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Study on the Strut Structure in Improving Aerodynamic Performance of

Gas Turbine Exhaust Diffuser under Different Inlet Preswirls

DONG Yuxuan, LI Zhigang, LI Jun

(School of Energy & Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To improve the aerodynamic performance of the exhaust diffuser, two new types of
struts: bend strut (structure B) and twist strut (structure C), are proposed in this paper for
comparison with the strut of a conventionally typical structure. The aerodynamic performance of
the exhaust diffuser with these new struts at four different inlet pre-swirls is numerically
computed and analyzed using three-dimensional Reynolds-averaged Navier-Stokes ( RANS)
solutions. The numerical approach is validated based on the experimental measurement data of
the exhaust diffuser with the strut of a conventionally typical structure. The results show that
when the inlet pre-swirl is 0. 35 and 0. 48, the struts of these three types of structure have no
significant effect on the total pressure loss coefficient of the exhaust diffuser. However, the

separation flow near Structure B has a greater impact on the outlet flow, resulting in a significant
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decrease in the dynamic pressure coefficient, which in turn leads to a decrease in the static

pressure recovery coefficient. Structure C has no significant effect on the static pressure recovery

coefficient of the exhaust diffuser. With the increase of the inlet pre-swirl, Structures B and C

significantly weaken the corner separation flow near the hub, so that the total pressure loss

coefficient decreases while the dynamic pressure coefficient increases. Compared with the strut of

a conventionally typical structure, Structures B and C significantly increase the static pressure

recovery coefficient of the exhaust diffuser when the inlet pre-swirl is 0.64 and 0.89, and

Structure C increases the static pressure recovery coefficient by 16% and 23% respectively.

Namely, Structure C can improve the aerodynamic performance of the exhaust diffuser at high

inlet pre-swirls and widen its efficient operating range.

Keywords: gas turbine; exhaust diffuser; strut; aerodynamic performance
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Fig. 1 Diagram of the exhaust diffuser geometry
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Table 1 Parameters of exhaust diffuser geometry
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Table 2 Numerical calculation settings
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Fig. 2 Mesh of the exhaust diffuser and the verification

of grid independence
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Fig. 3 Test model of the exhaust diffuser and the measure-

ment system
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Fig. 4 Experimental and numerical calculation results of

radial velocity and axial pressure
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Table 3 Experimental and numerical calculation of static

pressure recovery coefficient
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Fig. 5 Three-dimensional diagram and the profile of the strut
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Fig. 6 Total pressure loss coefficient of exhaust diffusers

variation versus inlet pre-swirls
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(p=0.35)
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(p=0.89)
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Fig. 10 Radial distribution of the total pressure loss coef-

ficient at the outlet of the exhaust diffuser
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Fig. 11 Dynamic pressure coefficient of exhaust diffusers

variation versus inlet pre-swirls
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velocity contours at exit section (¢=0. 35)

http: // zkxb. xjtu. edu. cn

VR DX /)N R RN G A AR 4 50 el 5 3B
JEBVR TN B RBCE K,

13 45 7 R AUTE S 0. 89 I, S 4% A B T
() = 2 0 2k R RN HE P R 2 10 101 AT 1 o s [
Ve v 5 e, i 4 R 1 8 3 4R 43 i) A SRR A 6

4\

0 10 20 30
VAm-s™*)

|

() &5 4 A TR

0 10 20 30
VAm-s~1)

| o v—

() 554 B L HMR

0 10 20 30
VAm-s~1)

(45 C LM
B 13 e i BRI = 4 i 28 B 1 AT 2 B = B (9=0. 89)
Fig. 13 Three-dimensional streamline near the shell and

velocity contours at exit section (p=0. 89)




218 [ S NI S 556 &

2L i 10U AR U B A0 8 B T R ST B TR 45K B ISRy C S AR A i K A AR RO
UNTET 13 B 7« SCAE RPN A 30 2 A S P R 4% S5k A SN, #5506 BT 6 MR 11 R,

BiF U AH B ABR B A BRI (8T 13 '8 A), HiZ i R R O AR BESCHURE 0. 35 1 0. 48 I, 3 Fh 4544

A 1) A BRI T RS W H . XL 3 Rl SCIE AR AR T 4
*"Wi&ﬂ’]‘iﬁéﬁ%(l’é‘l 13 fi2'& B)a] LUK B 78 Rk

T A A S T RIS BA B SR T
?iﬁﬁ%ﬁﬁﬁﬁﬂ’]mﬁiﬁj\%ﬁﬂﬂféﬂﬁl,Hﬁ%ﬁ%i\
] R i B 45K B A5k C SCEE RN AN T
TEIX PR X e A P B B FEs Ry C S A
JO7 A I AT Y R s T A R T (H S A
SEAEROGE L H AT L B T s R A 2 S OR
SEFY A SCHEEARO L AT A A X SE i 3 R
AT A BB AT o EL R R Y R SR I R R 50y
Aid AN ] s B Ok 2 BOR L S T RBCE /N, &
12 AP 13 ARG B 11 11 R e e iy 3 i AS [ 245
A8 SRR A [ 2 CPURE T 19 3l T R O AL LA
4.3 BEREMRE

R S A BRI HE Y TR A% i R K S RE
ARZ TR R - 1B 14 25 T AR HURE T HE Y R
LA AR /SR

0.5+

04r-

S 03+

AC, =

o=
(¥}
(=3
S
(=]
(=)
(=]
)
(=}

Bl 14 R[S T HESY RS # R E R
Fig. 14 Static pressure recovery coefficient of exhaust

diffusers variation versus inlet pre-swirls
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Fig. 15 Schematic diagram of the position of the wall

static pressure curve
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Fig. 16 The distribution of the static pressure recovery
coefficient along the axial direction on the shell

wall (;c:O. 35)
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Fig. 17 The distribution of the static pressure recovery
coefficient along the axial direction on the shell

wall (g}=0. 89)
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Fig. 18 Radial distribution of the static pressure recovery
coefficient at the outlet of the exhaust diffuser
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