AFT Rack Outlet 220 231 +5

Left Equipment
Outlet

50 49 −2

Right Equipment
Outlet

50 49 −2
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