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Abstract: This paper aims to obtain the thermodynamic characteristics of the air system control device sealing part in
different compressor bleed air and ambient temperature. On the basis of considering the main factors affecting the heat
exchange process and simplifying the physical model of the air system control device，the thermodynamic model of air
system control device is established based on the basic theory of laminar flow heat transfer and heat conduction theory.
Then the piston motion characteristics and the thermodynamic characteristics of the air system control device seal are
simulated. The simulation results show that the valve actuation dynamic time of piston is about 0.13 s in the actual
working conditions，and the temperature effect on the dynamic response of the piston rod is only 5 ms when the inlet
air temperature at 300 ℃ and 370 ℃ . The maximum temperature of the air system control device sealing part is not
more than 290 ℃ under long time working condition of compressor air entraining. The highest temperature of the
sealing part can reach up to 340 ℃ when the air flow temperature reaches the limit temperature of 370 ℃，and the
longest duration working temperature limit is not more than 14 s. Therefore，the selection of control device sealing
material should consider the work characteristic of instantaneous temperature limit.
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0 Introduction

Aero ‑engine air system is one of the important
systems of aero ‑ engine. The air system control de‑
vice realizes the function of cooling and sealing of
high temperature components of engine，as well as
the functions of axial load control，active clearance
control and anti‑icing of engine by adjusting external
duct flow and compressor bleed air. Its performance
is an important factor affecting the safety and reli‑
ability of aeroengine［1］.

In the last years，a considerable amount of theo‑
retical and experimental work has been carried out
on the influence law of air system on engine perfor‑
mance［2‑6］. Refs.［7‑8］carried out the two‑phase flow
and heat transfer simulation in complex rotating
shaft cavity of air system and lubrication system.
Ref.［9］ investigated the simple theoretical models，

CFD and experiments of the flow and heat transfer
characteristics that occur inside the internal cooling ‑
air systems of gas turbine engines. Ref.［10］. present‑
ed one‑dimensional steady‑state flow network meth‑
od for prediction and application of pressure，temper‑
ature and flow along the engine air cooling system.
Ref.［11］presented a modular modeling method for
air system with fast transient and establishment of
more complex air system network in studying the
complex dynamic characteristics and mechanism of
aero‑engine air system. Ref.［12］presented the mod‑
ification of the design method of air system and ap‑
plied this method into the turbine disk design.
Ref.［13］ investigated the component method to
solve the secondary air system and carried out calcu‑
lations for both steady and transient state problems
by using the component method and network meth‑
od toward series and parallel networks. Ref.［14］
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presented the design technologies of secondary air
system according to functions and design characteris‑
tics of the the secondary air system and analyzed the
flow characteristic and the fluid temperature using
CFD software. By analyzing the above research，it
can be found that researchers mainly focus on the
mechanism of the compressors flow field and its per‑
formance. However，the relevant research on air sys‑
tem control device is seldom published by research‑
ers at home and abroad. It is necessary to carry out in‑
depth study on the air system control devices.

Air system control device’s working condition
involved complex heat transfer and thermodynamic
processes in practice，temperature and pressure of
sealing parts in air system control device are in a
transient state at any time，so its sealing perfor‑
mance directly affects the reliability of the air sys‑
tem control device. Therefore， it is necessary to
investigate the thermodynamic characteristics
change rules of the sealing parts of ais system con‑
trol device，which caused by the bleed air tempera‑
ture and the ambient temperature of the air system
control device. This paper aims to obtain the ther‑
modynamic characteristics of the air system control
device sealing part in different compressor bleed

air and ambient temperature. By considering the
main factors that affect the heat exchange process
and simplifying the actual physical model under the
basic assumption of neglecting the secondary fac‑
tors， the paper established the thermodynamic
model of air system control device based on the ba‑
sic theory of laminar flow heat transfer and heat
conduction theory. Finally， the simulation of the
thermodynamic characteristics was simulated and
analyzed on sealing parts of the air system control
device.

1 Air System Control Unit Model

The air system control device is composed of
the high‑pressure compressor air bleed chamber，
compressor bleed air component， electromagnetic
valve，piston cavity，external bleed air bleed compo‑
nent and compressor bleed air bleed component.
Due to the fact that the actual geometrical model
contains many parts and the structure of the shell is
complex，the physical model needs to be simplified
in calculating its thermodynamic properties. The
original physical model is simplified to form a simpli‑
fied structure of the air system control device，as
shown in Fig.1.

