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Study on Air Duct Conversion and Extension Diagnosis of Booster Equipment in Audio
Management Module of Airborne Electronic Equipment
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Abstract: In view of the failure situation that the air duct conversion structure in the audio management module cabin and the booster equipment conflict with each other in
the functions of boosting ventilation and heat exchange ventilation, the air duct conversion mechanism arranged at the front end of the booster fan can realize the switching
of external circulation, internal circulation and internal-external mixed circulation ventilation, and can adjust the ventilation volume of fresh air according to the actual working
conditions. In this study, the ventilation booster adopts PWM speed regulation, and the power switch of the fan adopts self-developed intelligent power electronic switch,
which can realize the overall power supply on-off control of the fan, and the speed of the fan is adjusted by PWM signal duty ratio, thus realizing the stepless speed regulation
of 0~100% of the fan speed. The PWM speed control method fills the gap in this field and is more efficient than the traditional method to solve the conflict problem. One-
stage power supply on-off control, two-stage speed adjustment control and two-stage control improve the reliability of the control circuit. The difficulty of integrating the two
systems lies in the matching of air demand and fan performance in different working modes. Through the calculation of air duct resistance, booster ventilation and heat
exchange ventilation in different working modes of air conditioning evaporation unit, reasonable fan performance parameters are obtained to guide the matching design of
fans, thus eliminating the difficulty of conflict between booster ventilation and heat exchange ventilation.
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1 INTRODUCTION At this time, the fresh air outside the cabin enters the air

In order to design four air supply modes of the
environmental control system, the air duct converter
consists of a wind direction distribution box, a motor, a slip
ring, an outdoor fresh air interface, an indoor return air
interface, a canister interface, an internal air duct air supply
interface and a sealing structure, as shown in Figure 1. The
motor of the air duct converter is controlled by
comprehensive electronic control, and the sliding ring is
driven to rotate by stepping rotation as required [1-5]. A
method based on CFD simulation is proposed to optimize
the design of air duct, and the best design scheme is found
by simulating different geometric parameters, thus
reducing the resistance loss of the system and improving
the overall efficiency of the system [6-9]. The sliding ring
is a semi-enclosed ring structure with a notch, where the
air supply channel is located, and the rest of the air duct is
closed by a sealing structure. Several energy-saving
technologies, such as frequency conversion drive
technology, cogeneration system and phase change energy
storage technology, are also introduced, and the energy-
saving effects of these technologies in practical application
are proved by case studies [10-13]. Flexible graphite is
selected as the sealing material, which not only ensures the
sealing performance, but also reduces the friction when the
slip ring rotates because of its self-lubricating ability [14-
19]. The use status of the four air supply modes of the
environmental control system is as follows:

(1) External circulation poison filtration mode: In this
mode, the return air and the internal air duct in the cabin
are closed, and the interface between the fresh air outlet
outside the cabin and the poison canister is opened. At this
time, the fresh air outside the cabin enters the air duct
converter after dust removal and is supplied to the poison
canister;

(2) External circulation non-poison filtration mode: In
this mode, the air return port in the cabin and the interface
of the poison filtration tank are closed, and the fresh air
outlet outside the cabin and the internal air duct are opened.

duct converter after dust removal and is supplied to the
internal air duct;

(3) Mixed circulation mode: in this mode, the interface
of the canister is closed, and the fresh air outlet outside the
cabin, the return air in the cabin and the inner air duct are
opened. Among them, due to the large flow resistance of
outdoor fresh air passing through cyclone dust collector, it
is necessary to block some indoor air return openings, and
the proportion of fresh air in mixed air can be continuously
adjusted from 0 to 100%;

(4) Internal circulation mode: In this mode, the
interface of the canister and the fresh air outlet outside the
cabin are closed, and the air return outlet inside the cabin
and the internal air duct are opened. At this time, the return
air inside the cabin enters the air duct converter and is
supplied to the internal air duct.
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Figure 1 Schematic diagram of air duct converter structure

Air duct converter of airborne electronic equipment
can optimize energy efficiency. By automatically
controlling the operation mode of the air conditioning
system, the operation mode of the air conditioning system
is automatically switched according to the current climate
conditions, so as to improve energy efficiency and reduce
energy consumption. For example, when the outdoor
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temperature is high, the converter will automatically
switch to the cooling mode to reduce the indoor
temperature and maintain a comfortable environment.
When the outdoor temperature is low, it will switch to the
heating mode to heat the indoor air and keep it warm. The
air duct converter of airborne electronic equipment also
improves the safety and energy saving effect.

The air duct converter of airborne electronic
equipment also improves the safety and energy saving
effect. By automatically controlling the operation mode of
air conditioning system, the safety risk caused by improper
human operation can be avoided. At the same time, energy
consumption can be reduced by optimizing the operation
efficiency of air conditioning system.

