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Abstract

Significant aerodynamic engine instability can occur during the operation of marine gas turbines as airflow enters the compressor through a
90° turning and causes inlet distortion. This study adopts the method of simulating board equivalence to provide the target distortion flow field
for ship compressors. The characteristics of the flow field behind the simulated board are obtained through experiments and numerical
simulations, through which the relationship between the height of the simulated board and the total pressure distortion is elucidated.
Subsequently, the study summarizes the prediction formula to achieve a distortion prediction of 0.8%—7.8%. In addition, this work analyzes the
effects of drilling methods and diameters on flow nonuniformity by drilling holes into the simulation board. The results indicate that drilling
holes on the board can weaken the nonuniformity of the flow field within a certain range and change the distribution pattern of total pressure in
the cross-section. Furthermore, the total pressure distortion no longer changes significantly when the number of holes is too large. The
proposed double simulation board structure is capable of obtaining the following two types of distorted flow fields: symmetrical dual low-
pressure zones and low-pressure zones with high distortion intensity at the compressor inlet. The distortion equivalent simulation method
proposed in this work can obtain various types of distortion spectra, thereby meeting the distortion parameter requirements for the anti-

distortion testing of marine engines.
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1 Introduction

Modern ship performance is significantly influenced by
the engine system. Hence, the steady and safe operation of
the engine has become a key factor in the design and use
process. However, during actual operation, the engine often
experiences an uneven inlet flow field resulting from the
intake duct and external environment. This can cause changes
in the velocity and pressure components at the compressor
inlet and potentially alter the blade angle of attack, leading
to a high-load blade stall and affecting the compressor’s
performance (Zhong et al., 2020; Zhang et al., 2022).

Strict ground test runs are required under various intake
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distortion conditions to evaluate the anti-distortion perfor-
mance of a developed engine. However, the experimental
equipment required for the direct joint testing of the intake
system and engine is too complex; therefore, a total pres-
sure distortion simulator is used to generate the required
distortion flow for the experiment. At present, the commonly
used total pressure distortion generator mainly installs tur-
bulence control devices, such as simulation boards, simula-
tion nets, and insertion boards, in front of the engine, typi-
cally using wake mixing to generate total pressure distor-
tion. Related to this, precise and adjustable distortion gener-
ation technologies must be developed to accurately obtain
the performance parameters of the engine under various
intake distortion states. This will require the study of the
mechanism and variation rules of distortion generation,
ultimately providing important references for improvement
in the design of distortion generators.

The design of pressure distortion simulation devices for
engine distortion resistance tests has been a topic of inter-
est among foreign scholars for a long time. Initial studies
conducted by NASA (Baumbick, 1970; Braithwaite et al.,
1970) utilized air jets to generate rapid pressure oscilla-
tions for distortion simulation. Later scholars used various
structures, such as slat, round rod, variable lip bar, adjust-
able angle hyperboloid, split wing structure and simulation
network (Chen et al., 1992; Chen et al., 1990; Cousins et al.,
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2003; Hirschmann et al., 2012; Savage et al., 2004; Beale
et al., 2002; Walter and Justin, 2013), and then combined
these with numerical simulation methods (Castro and Robins,
1977; Sakamoto et al., 1982; Mukhopadhyay et al., 1992;
Martinuzzi and Tropea, 1993; Rodi, 1997) to achieve inlet
distortion simulation. Beale et al. (2006; 2007) analyzed
the advantages and disadvantages of different distortion
simulation devices, identified issues in their development
and use, and designed an adjustable distortion simulation
device. To realize the simulation of specific distortion pat-
terns, Yusoof et al. (2015) combined Beale’s distortion simu-
lation device with the wake superposition formula to study
the influence of the shape of flat and relative positions
between different flats on the subsequent flow parameters.

