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Evolution of turbine flow field and aerodynamic excitation force under
rotating detonation environment

ZHANG Weihao' %, LIAO Xiangli', MU Yumo', LI Ruiquan’

(1. School of Energy and Power Engineering, Beihang University, Beijing 100191, China; 2. National Key
Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics, Beijing 100191, China)

Abstract: The turbine-based rotating detonation engine holds the potential to bring transformative
improvements to the performance of aero-engines. However, the exit flow field of the rotating detonation
combustor significantly affects the operation of the downstream turbine. To address the operational
characteristics of turbines under rotating detonation conditions, a moving shock wave model was
established to reconstruct the unsteady inlet conditions of the turbine. Numerical simulations were
conducted to study the turbine’s performance under these extreme conditions to analyze the evolution and
characteristics of its internal flow field and aerodynamic excitation force. The results indicate that the
turbine operates under strong nonlinear inflow disturbances. The interaction between the moving shock
wave and the turbine generates a complex wave system structure. While the wave system structures
upstream and downstream of the turbine are similar, the evolution of shock waves within the turbine varies
with different moving shock wave modes. Under detonation conditions, the main source of aerodynamic
excitation force for the rotor blades is the wave system structure within the passage, resulting in increased
aerodynamic excitation and pressure oscillation on the blade surfaces, while the blade load significantly
decreases.

Key words: rotating detonation; turbine; boundary modeling; wave system evolution; flow field

characteristics; aerodynamic excitation force; aero-engine
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Fig.1 Parameters of moving shock wave before and after modeling
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Aerodynamic design and validation strategy
on hole-shaped pre-swirl nozzles

WANG Shiji, CHANG Qiyue, DONG Ming, FAN Yilong, WU Lijun
(AECC Commercial Aircraft Engine Co. Ltd. , Shanghai 200241, China)

Abstract: Based on the product development process of “function analysis, design definition, and
validation”, the aerodynamic design and validation of hole-shaped pre-swirl nozzles are introduced.
Function analysis of the pre-swirl nozzle is completed by view point analysis, with the system boundaries,
stakeholders, and functions defined. Requirement analysis of the pre-swirl nozzle aerodynamic design is
carried out to confirm the integrity and rationality of design requirements. In the process of design
definition, three different types of pre-swirl nozzles are compared, whose advantages and disadvantages are
analyzed to determine the final configuration of the pre-swirl nozzle. An aerodynamic profile of the hole-
shaped pre-swirl nozzle is generated based on the second-ordered Bézier curve. By design failure mode and
effect analysis (DFMEA), key characteristics related to aerodynamic performance of the pre-swirl nozzle
are identified, and a pre-swirl nozzle validation process that covers the component test, sub-system test, and
core engine/engine test is established.

Key words: aero-engine; turbine; pre-swirl nozzle; aerodynamic design; validation strategy
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Leading edge film cooling effectiveness of variable turbine
guide vane with different opening degrees

JIN Helong', BAI Xiaohui', ZHANG Zhenhua?, LI Penggang’, CHEN Lei?, LIU Cunliang’

(1. School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China;
2. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: The study on leading edge film cooling characteristics of a variable low-pressure turbine guide
vane in a variable cycle engine has been carried out. With 5 typical opening degrees, the pressure coefficient
distribution on the surface of the guide vane has been studied by numerical simulation. Subsequently, the
influence of opening degree and blowing ratio on the variation of film cooling effectiveness and coverage
characteristics has been investigated. The results indicate that the position of the aerodynamic stationary
point of the leading edge is shifted towards the pressure side by reducing the opening degree of the
adjustable guide vane. As a result, the leading edge coolant air flows more towards the suction side,
increasing the cooling efficiency of the suction surface. Furthermore, the reduction of opening degree
causes an improvement in the coolant air advection effect on both suction and pressure sides, but the two
mechanisms are different. Changing the opening degree has little impact on the optimum blowing ratio of
the leading edge film holes, and optimum blowing ratios (M) under different openings are all around M=1.0.
Since the stationary line is above film hole row 4 at 6=0°, the blocking effect is significant, reducing the
surface average air film cooling efficiency by 13.6% compared to that of openings at 6=5° and —5°.

Key words: variable cycle engine; variable low pressure turbine guide vane; film cooling; opening degree;
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Impact of machining deviation on cooling effect of dustpan-shaped film hole
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(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China; 2. Hunan Key
Laboratory of Turbomachinery on Small and Medium Aero-Engine, Zhuzhou 412002, China)

Abstract: The impact of two kinds of typical machining deviation in actual production process on the
cooling effect of dustpan-shaped film holes was studied by numerical simulation. And compared with that
of the elliptic film hole and the theoretical dustpan-shaped film hole. The results show that the cooling
effect of the dustpan-shaped film hole is higher than that of the elliptic film hole with the same hole
diameter and the same cooling air flow. The machining deviation will cause the cooling effect of the
dustpan-shaped film hole to decrease greatly. The results show some reference to the actual film hole
machining and blade acceptance of turbine cooling blades.