2 PERFORMANCE CALCULATION AND ANALYSIS OF
CYCLONE DUST COLLECTOR

High efficiency axial cyclone dust collector is used to
separate dust in the air. Dust-laden air enters the dust
collector axially, and under the action of the deflector, the
airflow turns into spiral motion, and the dust particles are
in the centrifugal force field and thrown to the inner surface
of the cylinder by centrifugal force. Under the scouring of
the rotating airflow, the dust is discharged from the gap
between the cylinder and the tail. The structural
dimensions of the cyclone in this system are shown in Fig.
2.
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Figure 2 Structure diagram of cyclone dust collector
2.1 Calculation of dust removal performance

The force analysis of dust particles in the dust collector
shows that the dust particles enter the dust collector with
air, and the initial velocity v is in the same direction as the
air flow. During the dust removal process, the dust particles
mainly move along the radial direction, and the vertical
movement component is ignored [20]. The particles are
mainly affected by centrifugal force F,,, air resistance Fg,
viscous resistance F, and gravity G. According to

. . 1
Bernoulli equation P+ 3 pV?+pgh=C . The force

analysis diagram of dust particles is shown in Fig. 3.

Fr Fu * Fw

Figure 3 Force analysis diagram of dust particles

The vertical component of the initial velocity of dust
particles vo has no effect on the horizontal motion, and its
horizontal component is v, = vg % cosé. The velocity of dust
particles is around 20 m/s, and the centrifugal acceleration
is more than 7000 m/s?, which is more than 700 times of
the gravity acceleration of 9.8 m/s?, so the gravity effect is
ignored in this process. The dust particles are treated as
spheres, and the windward surface is a hemisphere, on
which all the air resistance and viscous resistance occur.
The air resistance coefficient and viscous resistance
coefficient are related to the shape and roughness of the
windward surface. Here, the air resistance coefficient C =
1 is selected according to the extreme bad situation, that is,
the windward air is stagnated and the dynamic pressure
head of the air is completely consumed, and the viscous
resistance is zero at this time.

According to the above principle, the force model of
particles is simplified, and the particles have a horizontal
initial velocity vy, and move from the center to the inner
wall edge of the cylinder in the horizontal direction under
the action of the resultant force F of centrifugal force F,,
and air resistance F, as shown in Fig. 4.

r1

-
N

F
Figure 4 Simplified diagram of dust particle force

As shown in the structural diagram of the cyclone dust
collector, when the swirl angle § = 45, the length of the
swirl part channel L = 464mm, the cross-sectional area of
the swirl part channel 4,= a x b = 3250 mm?, and the air
flow through the dust collector g, = 300 m3/h:

The velocity of air vy = ¢./A> = 25.64m/s.

Horizontal component velocity v, = 18.14m/s

Centrifugal force F,,= m * a,= 4np(d/2)*v*/3(r1 + dx)
on particles.

The air resistance of particles F, = CSpov?%/2.
where: m - dust particle mass, kg; P - dust particle density,
2300 kg/m?; d - diameter of dust particle sphere, mm; v -
instantaneous velocity of dust particles, m/s;
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11 - radius of cyclone dust collector guide core, 71 =30 mm;
C - coefficient of particle air resistance, taking 1.0; S -
windward area of particle sphere, mm?, S = 1t x d?/4; po -
air density, taking 1.2 kg/m’>.

The cyclone angle =30 or 60, and the calculation and
analysis of the cyclone channel length and the cyclone
channel cross-sectional area are the same as 6 = 45, only
the data can be changed, so 7 will not repeat them here.

The resultant force F'= F,, + F, and the acceleration o
= F/m.

Taking the particle sphere as an infinitesimal element,
the particle accelerates from the initial velocity v; to v; +
dv, and the position moves from x; to x; + dx after dt time.
Because the dt time is very short, it can be considered that
[01 + (v1 + dv)]/2 is the average velocity during this time,
then

dx = dv*2a + vidv/o

When x; = ri, v; = vy, integrate dx from r; to 7, and
substitute it into the force analysis formula:

Diameter of dust particle sphere d = 0.019 mm = 19
pm;

The time required for dust particles to move from 7 to
72 18 At =2.6 ms;

It takes At = L/vo = 18.1 ms for air to move from
cyclone inlet to cyclone outlet, which is much longer than
the time ot for dust particles to hit the wall, so dust particles
can be filtered out.

To sum up, the cyclone dust collector can theoretically
filter out 100% dust particles with a diameter of more than
19 um. When the air volume is 100 m’/h, the cyclone can
also filter out 100% of dust particles above 19 pum, only the
time for dust particles to hit the wall is increased from 2.6
ms to 7.7 ms.

2.2 Calculation and Analysis of Flow Resistance

According to the structure diagram of cyclone, the
structural parameters of cyclone are as follows:

Swirl angle 8 = 45°.

Cyclone inlet ring area 4 = 1t x (D12~ Do?)/4 = 9440
mm?.