In contrast, China and Russia commonly use the insert
board method alongside engine inlet flow field distortion
evaluation to design total pressure distortion simulators
(Liu et al., 1994). Scholars (Cang et al., 2000; Jiang et al.,
2007; Jiang et al., 2008; Jiang et al., 2009; Zhu et al., 2014;
Wang et al., 2015; Zhang et al., 2019; Liu et al., 2022b) con-
ducted experimental and simulation studies on the insert
board distortion simulator, analyzing the flow field after
the insert board to obtain an approximate linear relation-
ship between the high and low-pressure distribution be-
hind the board and the reduced flow rate. The depth of the
insert board affects the range of the low-pressure zone and
the circumferential distribution of turbulence; furthermore,
compressor-induced stall mechanisms also change due to the
insertion method. Meanwhile, various structures, such as
variable combinational baffles, lunette-shaped flat baffles,
movable flat baffles, and triangle boards, have been pro-
posed for pressure distortion simulation (Li et al., 2009;
Zhang et al., 2017; Peng et al., 2018; Ning et al., 2023; Zhou
et al., 2023). These were combined with new simulation
models, such as unsteady calculations and hybrid RANS/
LES methods, to further analyze the effects of inlet Mach
number and plate parameters on the flow along the pipeline
(Iaccarino et al., 2003; Mankbadi and Georgiadis, 2015; Liu
et al., 2021; Liu, 2021; Liu et al., 2022a). In addition, Ye et al.
(2001) proposed a semiempirical and semimathematical
simulation method using simulation board technology.

To date, compressor inlet distortion research has mainly
focused on the aviation industry. This article selects a sim-
ulation board as the equivalent simulation method for total
pressure distortion and investigates the characteristics of
inlet distortion in marine compressors. By combining both
numerical simulation and experiments to collect and ana-
lyze flow field data under different simulation board param-
eters. This study also summarizes the relationship between
simulation board parameters and total pressure distortion,
proposes a design method for simulation boards in com-
pressor ground distortion tests in order to address the re-
quired inlet distortion, and provides assistance and support
for future related ship distortion tests.
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2 Modeling and simulation board parameters
2.1 Distortion equivalent simulation model

This study selected the intake structure of a small sur-
face ship compressor, as described by Shi (2003), as the re-
search object. The selection was made based on the actual
structure of the inlet section of a marine compressor. The
structural parameters of the compressor inlet cowl and in-
take channel were extracted, and a simulation model was
established at a 1:2 scale reduction. The computational do-
main in the simulation includes the intake channel, simula-
tion board, inlet cowl, and compressor inlet section, as
shown in Figure 1. The diameter of the intake channel was
365 mm, and the distance between the installation position
of the simulation board and the inlet and intake hood was
represented by D and 2D, respectively.

Inlet cowl o

/e
P <
Ll
Inlet s {

/
Outlet

Simulation board

Figure 1 Distortion equivalent simulation model

2.2 Grid and boundary conditions

Using the ICEM CFD tool module, the computational
domain was divided into unstructured grids to simulate the
flow field accurately. The grid division result is shown in
Figure 2. These grids were encrypted in key measurement
segments and in smaller parts of the structure. An analysis
of the flow state in the computational domain reveals that
the mainstream with Re>1x10" is a fully turbulent state.
Moreover, the flow becomes compressible in the area be-
hind the plate, where Ma>0.3. Using ANSYS Fluent soft-
ware, the Reynolds averaged Navier-Stokes equations
were solved to accurately determine the flow characteris-
tics. A two-equation k — ¢ turbulence model was employed
to meet the necessary accuracy requirements. The density
of the boundary layer grid was increased to ensure that its
y+ value falls within the range of 30—100 to obtain accu-
rate results. The inlet was given the total pressure and tem-
perature of the incoming flow, and the outlet was given the
target flow rate. Using the same grid partitioning scheme
to encrypt the grids of each component, a total of five
types of grids were employed for grid independence verifi-
cation. As shown in Figure 3, selecting the grid scheme 3
of 1.1 million grids can meet the accuracy requirements of
simulation calculations.

2.3 Simulation board parameters

In order to obtain sufficient types of distortion patterns,
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imulation board
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Figure 3 Grid independence verification

the parameters of the simulation board must be changed
and designed in such a way that the impact on the flow
field can be analyzed. Parameters such as the height of the
simulation board, hole drilling on the board, and double
simulated boards are selected to conduct research and sum-
marize the influencing rules of each parameter on the flow
field. The maximum distance from the upper edge of the
board to the inlet wall is defined as the simulation board
height H. Meanwhile, the dimensionless parameter / is
obtained by the ratio of the simulation board height H to
the inlet diameter D. The influence of this parameter on
the compressor inlet distortion is analyzed by changing the
number and diameter of holes drilled on the simulation
board. The equivalent simulation method of double simulated
boards is used to obtain different types of total pressure
distortion spectra. Furthermore, the influence of changing
the angle between the two boards on the flow field is inves-
tigated and compared with a single simulated board to sum-
marize its applicability. Finally, a reasonable and feasible
design scheme for the total pressure distortion equivalent
simulation board is proposed based on the summarized in-
fluence of various parameters on the flow field.