Wherein， the compressor inlet is defined as
Section 1，the left side of the orifice component is
Section 2，the right outlet of the orifice component
is Section 3，the outlet of the compressor air outlet
pipe is Section 4，the right side of the piston cham‑
ber is Section 5，the left side of the outer air bleed

air compartment is Section 6，and the right side of
the section of the outer air bleed component is Sec‑
tion 7. Simplify the convex and concave part of the
complex shell，ignoring the specific shape of the air
filter instead of the cylindrical cavity tube. In the
simplification of the piston chamber components，

Fig.1 Simplified diagram of air system control device structure
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the piston head is considered as a cylinder，the pis‑
ton rod is an equal ‑ diameter cylinder，ignoring the
valve geometry at the right end of the piston rod and
is equivalent to a certain mass load. In the simplifica‑
tion of external air induction components，it is con‑
sidered that the external gas is filled in the cavity，
the flow velocity is uniform，and the shape of the
specific flow pipe in the external bypass pipe is ig‑
nored. In the analysis of high‑temperature gas com‑
pressor heat transfer through the cone valve calo‑
ries，the irregular shape of the cone valve heat trans‑
fer is ignored，and the piston rod cross‑sectional ar‑
ea is considered as the heating area.

2 Thermodynamic Model of Air

System Control Device

2. 1 The basic assumptions of model

Thermodynamic modeling and simulation need
to focus on the factors which mainly affect the heat
exchange process，ignoring the secondary factors of
heat conduction. The modeling made the following
assumptions and simplifications：

（1） Regardless of the transient physical pro‑
cess when the solenoid valve is switched on or off，
only steady‑state heat exchange process is analyzed.

（2）The air flow in the pipeline belongs to the
laminar flow state.

（3）Simplify the gas passage pipelines and con‑
sider that the flow of each component belongs to one‑
dimensional steady flow.

（4）Ignoring the thermal resistance of the heat
exchange between the surface of the shell and the en‑
vironment，the shell surface temperature is equal to
the ambient temperature.

（5）The gas inside the piston cavity is uniform.

2. 2 The flow characteristics air system control

orifice

The airflow of the air system control unit is
vented at a speed of sound or close to the speed of
sound so that the density of the gas can no longer be
regarded as a constant，and it can be considered as
adiabatic flow due to the extremely fast exhaust
flow rate.

When the critical pressure ratio is p2/p1 >
0.528，the flow rate Qm is obtained as

Qm= Aρ1a1
k- 1
2
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When the critical pressure ratio is p2/p1 =
0.528，the flow rate Qm is obtained as

Qm= Aρ kRT 1 ( 2
k+ 1 )

k+ 1
2( k- 1)

(2)

where p1，ρ1，T 1 are the pressure，density and tem‑
perature of the gas in the gas chamber；p2，ρ2 are the
gas pressure and density of the exhaust port of the
nozzle；a1 is the sound speed；k is the adiabatic in‑
dex；and R is the gas constant.

2. 3 The kinematics model of single acting cylin⁃

der

Air system control device is used in a typical
single‑acting cylinder. Fig.2 shows the typical struc‑
ture of a single ‑ acting cylinder，in which qv repre‑
sents the inflow flow，A the piston area，v the pis‑
ton speed，mΣ the piston equivalent weight，and B
the cylinder equivalent damping.

Considering the gas compressibility，load quali‑
ty，damping and other factors，the piston cylinder
kinematics model is shown as

VtmΣ

4βe A2
d2v
dt 2 +

VtB
4βe A2

dv
dt + v= 1

A
qv (3)

where Vt is the total volume of the hydraulic cylin‑
der；and βe the gas elastic modulus. The change of
speed can be obtained by solving the differential
Eq.（3）and the displacement of the piston rod is the
integral of the speed.

2. 4 Heat transfer calculation model of import⁃

ed air flow

Due to the air system control device gas move‑

Fig.2 Schematic diagram of single acting cylinder structure
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ment speed is small，consider the flow process as
the laminar flow state. In order to describe the heat
exchange process in the pipeline better，we need to
define the mixing average temperature as

tb=
2
ur 20 ∫0

r0
utrdr (4)

where u represents speed at x axis label，when there
is convection heat transfer between the fluid and the
inner wall of the pipe. The temperature of the fluid
changes continuously with the length of the pipe x.
But the dimensionless excess temperature does not
change with x.