Cross-sectional area of the cyclone channel 4, = s x
(D1~ Do)/2 = 3250 mm?>.

The area of cyclone outlet ring 43 =1 x (D3> — Do?)/4 =
7737 mm?.

The length of the cyclone part flow channel L = 464
mm.

Hydraulic diameter of cyclone part d = (D) — Dg) X
s/[(D1— Dg)/2 + 5] =49 mm.

Air density p = 1.2 kg/m®.

Aerodynamic viscosity u = 0.025 x 1073 Pa-s.

Air kinematic viscosity v = u/p = 20.83 x 10°m?/s

When the air flow through the dust collector ¢, = 300
m’/h:

Air velocity v = ¢,/4>=25.64 m/s.

Reynolds number Re = v x d/v = 60377 > 2300, and
the flow is turbulent.

Roughness of cylinder and guide vane wall ¢ = 0.01
mm.

Relative roughness &/d = 0.0002.

The thickness of viscous bottom layer & = 34.2d/Re"*7
=0.11 mm.

dole = 11 > 1, which can be regarded as hydraulic
smoothness, so the flow is in the turbulent smooth tube area
(1.75th power resistance area).

Because Re < 10°:

Along the way loss coefficient 1 = 0.3164Re%%> =
0.0202.

Along the way loss &= ALv*(2gd) = 64 m air column.

The air enters the swirl channel 4, from the circular
section A1 of the inlet, which is a process of decreasing
section. The local loss coefficient {7 = 4 [1 -
(A2/A1)*]/sin(6/2) = 0.0465. The air moves around the circle
for 1.5 times in the swirl channel, which is equivalent to
passing through six 90 bends continuously. The local loss
coefficient = 6x[0.131 + 0.163(d/R)*3] = 1.988.

Air enters the outlet circular section 43 from the swirl
channel 4>, which is a process of gradually expanding the
section, and the local loss coefficient (3= (1 — Ax/A3)* =
0.3363.

Total local loss coefficient = X{;= 2.3708.

Local loss ;= ¢ x v*/2g =79.53 m air column.

Flow resistance AP = hy+ h;= 85.93 m air column =
1011 Pa.

Compared with a mature product of the same type, this
type of cyclone dust collector is shown in Tab. 1.

Table 1 Comparison of two axial-flow cyclone dust collectors

Serial Parameter This type of Mature product
number product
Handling air volume 300 m’/h 33.8 m*h
5 Diameter of diversion 60 mm 25 mm
core
3 Cylinder radius 130 mm 50 mm
4 Cylinder height 210 mm 120 mm
5 Lead 100 mm 35 mm
6 Swirl angle 45° 25°
7 Swirl number 1.5 laps 2 laps
Minimum 100% dust
8 particle diameter 19 pm 12 pm
9 Flow resistance 1011 Pa 470 Pa

Through analysis, it can be seen that this product can
handle much larger air volume than the original product in
a limited installation space with little difference in
performance, which is suitable for this scheme.

3 DESIGN AND ANALYSIS OF AIR DUCT CONVERSION
AND CLOSING MECHANISM OF BOOSTER
EQUIPMENT

In order to prevent the tropospheric shock wave from
impacting the interior of the cabin, the automatic quick
closing technology must be adopted for the external hatch
cover of the system communicating with the cabin, and the
quick closing time index is no more than 0.15 s.

There are three external covers of the environmental
control system, among which the extravehicular
environmental detection module is not connected with the
cabin, and the other two are the fresh air inlet and exhaust
outlet in the cabin, which need to be designed with quick
closing machines [21-24]. The design principle of the new
air outlet closing machine is the same as that of the air
outlet closing machine. The quick electric push-pull rod
drives the movable door to open and close, and the driving
force is 50 N. The quick push-pull rod is a fast-shrinking
and slow-stretching type, the retraction rate is 230 mm/s,
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the closing stroke of the mechanism is designed to be
30mm, and the retraction time is 0.13 s, which meets the
requirements of quick closing. Use high-quality sealing
materials (such as silica gel, EPDM rubber, etc.) at the joint
of the pipeline to ensure the tightness of the joint. On the
premise of ensuring sufficient strength, choosing lighter
materials can reduce the installation cost and structural
burden. Using CFD (computational fluid dynamics) and
other tools to simulate the pipeline system, optimize the
design parameters, and ensure the best performance in
practical application. Consider the integration of the whole
HVAC system, and ensure the coordination of various
components, such as fans and pipes, cooling towers and
heat exchangers, to work together to improve the overall
energy efficiency.
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Figure 5 Service state diagram of shutdown machine

The smaller the elbow angle in the pipeline, the greater
the energy loss when the fluid turns. Therefore, choosing a
larger elbow radius is helpful to reduce energy loss. Using
efficient thermal insulation materials (such as polyurethane
foam, phenolic foam, etc.) can significantly reduce the heat
exchange caused by the temperature difference between
inside and outside the pipeline. When the movable door
panel needs to be moved, the cable sliding rod is pulled
manually, and the movable pin is pulled back into the
sleeve through the cable to release the limit state, so that
the electric push-pull rod and the movable door panel can
move integrally by pushing and pulling the hand lever [25].
When the movable pin moves to the upper hole position or
the lower hole position, the cable sliding rod is released,
and the movable pin pops out of the sleeve under the action
of the spring in the sleeve to form the limit again.The use
state diagram of the shutdown machine is shown in Fig. 5.