2.4 Research parameters

Two dimensionless parameters, velocity nonuniformity

IH

Figure4 Simulated board height

and total pressure distortion, were defined for quantitative
analysis, which allowed us to evaluate the distortion degree
of the flow field at the inlet of the compressor. The nonuni-
formity of velocity is defined as the ratio of the speed ex-
treme value difference and the average velocity in the 5%
local area with the highest nonuniformity of velocity, and
the calculation method is shown in Eq. (1).

5 = max Vi(s%)max - Vi(S%)min
Vi(S%)

)

In the formula, Vs, is the weighted average speed of
5% local flow area, and V5o, 1S the maximum speed in
the 5% local flow section.

In accordance with the actual situation of marine gas tur-
bines, a scheme for the calculation of total pressure distor-
tion is proposed to quantitatively study the nonuniformity
of the pressure field. The total pressure distortion is de-
fined as the ratio of the difference between the minimum
average pressure in a 60° sector and the average total pres-
sure on the section to the average total pressure on the sec-
tion. The calculation method is shown in Eq. (2).

P = Psoymi
DP = _t(()())mm (2)
P

The simulation board installed in the flow channel will
block the airflow and form a vortex structure. Thus, the Q
vortex identification method proposed by Liu et al. (2021)
was adopted to clearly observe the changes in the vortex
structure. This method addresses the issue of adjusting the
threshold in the second-generation vortex recognition
method by decomposing the vorticity into rotating and non
rotating parts thereby fixing the threshold. The calculation
formula is as follows:

2
|31

|41, + 18]+«

3)

To prevent the denominator from being zero, add &:
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Next, select an empirical value of 0.52 through experi-
ments for vortex identification:

Q>052 5)
3 Verification of simulation methods
3.1 Distortion equivalent simulation test bench

A distortion equivalent simulation experiment is per-
formed using a simulated board design to validate the ac-
curacy of the numerical simulation results. In particular,
the distortion equivalent simulation test bench is designed
using the low-speed wind tunnel of the purification and
separation laboratory. The twisted pair flowmeter is used
at the inlet of the test bench. This consists of several com-
ponents, such as a temperature sensor PT100, differential
pressure transmitter MG2000, absolute pressure transmitter
3 351, and flow totalizer F2000X. The test flow is calculated
by measuring inlet static pressure, atmospheric pressure, and
total temperature. The airflow then passes through a stable
pressure box with a contraction ratio of 1: 3, generating a
uniform and stable flow field that meets the experimental re-
quirements. The experimental section is equipped with a
simulation board replacement device, a compressor inlet
cowl, and a measurement system. Figures 5 and 6 depict
the overall structure of the distortion equivalent simulation
test bench, while Figure 7 shows the simulation board re-
placement devices used in the experiment.

Twisted pair flowmeter Flow field measurement system

2D
S| O e e
S

Simulation board ~ Ship inlet cowl
replacement device

Stable pressure box

Figure 5 Distortion equivalent simulation test bench (schematic
diagram)

Figure 6 Distortion equivalent simulation test bench (actual diagram)

3.2 Measurement instrumentation and data
acquisition

A measurement system was installed in the experimental
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Figure 7 Simulation board replacement device

section to measure the flow field distribution at the inlet of
the compressor. This consists of a total pressure probe, a
one-dimensional radial displacement mechanism, and a
wind speed measuring instrument. The measurement section
was positioned 250 mm away from the outlet of the intake
fairing, with an outer diameter of D_ =278 mm and an inner
diameter of D, =131 mm. The total pressure probe’s radial
position was altered using a displacement mechanism, after
which an anemometer collected and analyzed the flow field
parameters at five radial measurement points, resulting in a
measurement error of less than 1%. Following the radial
measurement, data from 90 measurement points were col-
lected by rotating the simulation board replacement de-
vice, enabling the analysis of the total pressure distortion
of the compressor inlet flow field.

r=0.532R
r,=0.633R
r=0.734R
r,=0.835R
rs=0.936R
R=139 mm

180°

Figure8 Measurement point distribution

3.3 Result comparison

Eq. (6) is used to process the data of 90 measuring
points of the compressor inlet section.