Key words: aero-engine; turbine cooling blade; dustpan-shaped film hole; machining deviation; cooling
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Numerical study on the effects of inlet swirling direction on the turbine
guide vane full film cooling effectiveness

FU Zhongyi" %, YU Qiang" 2, ZHAO Dan" , FANG Xinglong" ?, HUANG Qi *

(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China; 2. Hunan Key
Laboratory of Turbomachinery on Medium and Small Aero-Engine, Zhuzhou 412002, China)

Abstract: To obtain film cooling characteristics for a turbine guide vane under inlet swirling conditions, the
effects of clockwise and counterclockwise inlet swirling on the gas turbine first-stage guide vane full film
cooling effectiveness were analyzed by numerical simulation. The variation rules of cooling effectiveness of
the leading edge, pressure side and suction side were summarized respectively. The results show that the
swirling direction of the inlet has an obvious influence on the film cooling effectiveness of the guide vane,
and the cooling effectiveness in different regions is affected by the swirling direction differently. The
coolant on the vane surface is deflected by swirling flow. On the whole, the film cooling effectiveness of the
pressure side of the guide vane is higher when the swirling direction is counterclockwise. The film cooling
effectiveness of the leading edge and suction side is higher when the direction of swirl is clockwise.

Key words: aero-engine; swirling direction; turbine guide vane; film cooling; cooling effectiveness
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Experimental and numerical investigation of heat transfer
characteristics on the whole turbine vane surface

XUE Shulin" 2, WU Xueshen®, WU Nan'- %, LIU Liping" >, HAO Xusheng" % YU Yi" 2

(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China; 2. Hunan Key
Laboratory of Turbomachinery on Medium and Small Aero-Engine, Zhuzhou 412002, China;
3. Military Representative Office of Aviation in Zhuzhou Region, Zhuzhou 412002, China)

Abstract: A comparative study on heat transfer characteristics of the whole turbine vane surface without
films and another one with two rows of film holes was conducted through tests and numerical calculations.
The results show that the heat transfer of the vane surface is influenced greatly by the cascade passage
structure. Heat transfer is strong at the stagnation point of the vane leading edge and the mainstream
severely accelerated position. The generations of channel vortices enhance the heat transfer at the vane end
wall and compress the mainstream towards the middle of the vane. Film holes can enhance local convection
heat transfer of the vane surface, but do not change the trend of the whole vane surface heat transfer.

Key words: aero-engine; turbine vane; convective heat transfer; film cooling; experiment; numerical

simulation
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Numerical investigation of flow characteristics of a pre-swirl system with
two outlet structures: straight and oblique mortise groove

ZHU Xiaohua, GU Dong, GUO Wen, LIU Song
(AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: Three-dimensional numerical calculation methods were used to simulate the pre-swirling system
with two different outlet structures: straight and oblique mortise groove, for a certain aero-engine, the effect
of changing the outlet geometric structure of the pre-swirling system on the gas flow characteristics and
pressure loss of the blade air supply channel was studied. Results were compared with one-dimensional
engineering calculation methods, outcome shows show that changing the straight mortise groove structure
to an oblique one has little effect on the pressure loss of the blade air supply channel. The inlet and outlet
flow rates of the pre-swirl systems of the two structures are slightly different, and there are slight differences
in the flow distribution of each cavity at the outlet of the system. The dimensionless flow rates at the inlet
and the outlet of the system calculated numerically are slightly different from those calculated by
engineering methods, while the non-dimensional flow rates at the outlet of the upper and lower seals are
significantly different, with a relative deviation of nearly 50%, the flow and heat transfer in the regions of
the upper and lower seals are complex, requiring the use of three-dimensional numerical simulation
calculations to enhance design accuracy.

Key words: aero-engine; pre-swirl system; mortise groove structure; pressure drop; dimensionless flow

rate; numerical simulation; engineering methods
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Analysis and research on structural robustness of bolted connections
between discs of high-speed power turbines

BAI Zhongkai' ?, SUN Kai" 2, FU Zhongyi'" ?, YANG Zhefu’, HONG Ji¢’

(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China; 2. Hunan Key
Laboratory of Turbomachinery on Medium and Small Aero-Engine, Zhuzhou 412002, China;
3. School of Energy and Power Engineering, Beihang University, Beijing 102206, China)

Abstract: In order to solve the robustness problem of bolt-connected structures between power turbines in
an actual working load environment, a robustness evaluation method for bolt-connected structures was
proposed. The contact characteristics of the interface under external loads were evaluated based on the
aspects of effective contact area proportion and contact stress. Using the bolt-connected structure between
the multi-stage discs of a certain high-power turboshaft engine’s power turbine rotor as an example, the
proposed connection structure robustness evaluation method was applied. It was found that the effective
contact area of the interface was less than 20%, the maximum contact stress was more than 500 MPa under
the working load environment, and the robustness was poor. On this basis, an in-depth analysis was carried
out on the influence of three typical geometric configurations on the radial deformation, angular
deformation, contact surface state and damage of the connection interface, and the variation rules of the
mechanical characteristics of the inter-disc bolt-connected structures with different configurations along
with the rotational speeds were summarized. It was condensed that the inter-disc bolt-connected structure
has more advantages in its connection robustness at high rotational speeds. Based on the proposed
robustness design method, the optimal design and robustness evaluation of the bolt-connected structure
between the power turbine rotors of a high-power turboshaft engine was carried out. The results show that
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the effective contact area of the interface is more than 65%, and the maximum contact stress of 265 MPa is
only half of the original. This verifies that the robustness design method has a significant effect in
improving the contact surface condition coefficient and reducing the contact stress.

Key words: bolted connection; power turbine; robustness design; high rotational speed; contact surface

state; damage; aero-engine
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