There are four use states of the shutdown machine:

(1) Automatic closing: the movable pin is limited at the
central hole, the arm of the electric push-pull rod retracts
for 30 mm after receiving the comprehensive control
instruction for 0.13 s, and the movable door plate is
attached to the sealing surface to form rapid automatic
closing;

(2) Automatic opening: the movable pin is limited at
the central hole, the arm of the electric push-pull rod
extends out after receiving the comprehensive control
instruction, and the movable door plate is separated from
the sealing surface to form automatic opening;

(3) Manual closing: when the arm of the electric push-
pull rod is stuck in the open state and the movable door
panel needs to be closed at this time, the limit of the
movable pin can be released, and when the handle is pulled
back to the lower hole position, the movable door panel is
attached to the sealing surface to limit the movable pin
again after manual closing;

(4) Manual opening: when the arm of the electric push-
pull rod is stuck in the closed state and the movable door
panel needs to be opened at this time, the limit of the
movable pin can be released, and when the handle is
pushed out to the upper hole position, the movable door
panel is separated from the sealing surface, so that the
movable pin can be limited again after manual opening.

Automatic closing force check:

(1) The closing direction of the fresh air inlet closing
machine is in the same direction as the airflow, and there
is no airflow resistance, that is, there is no closing
resistance;

(2) The closing direction of the exhaust ventilator is
opposite to the airflow, and it will be resisted by airflow
when it is closed. The flow area of the exhaust duct is @ =
117 x 75 mm. When the air supply of the system is at the
maximum air volume of 500 m3/h, wind speed v = ¢.,/4 =
15.8 m/s, dynamic head P = pv?/2 = 150 Pa.

The resistance F'= P x A =1.3 N, which is far less than
the closing force 50 N of the electric push-pull rod.
Assuming that the dynamic head reaches 500 Pa, the
resistance ' = P x A = 4.3 N, which is far less than the
closing force 50 N of the electric push-pull rod.

When the system detects the high radiation alarm
signal, quickly close the air inlet and the exhaust and dust
removal port to prevent the shock wave from damaging the
inside of the unit, and enter the pressurization and poison
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filtration protection after a delay of 50 seconds [26]. When
low radiation alarm or poison alarm is detected, it will
directly enter the pressurization poison filter protection.
First, quickly switch the air duct to the poison filtration
mode. Turn on the air intake valve, close the exhaust
control valve, start the booster fan, activate the dust outlet

valve, and engage the pressurized poison filtration function.

Next, adjust the fan speed and the position of the exhaust
valve based on the real-time detected cabin overpressure
and the amount of fresh air. Ensure that the cabin
overpressure remains at least 300 Pa and that the fresh air
volume meets the passengers' needs during the defense
mode. If no three-defense alarm signal is detected, switch
the air duct back to the normal ventilation mode. The
control flow of the three-prevention function is shown in
Fig. 6.

Three-prevention
function subroutine,

Manual Three-
revention instructior

Close the air Close the exhaust and

inlet closing dust removal port
closing machine

Low Radiation alarm or
chemical agent alarm

A,
The air duct is
switched to normal
ventilation

Switch the air duct to poison
filtration ventilation

Open the air inlet and
close the machine

Close the exhaust
regulating value

Tum on the booster fan

Open the dust outlet
and close the machine

Overpressure
300Pa

Adjust the fan speed

Fresh air
volume 75

Adjust the opening of
exhaust value

Figure 6 Three-prevention function control flow chart

When controlling the ventilation function, if the
system is in three-proof mode, it prioritizes ensuring the
pressurization needed for three-proof protection. The
system follows the three-proof control logic to manage
ventilation. In the non-three-proof mode, the system gives
priority to the exhaust demand after fire fighting and
explosion suppression in the cabin [27, 28]. If there is fire
fighting action, the air inlet shutoff machine and exhaust
shutoff machine are quickly turned on, and the booster fan
is turned on for external air circulation. In the ordinary
ventilation function, according to the different ventilation
modes, the mechanisms such as air inlet closers, air exhaust
and dust outlet closers, air exhaust regulating valves and

air return openings are controlled to make the system run
in different ventilation modes, and then the booster fan is
turned on to realize the ventilation function. In the
ventilation modes of external circulation and mixed
internal and external circulation, the system adjusts the fan
speed and the opening of the exhaust control valve
according to the cabin overpressure and fresh air volume,
ensuring that the cabin overpressure is not less than 100 Pa
and the fresh air volume meets the needs of passengers. In
general driving operation, the fresh air volume is not less
than 34 m’/h/person, and in fire fighting operation, the
fresh air volume is not less than 100 m*/h/person.