1, _ kRT P %
o G (©)

The calculated velocity nephogram of the compressor
inlet surface is shown in Figure 9, which is basically the
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same as the simulation results. The less than 3% error
between the simulated and experimental values of the aver-
age velocity and velocity distortion of the cross-section in-
dicates that the numerical simulation scheme is reasonable
and feasible. Furthermore, the numerical simulation calcu-
lation results are reliable.

Velocity (m/s)
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Figure 9 Verification of the simulation results

Table 1 Test and simulation results

Result Vo (0/s) 0
EXP 61.73 10.10%
CFD 60.83 10.38%

1.48% 2.77%

Error (o)

4 Simulation results and analysis of flow field
on simulation boards

4.1 Analysis of the simulation board height
calculation results

Next, we took the simulation board with a height of A=
0.25 as an example and then analyzed the variation law of
the distorted flow field after the board was obstructed.
Figure 10 shows the distribution of Ma along different cross-
sections of the flow and the three-dimensional (3D) stream-
line of the airflow. After being obstructed by the simulation
board, the uniform upstream flow is observed to decrease in
the flow area. Part of the airflow bypasses the simulation
board to form a high Mach number zone. In turn, the high
Mach number velocity initially increases and then decreases,
reaching Ma of 0.4 at the cross-section located 200 mm
behind the simulation board. At the same time, the obstruc-
tion of the simulation board results in the formation of a
strong and large area of low-speed reflux zone behind the
board. Although the airflow in this area gradually mixes
with the mainstream, there is still reflux, which is present
before the inlet cowl. The range of the low-velocity zone
decreases following the rectification of the airflow by the
inlet cowl, after which the flow nonuniformity zone is mainly
observed in the corresponding area of the simulation board.

Next, an analysis of the total pressure, velocity, and

B 7 [ [ [
Ma: 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.

Figure 10 Section Ma distribution and three-dimensional streamlines

streamline diagram of the symmetrical plane of the inlet is
conducted to gain a comprehensive understanding of the
mainstream structure after the simulation board. Figures 11
and 12 show the stagnant reflux in front of the simulation
board when the mainstream flows through the simulation
board; however, its influence area is small and does not
affect the downstream flow of the simulation board. The
airflow forms generate strong distortion through the simula-
tion board, forming a large area of low-speed vortex behind
the board. The flow velocity around the periphery of the
vortex is relatively high, while the internal flow velocity
of the vortex is only 0.05Ma. During this process, a signifi-
cant drop in total pressure occurs from 101 to 94 kPa. Total
pressure gradually recovers as the airflow continues to flow
and develop; however, such pressure remains significantly
lower than the inlet pressure. A fraction of the airflow by-
passes the simulation board and forms a high-speed flow
zone and a transition zone downstream, wherein the total
pressure changes less. However, there is a radial velocity
when the airflow bypasses the simulation board. The flow
area in the high-speed zone behind the board decreases
first and then increases, after which the airflow accelerates
until it reaches the maximum velocity of 0.4Ma downstream
of the simulation board. Viscous effects on the wall, airflow
mixing, and momentum transfer lead to the blurring of the
boundary between high and low-pressure areas, expansion
of the transition zone, and gradual reduction of nonuni-
form total pressure distribution along the flow cross-section.
Furthermore, the inlet cowl has a rectifying effect on the
nonuniform upstream flow, effectively reducing the non-
uniformity of the flow; however, there remains a distortion
zone at the corresponding position of the simulation board.
A circumferential total pressure distribution on the inlet
surface of the compressor is shown in Figure 13. As can be
seen, the average pressure on the inlet surface of the com-
pressor is 99.8 kPa. The low-pressure area is primarily in a
fan-shaped region of 120° to 260°, with an average pressure
0f 96.6 kPa.