∂
∂x ( )tw- t

tw- tb
= 0 (5)

where tw represents the wall temperature， tb the
mixing temperature，and t the temperature at a cer‑
tain point on the cross‑section. Although the excess
temperature remains constant，the mixing tempera‑
ture is a single ‑valued function of the pipe length x.
When Prandtl number Pr= 1，the thermal bound‑
ary layer and the velocity boundary layer developed
at the same order of magnitude，assuming an equal
thickness and taking into account that the radial ve‑
locity of a well ‑ developed zone is zero. Then
Eq.（6）is obtained as

1
r
∂
∂r (r ∂t∂r ) = u

h
∂t
∂x (6)

Ignoring the thermal resistance between the
shell and the environment，the shell surface temper‑
ature and ambient temperature are equal，and tw is
considered as a constant，then Eq.（7）is obtained as

dtb
dx =-

d ( Δt )
dx = W

ṁcp
hΔt (7)

where ṁ is the mass flow，and W the channel cross‑
section perimeter. To separate the variables in
Eq.（7）and integrate them from the pipeline inlet to
the outlet，Eq.（8）is obtained as

tw- tb ( x )
tw- tbi

= exp ( )- Wx
ṁcp

h (8)

where tb is the mixing average temperature of the
fluid at the inlet of the pipeline，tbi the temperature
of the incoming stream when the fluid enters the
tube at a uniform temperature，and h the pipeline
heat transfer coefficient.

The heat transfer coefficient h is determined by

experimental correlation. Under constant wall tem‑
perature conditions，the effects of pipe bending and
turbulence are not considered. The Nusselt number
of the normal wall temperature tube obtained by nu‑
merical solution of the above equation is

Nu= 3.658 (9)
According to the definition of Nusselt number，

the convection heat transfer coefficient under differ‑
ent pipeline and flow conditions can be obtained as

α= Nu
λ
d

(10)

2. 5 Pipe equivalent thickness and thermal re⁃

sistance calculation

Based on the basic theory of infinite plate heat
conduction，the thermal resistance of the shell of the
air system control unit is estimated by using the
equivalent thickness. Assuming the total length of
the pipeline L can be divided into sections，the thick‑
ness of the shell is δ1 corresponding to the segment
l1，the shell corresponding to the thickness δ2 of the
segment l2，and the corresponding shell thickness δn
of the segment ln. The equivalent shell thickness is
shown as

δ=
∑
i= 1

n

li δi

L
(11)

The corresponding thermal resistance is

R= δ
2πrLλ (12)

where λ is the thermal conductivity of the shell mate‑
rial，and r the pipe radius.

2. 6 Calculation model of piston tail cavity tem⁃

perature

The solenoid valve closes when the piston com‑
pletes its actuation. At this point，the high tempera‑
ture gas in the tail cavity will dissipate the heat to
the outside environment. Ignoring the thermal resis‑
tance among the cavity air，the external environ‑
ment and the shell，the heat flux can be expressed as

q= t in - tw
R

(13)

where R represents the thermal resistance of the cyl‑

inder，R= ln ( d 2/d 1 )
2πλl ，and t in the temperature of

the inner wall surface as a singular value function of
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time s.
The loss of gas heat in the tail chamber will re‑

sult in a decrease of the temperature of the inner
wall surface

-ρgVcpdt=
t in ( s )- tw

R
Ads (14)

where t represents the temperature，s the time，and
the inner wall temperature changes with time as

dt in
ds =

Aa
R
t in -

Aa
R
tw (15)

where a=-ρgVcp.Eq.（15）should meet the condi‑
tions when s= 0，t in = t ( 0 ). t ( 0 ) should be deter‑
mined by the temperature of the inlet pipe.