4 STUDY ON CALCULATION AND ANALYSIS OF AIR
DUCT CONVERSION RESISTANCE

There are four ventilation states in this system, namely,
external circulation filtering state, external circulation non-
filtering state, mixed circulation state and internal
circulation state. The resistance components of the system
include cyclone dust collector, air duct in the main engine,
canister, evaporator core and cabin passenger air duct.

4.1 Calculation and Analysis of Mixed Circulation State
and Internal Circulation State

In the mixed circulation state, 500 m>/h of mixed air is
required, including 100 m/h of fresh air and 400 m’/h of
internal circulation air. The resistance components include
cyclone dust collector, main engine internal air duct,
evaporator core and cabin passenger air duct.

(1) Calculation of cyclone resistance

According to the structure diagram of cyclone dust
collector, the parameters are as follows:

Swirl angle 6 = 45.

Cyclone inlet ring area 41 =1t x (D12~ Dy?)/4 = 9440
mm?.

Cross-sectional area of the cyclone channel 4, = s x
(D1— Dp)/2 =3250 mm?.

The area of cyclone outlet ring 43 = x (D3> — Do?)/4
=7737 mm>.

The length of the cyclone part flow channel L = 464
mm.

Hydraulic diameter of cyclone part d = (D — Do) x
s/[(D1— Do)/2 + s] =49 mm.

Air density p = 1.2 kg/m?.

Aerodynamic viscosity i = 0.025 x 1073 Pa-s.

Air kinematic viscosity v = u/p = 20.83 x 10°m?/s.

When the air flow through the dust collector ¢, = 100
m’/h:

Air velocity v = g, /4,=8.55 m/s.

Reynolds number Re = v X d/v = 20126 > 2300, and
the flow is turbulent.

Roughness of cylinder and guide vane wall ¢ = 0.01
mm.

Relative roughness &/d = 0.0002.

The thickness of viscous bottom layer & = 34.2d/Re"*7
=0.288 mm.

ole = 28.77 > 1, which can be regarded as hydraulic
smoothness, so the flow is in the turbulent smooth tube area
(1.75th power resistance area).

Because Re < 10°:
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Along the way loss coefficient 1 = 0.3164/Re®> =
0.0266.

Along the way loss iy = ALv*/(2gd) = 0.94 air column.

The air enters the swirl channel 4, from the circular
section A4; of the inlet, which is a process of decreasing
section. The local loss coefficient 3 = A[1 -
(42/A41)*)/sin(6/2) = 0.0612.

The air moves around the circle for 1.5 times in the
swirl channel, which is equivalent to passing through six
90 bends continuously. The local loss coefficient {; = 6 X
[0.131 +0.163(d/R)*>] = 1.988.

Air enters the outlet circular section A3 from the swirl
channel 4>, which is a process of gradually expanding the
section, and the local loss coefficient (3= (1 — 4)/43)* =
0.3363.

Total local loss coefficient = X(;= 2.3855.

Local loss ;= { x v*/2g = 8.89 air column.

Flow resistance AP = hy+ hj = 9.83 air column =116
Pa.

(2) Calculation of evaporator core resistance

| b2

32 |

81

b1

Figure 7 Structure diagram of evaporator core

The structure diagram of evaporator core is shown in
Fig. 7, and the parameters are as follows: height H = 215
mm; width B =300 mm; thickness L = 58 mm; upwind area
A1 = H x B = 64500 mm?; partition spacing 5;=10.8 mm;
diaphragm thickness J, = 1.5 mm; fin spacing b, = 2 mm;
fin thickness d, = 0.1 mm; ventilation area of fin unit 4. =
(b1—261— 62) X (b2— 82) = 15 mm?; number of fin units n =
(H/by) x (B/by) =2986.

During the refrigeration process, liquid water droplets
will precipitate in the evaporator fin channel, which will
affect the ventilation area. Generally, the blocking rate is
0.25, and the total wet ventilation area A,=0.75 x n X 4A.=
32765 mm?>.

Wet circumference U=2 x n x (b1 + by—2 X §;— 2 x
02) = 57333 mm.

Hydraulic diameter d =4 x 4,/U =2.29 mm.

Air density p = 1.2 kg/m®.

Aerodynamic viscosity = 0.025 x 107 Pas.

Air kinematic viscosity v = u/p = 20.83 x 10 m?/s.

When the air flow through the evaporator ¢, = 500
m3/h:

Air velocity v = g, /A2=4.24 m/s.

Reynolds number Re = v X d/v = 465. Because the air
has been in a turbulent state before entering the evaporator,
the evaporator flow channel is short and the fins are
provided with shutters, the air flow in the evaporator flow
channel is still in a turbulent state.