Figure 14 presents the results of processing the flow
field of the simulated board using the € criterion. As
shown in the figure, the airflow in front of the simulated
board produces a stagnation point on its upstream surface.
A fraction of the airflow flows toward the pipe wall, creat-
ing corner vortices at the intersection with the simulated
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Figure 11 Symmetric plane total pressure diagram
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Figure 12 Symmetric plane Ma and streamline diagram
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Figure 13  Circumferential total pressure distribution at the compressor

inlet
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Figure 14 Q-criterion vortex analysis

board, thereby inducing flow losses. As the flow develops,
the corner vortices remain separated from other vortex
structures and gradually dissipate. The development dis-
tance positively relates to the simulated board’s height /.
As the other portion of the airflow passes through the inser-
tion board, it is impacted by shear forces, thus producing
separated vortices. The range and placement of the vortex
structure correspond to the low-speed reflux zone behind
the board. After passing through the inlet cowl, the vortex
structure mainly appears at the corresponding position of
the simulation board. At this stage, due to airflow mixing
and momentum transfer, the pressure distribution in the in-
take section becomes more uniform, and the range and inten-
sity of the vortex decline. An analysis indicates that zones
with a larger Q value align with low-speed flow areas. For
assessing the flow field’s nonuniformity, eddy currents and
flow parameters relate to one another as auxiliary parameters.

Upon analyzing the flow field, results show that a high
and low-pressure zone develops behind the simulated
board. The range of influence at the junction of the simula-
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tion board and the intake section wall increases as the rela-
tive depth / of the simulation board increases, resulting in
a rapid decrease in the corresponding pressure in the low-
pressure zone. Furthermore, the increase in 4 leads to in-
creased flow blockage, causing an increase in losses. This,
in turn, results in an increase in the range of low-pressure
areas and a rise in flow nonuniformity. The value of % is
positively correlated with the total pressure distortion at
the compressor inlet. A relationship between 4 and DP has
been established based on the research findings, and a pre-
diction formula has been obtained (Figure 15). The flow
simulation results conducted on simulated boards with A=
0.146 and #=0.196 show a comparison error of DP less than
2%. This result demonstrates the accuracy of the prediction
formula in predicting total pressure distortion DP. Conse-
quently, this formula can be used to quickly obtain the
simulation board depth that is required for the compressor
distortion test before conducting the test.

| DP=161.827-89.43/°-27.34h-1.14 |
.050.100.150.20 0425h0A30 0.350.400.450.50

DP
SO — N W A L 9 ® O

Figure 15 Fitting relationship between /# and DP
4.2 Analysis of drilling method calculation results

Multiple types of distortion patterns are required for
compressor antidistortion testing, and using a flat panel
simulation board cannot meet all design requirements.
Based on the target pattern, holes can be opened at appro-
priate positions on the simulation board after obtaining the
distortion pattern of the flat panel simulation board, and
this reduces the obstruction effect of the insertion board on
the airflow. The drilling parameters studied in this article
are porosity and hole diameter, in which porosity is
achieved by changing the number of holes drilled. Four
drilling methods are designed, including four, six, and eight
holes, and one side with four holes. Based on the 8-hole
drilling method, five simulations were conducted by chang-
ing the hole diameter, ranging from 5 to 25 mm.

Figures 17 and 18 depict the total pressure, Ma, and
streamline characteristics of the symmetrical plane of an 8-
hole simulation board. The low-pressure reflux zone behind
the simulation board is mixed with the stagnant reflux gen-
erated by the main flow in front of the simulation board
through the hole. The fluid in front of the board forms a
high-pressure and high-speed jet through the hole, thus
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changing the low-speed reflux vortex structure behind the
board and forming two independent reflux zones behind
the hole. The combination of the high-pressure airstream
and low-energy fluid behind the board decreases the low-
pressure zone’s area, reducing the overall pressure distor-
tion of the flow field located behind the board. At the same
time, the stagnant fluid in front of the board continues to
flow through the hole, reducing the airflow flow rate that
bypasses the simulation board, along with the flow rate in
the high-speed zone not affected by the simulation board
decreases. This reduces the difference between the high-
speed area and the low-velocity zone behind the board and
enhances the flow field’s uniformity. In this case, increasing
the hole’s diameter can increase the airflow rate entering the
board through the hole, further improving the uniformity
of the simulated flow field behind the board.