2. 7 The calculation model of piston rod heat

conduction

According to the principle of the air system con‑
trol device，the temperature on the left side of the
piston rod t0 is the same as the temperature of the
tail gas，and the temperature of the gas in the head
chamber is t∞. There is heat exchange between the
piston rod and the gas in the head cavity，and the
heat transfer coefficient can be obtained through the
theory of natural convection heat transfer. The
length of the piston rod is L，and the radius is r. At
the cross section of length x，the amount of heat
that flows in the x direction is Φx，the amount of
heat flowing out of the piston rod is Φx+ dx，and the
amount of heat dissipated by the piston rod to the en‑
vironment is Φs. It is considered that the thermal
conductivity of the material is λ，the surface heat
transfer coefficient is h and the cross‑sectional areas
Ac along the length direction are constants. Piston
rod in the radial direction does not change，so it can
take a cross‑section to analyze. The surface heat
transfer resistance 1/h is much greater than the ther‑
mal resistance in the piston rod so that the tempera‑
ture of the piston rod can be considered uniform in
either section. After the above simplification，the re‑
search problem is transformed into 1D steady ‑ state
heat transfer problem.

The basic relationship is shown as
d2 t
dx2 =

hp ( t- t∞ )
λAc

(16)

The two boundary conditions are shown as

x= 0,t= t0 ; x= L, dtdx = 0 (17)

For the heat transfer coefficient h，we need to
calculate the Grash of number based on the relevant
parameters［15］.

2. 8 Sealing part of the thermodynamic charac⁃

teristics of the calculation process

Based on the independent thermodynamic cal‑
culation models of the above components， the
change of the temperature of the bleed air in the high‑
pressure compressor is calculated firstly. Secondly，
consider the cooling effect of the gas in the tail cavi‑
ty，and finally calculate the temperature variation in
the tail cavity with time. Specific air system control
device tail cavity sealing part of the thermodynamic
characteristics of the calculation steps are as fol‑
lows：

Step 1 Calculate the pipe flow from the gas
flow parameters and orifice size by Eq.（18）

Qm= Aρ kRT 1 ( 2
k+ 1 )

k+ 1
2( k- 1)

(18)

Step 2 The relationship between velocity，
displacement and time can be obtained by solving
the piston dynamic characteristic（Eq.（19））

VtmΣ

4βe A2
d2v
dt 2 +

VtB
4βe A2

dv
dt + v= 1

A
qv (19)

Step 3 Calculate the pipe equivalent thick‑
ness and equivalent thermal resistance by Eq.（20）

δ=
∑
i= 1

n

li δi

L
(20)

R= δ
2πrLλ (21)

Step 4 Calculate the outlet flow temperature
of the pipeline by Eq.（22）

tw- tb ( x )
tw- tbi

= exp ( )- Wx
ṁcp

h (22)

Step 5 Calculate the thermal resistance of the
piston chamber by Eq.（23）

R= ln ( d 2/d 1 )
2πλl (23)

Step 6 Solve the temperature variation of tail
cavity by Eq.（24）

dt in
ds =

Aa
R
t in -

Aa
R
tw (24)
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3 Simulation of Thermodynamic

Characteristics of Sealing Area

According to the working conditions and work‑
ing characteristics of the air system control device，
the inlet pressure of the high‑pressure compressor is
not more than 2.7 MPa（absolute pressure），the
working range of the long‑term air blowing tempera‑
ture is less than 300 ℃ and the instantaneous maxi‑
mum temperature is 370 ℃ . Gas inlet pressure is
not greater than 1 MPa（absolute pressure），the
temperature changes in the range of -55 ℃— 300 ℃，

the long‑term working medium temperature is
220 ℃，air system control device for a long time
temperature range of +120 ℃— +176 ℃；the short‑
term operating temperature is at the range of
+176 ℃— +215 ℃，each flight lasts no more than
3 min，215 ℃ continuous working time not less
than 15 min； ambient pressure ranges from
0.003 4 MPa to 0.244 8 MPa（absolute pressure）.
Air system control device in the long‑term working
conditions piston seal temperature should be below
300 ℃.

The operating parameters and geometric di‑
mensions of the air system control unit are given in
Tables 1—3.

According to the above structural parameters
and compressor gas flow parameters simulation，air
system control device movement and thermodynam‑

ic characteristics of the change can be analyzed.

3. 1 The change law of air system control device

pipeline flow

Fig.3 shows the relationship between air densi‑
ty and temperature.

According to the calculation formula of the ori‑
fice flow rate characteristic，the gas density，specif‑
ic heat，viscosity and specific heat capacity change
as the temperature of the incoming gas changes. As
the temperature increases（Fig. 4），the air density
shows a downward trend considering the change of
incoming gas density，and the change of flow rate
of the incoming flow of the compressor in the
operating temperature range is shown in Fig.4.