Because the louvers are arranged on the fins, the
roughness ¢ = 0.5 mm.

Relative roughness ¢/d = 0.2187.

The thickness of viscous bottom layer & = 34.2d/Re"%7
=0.362 mm.

ole = 0.72 < 1, which can be regarded as hydraulic
roughness, so the flow is in the turbulent rough tube area.

The loss coefficient 1 = [2lg(d/2e + 1.74)] > = 0.6833.

Along the way loss hy = ALv*/(2gd)= 15.89 m air
column.

Air enters the ventilation section 4, of the core fin
from the windward section A; of the inlet, which is a
process of sudden contraction of the section, 4>/4; = 0.508,
and the local loss coefficient (7= 0.298.

The air returns to the outlet section 4; through the
ventilation section A, of the core, which is a sudden
expansion process of the section, and the local loss
coefficient (3= (1 — A2/A1)* = 0.2421.

Total local loss coefficient = X{;= 0.5401.

Local loss &= { % v*/2g = 0.5m air column.

Flow resistance AP = hy+ h;=16.39 m air column =
193 Pa.

(3) Calculation of air duct resistance of cabin
occupants

Figure 8 Schematic diagram of air duct resistance calculation

The structural diagram of cabin occupant air duct
resistance is shown in Fig. 8, and the parameters are as
follows:

Section 1 area 4;= 110 x 72.5 = 7975 mm?,

Section 2 area A, = 100 x 72.5 = 7250 mm?.

Section 3 area 43= 150 x 100 = 15000 mm?.

Section 4 area A4= 150 x 100 = 15000 mm?>.

Air duct length L = 1636 mm.

Average hydraulic diameter d = 120 mm.

Air density p = 1.2 kg/m®.

Aerodynamic viscosity g = 0.025 x 107 Pa-s.

Air kinematic viscosity v = u/p = 20.83 x 10°m?/s.

When the air flow through the air duct ¢, = 500 m*/h:

Air velocity v = g, /A2=9.26 m/s.

Reynolds number Re = vxd/v = 53333 > 4000, and the
flow is turbulent.

Roughness of cylinder and guide vane wall ¢ = 0.01
mm.

Relative roughness &/d = 0.0001.

The thickness of viscous bottom layer § = 34.2d/Re®#7
=0.3 mm.

dle = 30 > 1, which can be regarded as hydraulic
smoothness, so the flow is in the turbulent smooth tube area
(1.75th power resistance area).

Because Re < 10°:
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Along the way loss coefficient 1 = 0.3164/Re®> =
0.0208.

Along the way loss iy = ALv*/(2gd) = 1.24 m air column.

The air enters the section A; from the section 4, and
after right-angle turning, the local loss coefficient {; =
0.985.

Air enters section Az from section A, and passes
through a 90 elbow, resulting in local loss coefticient.

$=0.131 +0.163(d/R)> 3= 0.1399.

Air suddenly expands from section 4, to section A3,
and the local loss coefficient (3= (1 — 42/43)*= 0.26609.

Air enters the section 44 from the section 43, and after
right-angle turning, the local loss coefficient {1 = 0.985.

Total local loss coefficient =X = 2.3769.

Local loss ;= { x v*/2g = 10.40 m air column.

Flow resistance AP = hy+ h;= 11.64 m air column =
137 Pa.

In the mixed circulation state, the mixed air is 500 m*/h,
and the total flow resistance is 571 Pa.

Compared with the mixed circulation state, the internal
circulation state has fewer cyclone components, so the total
flow resistance is less than 571 Pa at the same air volume
of 500 m3/h, which is included in the mixed circulation
state.

4.2 Calculation and Analysis of External Circulation
Ventilation State

Fresh air of 300 m*h is required in the non-poison-
filtering state of external circulation, and the resistance
components include cyclone dust collector, internal air
duct of main engine, evaporator core and cabin passenger
air duct.

(1) Calculation of air duct resistance in main engine

The structural parameters of the air duct in the main
engine are the same as the maximum refrigeration state;

The air physical parameters are also the same;

When the air flow through the inner air duct ¢, = 300
m3/h:

Air velocity v = g, /42=4.73 m/s.

Reynolds number Re = v x d/v = 27778 > 4000, and
the flow is turbulent.

Roughness of cylinder and guide vane wall ¢ = 0.01
mm.

Relative roughness &/d = 0.0001.

The thickness of viscous bottom layer & = 34.2d/Re®%7
=0.541 mm.

dle = 54.1 > 1, which can be regarded as hydraulic
smoothness, so the flow is in the turbulent smooth tube area
(1.75th power resistance area).

Because Re < 10°%:

Along the way loss coefficient 1 = 0.3164/Re’> =
0.0245.

Along the way loss iy= 1Lv*/(2gd) = 0.14 m air column.

The air enters the section 4, from the section 4, and
after right-angle turning, the local loss coefficient (i =
0.985.