_ /
- v
s

(b) Unilateral 4-hole

(a) 4-hole
N ’
&) &
(c) 6-hole (d) 8-hole

Figure 16 Drilling method
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Figure 17 Total pressure diagram of the drilling simulation board
symmetry plane
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Figure 18 Drilling simulation board symmetry plane Ma and
streamline diagram

Figures 19 and 20, respectively, depict the circumferential
distribution of total pressure and total pressure distortion at
the compressor inlet, with different drilling methods and
drilling diameters. The results suggest that the structure of
the low-pressure reflux vortex behind the simulation board
changes significantly when the simulation board is drilled.
The circumferential high-pressure distribution of the flow
remains relatively unchanged as it continues to develop to
the inlet of the compressor. The drilling leads to an increase
in total pressure in the low-pressure region and a decrease
in the amplitude of total pressure fluctuations, resulting in
a reduction in compressor inlet total pressure distortion.

Specifically, the DP of a drilled simulation board with four
holes is 4.6% lower than that of a nondrilled board. As the
number of perforations further increases, the amplitude of
DP change weakens, and the DP of 6 and 8 holes becomes
the same. This result indicates that excessive drilling does
not necessarily increase the uniformity of the flow field.
Although drilling on one side of the simulation board en-
hances the uniformity of the flow behind the board, the dis-
tribution of total circumferential pressure at the compressor
inlet changes, in which case the circumferential pressure on
the drilling side becomes significantly lower than that on
the other side. When changing the drilling diameter under
the same drilling method, the high-speed jet entering the
board through the hole increases as the drilling diameter
increases; furthermore, the total pressure value in the low-
pressure area of the compressor inlet increases. In addition,
the flow nonuniformity behind the board weakens, and the
total pressure distortion at the compressor inlet decreases.
Based on the above analysis, the total pressure distortion
at the compressor inlet can be changed within a certain
range by altering the drilling method and diameter of the
simulation board. Furthermore, the irregular drilling distribu-
tion can change the distribution pattern of the total pressure
at the compressor inlet.
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& Straight plate
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3 99t
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Figure 19 Circumferential total pressure distribution of the drilling
simulation board

The number of inlet channel interpolation boards is in-
creased following the single board distortion equivalent
simulation method, and a structure consisting of adjacent
double boards and symmetrical double boards is adopted
(Figure 21). As can be seen, the dimensions of the double
boards in the channel are identical, and four sets of simu-

@ Springer



Journal of Marine Science and Application

240 ¢

2.36

2321

DP

228

224+

2.20

Number of holes
(a) Drilling method
240

2.36
232
228

224}

DP

220+
2.16 +

212

2.08

0 5 10 15 20 25
Hole diameler (mm)
(b) Hole diameter

Figure 20 DP of different drilling methods

lated boards with different angles (6 =90°, 105°, 120°, and
135°) are used as research objects to analyze the impact of
different installation positions of the double boards on the
flow field.

4.3 Analysis of the simulated board structure
calculation results

Ma cloud maps and surface streamline maps of the sym-
metrical plane of the flow channel are presented in Figure 22
to help us gain a detailed understanding of the flow structure
in a channel with different simulation board structures. As
shown in the figure, the symmetrical plane of the flow
channel is perpendicular to the insertional board in the single
board and symmetrical double board structures. The air-
flow forms a stagnation point on the simulation board, and
part of the airflow bypasses the simulation board to enter
the downstream and form a high-speed zone and transition
zone. Meanwhile, another side of the airflow forms a low-
speed vortex behind the board. The obstruction caused by
the board leads to the formation of two symmetrical low-
velocity zones above and below the flow channel in the
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symmetrical double board structure, along with a high-
speed flow region in the middle of the flow channel. A
transition region is also observed with a large velocity gra-
dient between the high-speed region and the low-velocity
zone. The existence of radial velocity when the gas bypasses
the simulation board causes the area of the high-speed
zone behind the board to decrease first and then increase.
Meanwhile, the gas flow continues to accelerate after the
board, reaching 0.3Ma, which is significantly higher than
that of the single simulation board. The symmetrical plane
in the adjacent double board structure is the cross-section
between the two boards, and the airflow is not obstructed
by the simulated board at the section. As the low-speed
reflux zone formed by the obstruction of the simulation
board in the adjacent circumferential area is continuously
mixed with the mainstream of this section, this leads to the
formation of reflux vortices from the near-wall area. The
strength and range of the initially formed vortices are sig-
nificantly smaller than those of other simulated board
structures. As the flow develops, the vortices formed after
the two simulated boards continue to mix and merge at this
cross-sectional position to form a stronger vortex structure.
Finally, the area of the low-velocity zone in front of the fair-
ing becomes larger than that of other simulation board
structures.