Table 1 Compressor gas flow parameters

Parameter
Pressure/ MPa
Temperature/℃

Gas constant Rg/ (J · (kg ·K)-1)
Insulation index k

Elastic modulus/ MPa

Value
2.7

300—370
287
1.4
0.14

Table 2 Related parameters of compressor bleed air

pipeline

Parameter
Throttle diameter/ mm
Pipe length/ mm

Equivalent shell thickness/ mm
Equivalent pipe radius/ mm

Shell thermal conductivity/ (W · (kg ·℃)-1)
Ambient temperature/ ℃

Value
1
66.4
5

8.627
18.8

120—215

Table 3 Piston cylinder structure parameters

Parameter
Piston and load equivalent quality/ kg
Spring stiffness coefficient/ (N ·m-1)
Piston cylinder volume/ mm3

Piston area/ m2

Shell thickness/ mm
Piston stroke/ mm

Value
0.3

3 176.5
8 184
0.001 96
4.5
13.3

Fig.3 Airflow density changes with temperature

Fig.4 Change law of pipe flow
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In Fig. 4，when the incoming gas pressure is
constant，the volume flow rate and mass flow rate
in the pipeline increase as the temperature increas‑
es，although the density of the gas flow is decreas‑
ing. This is because Q ∝ T and ρ do not de‑
crease significantly，although the density decreas‑
ing with the increasing temperature. However，the
temperature increase is very large， so the flow
shows a rising trend.

3. 2 Simulation of piston rod motion of air sys⁃

tem control device

As the flow rate increases with the increasing
temperature，the piston rod displacement and veloci‑
ty characteristics at 300，335 and 370 ℃ are ana‑
lyzed. Fig. 5 shows the displacement characteristics
of the piston rod under different conditions.

As can be seen from Fig. 5，the displacement
response of the piston rod is very fast，and the oper‑
ation is completed after about 0.13 s. In addition，
the temperature change in the incoming flow has lit‑
tle effect on the response time of the piston rod，and
the response time differs only by 5 ms at 300 ℃ and
370 ℃. With the increase of the temperature，the re‑
sponse time of the piston is faster due to the increase
of the flow rate.

Fig. 6 shows the relationship between the pis‑
ton rod speed and time under three temperature con‑
ditions. It can be seen from Fig. 6 that the moving
speed of the piston increases firstly and then decreas‑
es，and then increases and finally decreases. Due to
the damping effect，the amplitude of the increase of
the speed decreases in each cycle. However，be‑

cause the piston belongs to a single‑acting cylinder，
the damping of the whole moving part is very small，
so the piston crawls during the operation. When the
temperature increases，the piston rod speed ampli‑
tude increases. This is because the flow rate increas‑
es to increase the power on the piston，thus shorten‑
ing the activation time.

3. 3 Simulation and analysis of the temperature

change of the trailing chamber

Under the conditions of the compressor inlet
flow temperature of 370 ℃，and ambient tempera‑
tures of 120，176 and 215 ℃，the average tempera‑
ture of the pipeline is simulated with the change of
the pipeline length. Simulation results are shown in
Fig.7.

As can be seen from Fig.7，as the length of the
pipe increases，the outlet temperature is declining.
The initial declining speed is fast，and as the length
increases，the gradient of decline is more slowly.
This is because the temperature of the fluid in the
pipeline is reduced which caused the drop of the heat
flux through the pipeline. In addition，the ambient

Fig.5 Displacement of piston rod at different flow tempera‑
tures

Fig.6 Piston rod response speed and time

Fig.7 Relationship between outlet and length of the

523



Vol. 36Transactions of Nanjing University of Aeronautics and Astronautics

temperature has a very significant effect on the tem ‑
perature drop inside the pipe. As the ambient tem‑
perature increases，the gradient of temperature drop
in the pipeline gradually slows down. This is mainly
because the temperature difference is the driving fac‑
tor of heat conduction. When the ambient tempera‑
ture rises，the heat loss decreases as the tempera‑
ture difference decreases.