Air enters the section 4, from the section 4;, and there
is also the sudden expansion process of the section, and the
local loss coefficient.

Cz = (1 —Al/A2)2 =1.0.

Air suddenly expands from section A, to section A3,
and the local loss coefficient (3= (1 — Ax/A3)>= 0.5974.

The air enters the section A4 from the section 43, and
the local loss coefficient (3= 0.659.

Total local loss coefficient = X(;= 3.2414.

Local loss ;= { x v*/2g = 3.71 m air column.

Flow resistance AP = hy+ hj= 3.84 m air column = 45
Pa.

(2) Calculation of evaporator core resistance

The structural parameters of evaporator core are the
same as the maximum refrigeration state;

The air physical parameters are also the same;

When the air flow through the evaporator ¢, = 300
m’/h:

Air velocity v = ¢, /4>=2.52 m/s.

Reynolds number Re = v x d/v =279. Because the air
has been in a turbulent state before entering the evaporator,
the evaporator flow channel is short and the fins are
provided with shutters, the air flow in the evaporator flow
channel is still in a turbulent state.

Because the louvers are arranged on the fins, the
roughness ¢ = 0.5 mm.

Relative roughness &/d = 0.2187.

The thickness of viscous bottom layer & = 34.2d/Re"%7
=0.656 mm.

dole = 0.76 < 1, which can be regarded as hydraulic
roughness, so the flow is in the turbulent rough tube area.

The loss coefficient 4 = [2lg(d/2¢ + 1.74)]2 = 0.6833.

Along the way loss hy/=/.Lv*/(2gd) = 5.72 m air column.

Air enters the ventilation section 4> of the core fin
from the windward section A; of the inlet, which is a
process of sudden contraction of the section, 42/4; = 0.508,
and the local loss coefficient ;= 0.298.

The air returns to the outlet section A4, through the
ventilation section A, of the core, which is a sudden
expansion process of the section, and the local loss
coefficient (= (1 — A2/A1)*>= 0.2421.

Total local loss coefficient = X{;= 0.5401.

Local loss A= { x v?/2g = 0.18 m air column.

Flow resistance AP = hs+ hj= 5.9 m air column = 69
Pa.

(3) Calculation of air duct resistance of cabin
occupants

The structural parameters of the cabin occupant air
duct are the same as the maximum refrigeration state;

The air physical parameters are also the same;

When the air flow through the air duct ¢, = 300 m*/h:

Air velocity v = g, /A2=5.56 m/s.

Reynolds number Re = v X d/v = 32000 > 4000, and
the flow is turbulent.

Roughness of cylinder and guide vane wall ¢ = 0.01
mm.

Relative roughness &/d = 0.0001.

The thickness of viscous bottom layer & = 34.2d/Re"*7
=0.469 mm.

dle = 46.9 > 1, which can be regarded as hydraulic
smoothness, so the flow is in the turbulent smooth tube area
(1.75th power resistance area).

Because Re < 10°:

Along the way loss coefficient 1 = 0.3164/Re%> =
0.0237.

Along the way loss hy/=/Lv*/(2gd)=0.51 m air column.

The air enters the section 4, from the section 4, and
after right-angle turning, the local loss coefficient {; =
0.985.
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Air enters section Az from section 4, and passes
through a 90 elbow, resulting in local loss coefficient.

$=0.131+0.163(d/R)*>= 0.1399.

Air suddenly expands from section 4, to section A3,
and the local loss coefficient (3= (1 — 42/43)*= 0.2669.

Air enters the section 44 from the section 43, and after
right-angle turning, the local loss coefficient {; = 0.985.

Total local loss coefficient = X(;= 2.3769.

Local loss 4= { x v*/2g = 3.74 m air column.

Flow resistance AP = s+ hj=4.25 m air column = 50
Pa.

Fresh air of 300 m*h is needed in the non-filtration
state of external circulation, and the total flow resistance is
1175 Pa. If the external circulation needs 300 m*/h of fresh
air in a non-toxic state, the load requirement can be met by
increasing the internal circulation air volume.

The external circulation poison filtration requires fresh
air of 100m’/h, and at this time, the wind speed is very low,
and the flow resistance of the air duct in the main engine,
evaporator core and cabin occupant air duct can be ignored,
and the resistance components only include cyclone dust
collector and poison filter tank.

(1) The air volume handled by the cyclone is 100 m3/h,
and the resistance is the same as the maximum refrigeration
state, which is 116 Pa.

(2) The resistance of the canister shall not be greater
than 1300 Pa according to the requirements of relevant
specifications.

The external circulation filtration requires fresh air of
100 m’/h, and the total flow resistance is 1416 Pa.

5 RESULTS ANALYSIS AND RESEARCH

According to the comparison between the above air
volume and flow resistance, there is a 300 Pa air supply
head under various conditions, and the required booster fan
state points are shown in Tab. 2 below.