A

; -
(a) Symmetrical double board  (b) Adjacent double board

Figure 21 Double simulation boards
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Figure 22
structures

Total pressure diagram of different simulation board
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Figure 23 illustrates the total pressure cloud diagram at
the compressor inlet for various simulated board struc-
tures. As shown in the figure, the double board symmetric
structure generates two symmetrical low-pressure zones at
the top and bottom, respectively. The flow loss escalates
due to the increased obstruction effect on the airflow
caused by the double boards, thereby leading to a decrease
in the total pressure at the compressor’s inlet. The distribu-
tion pattern of the single low-pressure zone is the same as
that of the single board. The low-velocity zone behind the
two simulation boards gradually mixes with the develop-
ment of the flow passage in the adjacent double board
structure, eventually forming a low-speed zone with a larger
influence range and intensity. This results in the increase
of the inlet nonuniformity of the compressor.

B T [ [ ]
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(c) Adjacent double board

Figure 23  Total pressure diagram of compressor inlet with different
simulation board structures

In Figure 24, the total pressure distortion at the compres-
sor inlet for various simulated board structures is demon-
strated. The total pressure distortion in this study reflects
the difference between the 60° sector with the lowest aver-
age total pressure value and the surface average pressure.
The distribution pattern of the low-pressure region between
the single board and the symmetrical double board is iden-
tical. However, the double board yields higher total pres-
sure loss than the single board, resulting in a reduction in
the difference between the distorted low-pressure area and
the surface average pressure. Furthermore, the DP of the
symmetrical double board at the compressor inlet is slightly
smaller than that of the single board. Thus, the distortion
zone of adjacent double boards at the compressor inlet is
formed due to the low-velocity zone behind the two simula-
tion boards gradually mixing with the development of the

flow passage, and their total pressure distortion is signifi-
cantly greater than other structures.
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Figure 24 DP of different simulated board structures

5 Conclusions

This article investigates the equivalent method for the
inlet distortion of marine gas turbines, presenting a de-
tailed analysis of the effects of various simulated board
parameters, such as height, drilling method, and double
board structure, on the flow field and total pressure distor-
tion through numerical simulation and experimental re-
search. From the study, the following conclusions can be
drawn:

1) The height of the simulation board 4 is positively cor-
related with the compressor inlet distortion DP. Based on
the simulation results, the relationship between 4 and DP
is summarized. The results indicate that the predicted DP
error through this relationship is less than 2%, which can
achieve rapid prediction of compressor inlet total pressure
distortion.

2) Drilling holes on the simulation board can reduce the
total pressure distortion at the compressor inlet; however,
this impact weakens as the number of holes increases. Alter-
ing the drilling position can change the distribution pattern
of circumferential total pressure. Furthermore, increasing the
drilling diameter can effectively reduce flow nonuniformity.

3) Compared with a single simulation board, the sym-
metrical double board structure forms two symmetrical
low-pressure regions with the same distribution pattern at
the compressor inlet, resulting in slightly lower total pres-
sure distortion. In addition, a low-pressure region with a
large influence range and strength is formed due to the
complete mixing of the low-pressure area behind adjacent
double-board structural boards at the compressor inlet
forms. This phenomenon results in significantly greater total
pressure distortion than other structures.

4) Based on the target distortion combined with the pre-
diction formula, the equivalent simulation design for ship
distortion can obtain the corresponding simulation board
height. Furthermore, the flow field can be adjusted by
changing the drilling method. Different double board struc-
tures can also be used to change the strength and distribution
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of the low-pressure zone, thus achieving equivalent simu-
lation of different types of distortion patterns.
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