Fig.8 shows changeable relationship of the dif‑
ferent compressor flow temperature and tail sealing
temperature. In Fig.8，as the temperature of the com‑
pressor increases，the temperature of the air enter‑
ing the tail chamber rises. Different ambient temper‑
atures have a very significant effect on the tempera‑
ture of the sealing area inside the tail cavity. When
the ambient temperature is low，the airflow dissi‑
pates more heat through the tubing and therefore en‑
ters the cavity at a lower temperature. With the in‑
crease of the ambient temperature，the heat loss of
the air flow through the pipeline becomes smaller，
and the temperature of the sealed part in the tail cav‑
ity also increases. When the compressor air tempera‑
ture reaches the limit temperature of 370 ℃ ，the
maximum temperature at the sealing part can reach
340 ℃ . However，the maximum temperature at the
sealing part is not more than 290 ℃ when the com‑
pressor inlet temperature is 300 ℃ for a long time，
and it is in a stable working range.

3. 4 Thermodynamic analysis on the sealing ar⁃

ea of tail cavity

After the piston completes its operation，the
air flow entering the tail chamber will dissipate its
own heat to the environment through heat conduc‑

tion，resulting in a decrease of the internal tempera‑
ture of the piston. As time goes by，the temperature
of the gas inside the tail chamber will eventually
agree with the ambient temperature. Table 4 shows
the basic parameters of the air system control piston
chamber.

The above parameters are brought into the
method described above，assuming that the initial
tail gas chamber temperature is 350 ℃，the ambient
temperatures are 120，175 and 215 ℃. The changes
of the temperature inside the tail cavity with time
are shown in Fig.9.

In Fig.9，the temperature in the tail cavity sta‑
bilizes within 125° to 240°，depending on the exter‑
nal environment. Over time，the temperature of the
gas in the tail cavity gradually decreases until it
reaches the same temperature as the outside world.
Different stages of the temperature decline is not at
the same speed. With the tail cavity temperature de‑
creases，the temperature changes more and more
gently. This is because the shrinking of the tempera‑
ture makes the tail cavity to reduce the heat flow in‑
side and outside，so the temperature changes tend
to be gentle.

This type of air system control device tail seal‑
ing section of the selected seal ring，can withstand

Fig.8 Temperature change law of sealing parts

Table 4 Piston tail cavity parameters

Parameter
Tail cavity diameter d1/ mm
Tail cavity diameter d2/ mm
Tail cavity length l/ mm

Shell material thermal conductivity/(W ⋅ ( m ⋅ ℃ )-1)

Value
50
56
27
18

Fig.9 Tail cavity temperature changes over time
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the ultimate temperature of 300 ℃. According to the
variation of the temperature inside the tail cavity
with time，the simulation results of the over‑temper‑
ature inside the tail cavity are shown in Fig.10.

Fig.10 shows the relationship between the over‑
temperature of the tail cavity and the initial tempera‑
ture. It can be seen that the over ‑ temperature time
inside the tail cavity is short as the ambient tempera‑
ture decreases. This is because the decline of the
ambient temperature， resulting in an increase of
heat flow per unit time，enhances the cooling effect
of the gas inside the tail cavity. As the initial temper‑
ature increases，over ‑ temperature time will be lon‑
ger. When the ambient temperature at a maximum
temperature of 215 ℃ ， the initial temperature is
360 ℃，and the sealing ring needs to withstand the
ultra ‑ limit temperature of about 14 s. In different
ambient temperatures，the over temperature time at
the sealing ring is 1—14 s. Therefore，the air sys‑
tem control device should be able to withstand
short‑term high temperature overrun in selecting
sealing ring material to meet the system require‑
ments.

4 Conclusions

The following conclusions can be drawn from
the simulation study on the operating performance
of the air system control device piston and the ther‑
modynamic characteristics of the seal，under the ac‑
tual operating conditions of the compressor air bleed
temperature of 300 ℃—370 ℃ and the ambient tem‑
perature of 120 ℃—215 ℃：

（1）Piston actuation time of the air system con‑

trol device is about 0.13 s，and the flow rate caused
by the temperature change of the flow of the air
stream has little effect on the response time of the
piston rod. The response time difference is only 5 ms
when the compressor incoming flow temperature at
300 ℃ and 370 ℃.

（2）The temperature of the sealing part of the
air system control device can meet the design re‑
quirement of less than 300 ℃. When the compressor
bleed gas is at an extreme state of 340 ℃ or more，
the temperature at the seal ring has an over‑limit
phenomenon，but the temperature over‑limit is tran‑
sient and the longest duration is about 14 s. There‑
fore，when choosing the material of the sealing
ring， the instantaneous temperature limit seal
should be considered to work normally.
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