Table 2 Working state table of booster fan

Air
S:)?Li Use state | Air quantity reslgi)::xce SEEE(ljy EZ::;

1 Mixed cycle | 500 m*/h 571Pa | 300Pa | 871Pa

External
circulation

I non- 300 m*h 1175Pa | 300 Pa | 1475 Pa
filtering
poison
External

1T circulation 100 m*/h 1416 Pa | 300 Pa | 1716 Pa
filtration

Under the contrast of atmospheric pressure of 300 MPa,
the greater the air quantity, the smaller the air pressure
resistance. Because the ventilation fan and air conditioning
fan are shared, the circulating air quantity needs to consider
the air quantity demand of evaporator heat exchange in air
conditioning system. The centrifugal booster fan with high
pressure head is selected according to the above working
conditions, and the flow characteristic curve of the fan is
shown in Fig. 9.

From the flow characteristic curve of booster fan, it
can be seen that all three working points are contained in
the fan capacity range, and there is a certain margin. To
create a three-dimensional model of the air duct, the
modeling software used is ANSYS Fluent. The simulation

of internal and external mixed circulation ventilation flow
field is shown in Fig. 10.

psf_E(IN H20]

i ; . . . . : . . . Ao
50 100 150 200 250 300 350 400 450 500 550 600 650 700
quam)

Figure 9 Flow characteristic curve of booster fan

Figure 10 Simulation diagram of internal and external mixed circulation
ventilation flow field

Figure 11 Simulation diagram of internal circulation ventilation flow field

Figure 12 Simulation diagram of external circulation ventilation flow field
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Figure 13 Simulation diagram of flow field in cabin occupant air supply duct

The simulation of internal circulation ventilation flow
field is shown in Fig. 11. The simulation of external
circulation ventilation flow field is shown in Fig. 12. The
simulation of the flow field in the cabin occupant air supply
duct is shown in Fig. 13.

The cabin occupant air duct is composed of sealing
joint, air supply duct, centralized distribution box, tuyere,
oxygen supply pipe and oxygen supply socket. The air
supply duct adopts the integrated molding technology of
composite materials, and the insulation layer is laid in the
middle layer, which not only prevents the insulation layer
from being soaked in water, but also makes the inner
surface of the pipeline smooth and reduces the flow loss,
and the outer surface is beautiful and not easy to scratch.
The cross-sectional area of the air supply duct is not less
than 15000 mm?, and five tuyeres are installed in the
centralized distribution box. When the air supply flow is
500 m’/h, the velocity of the tuyeres is 3.3 m/s, and the
flow and wind direction of the tuyeres can be adjusted.

6 CONCLUSION

According to the overall technical requirements, the
total circulating air supply volume of the cabin is not less
than 300 m’/h. In addition, as the ventilation fan and air-
conditioning fan of this system are shared, the circulating
air volume needs to consider the air demand for heat
exchange of the evaporator of the air-conditioning system.
The required circulating air volume can be determined
according to the enthalpy value of the evaporator air inlet
and outlet state points during refrigeration. According to
the refrigeration condition of air conditioner and the design
of air conditioning system, the circulating air volume
required for heat exchange of air conditioner evaporator is
calculated to be about 500 m’/h, and the circulating air
volume of this system is designed according to the rated
500 m3h, which can be adjusted from 300 to 500 m*/h.
Through the above calculation and analysis, the ventilation
volume and overpressure value under various use
conditions are determined. Through CFD simulation and
experimental verification, we determine the influence
degree of different geometric parameters (such as diameter,
length, bending radius, etc.) on friction loss. The results
show that reasonable selection of pipe size and shape can
significantly reduce the friction loss, thus improving the
overall efficiency of the system.

Self-adaptive control of booster fan and exhaust
regulating valve. In the modes of external circulation and
mixed circulation ventilation, a certain overpressure needs
to be established in the cabin, and the fresh air volume

needs to meet the needs of passengers. Adaptive control
can prevent the fan from overworking when it is not needed,
thus reducing energy consumption. By reasonably
controlling the operation of the fan, the wear and tear of the
equipment can be reduced and its service life can be
prolonged. However, the adaptive control of booster fan
also has some shortcomings: the adaptive control needs
high-precision sensors and complex algorithms, which
increases the complexity and cost of the system. Once the
adaptive control system fails, it is difficult to maintain and
debug, and it needs professional treatment. Using materials
with high elasticity (such as rubber, silica gel, etc.) as pipe
joints can absorb vibration energy and reduce vibration
transmitted to other components. For metal pipes, selecting
materials with moderate thickness can reduce the
resonance phenomenon caused by thin walls, appropriately
shorten the length of the pipeline and reduce the distance
of vibration propagation. Reduce airflow noise, and use
pipes with smooth inner walls to reduce airflow friction
sound. Optimize the cross-sectional shape of the pipeline,
such as using a round pipe instead of a square pipe, to
reduce the vortex and thus reduce the noise.
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