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Numerical analysis of vane and cooling channels roughness effect on
temperature distribution of gas turbine vane
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ARTICLE INFORMATION ABSTRACT

Roughness of vanes’ outer surface and that of cooling channels’ inner surface have considerable impact
on temperature distribution. Using a rougher surface leads to increased turbulence in near-surface flows
and increases the rate of heat transfer. In this study, vane of a C3X turbine cooled via 10 cooling
channels was simulated -three-dimensionally- by ANSYS-CFX software based on SST turbulence
model, and then the effects of roughness of said surfaces were examined. The results showed that

Original Research Paper
Received 08 May 2016
Accepted 11 June 2016
Available Online 20 July 2016

Keywords: . . N X

HZ);‘tNTrasSfer increasing the roughness of the blade’s outer surface, which absorbs the heat of the hot fluid, to values
Gas Turbine below the threshold of fully rough regime ( Reys < 70 ) makes no significant impact on vane’s surface
Blade Roughness temperature distribution; but increasing the roughness to values higher than this threshold leads to 8%

Cooling Channel increase in surface temperature. This indicates that outer surface of the blade should always exhibit a

transitionally rough regime. Contrary to the outer surface, increasing the roughness of cooling channels’
inner surface, which transfers the heat to the cooling fluid, has been found to be the very beneficial, as
even a slight increase in the roughness of this surface (within the domain of transitionally rough)
decreases the blade’s surface temperature by up to 8%, and improves the hydraulic-thermal performance
factor by about 250%.
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Fig. 3 Section in the grid at the vane leading edge
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Table 2 mainstream flow conditions
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! Sutherland
2 Stainless steel

7 o )lois16 095 1395 i (purde Suilke waise



)‘)),iﬁ.lﬁ [-FRVL T PTVICR R PRV X 53

I m095 031 Slod 2395 23 SIS GLOJLL 9 03 500 28l 6332 o

095

1 075 05 025 0 025 05 075 1

PS (XCx) SS

Fig. 6 Predicted vane surface temperature with three different grid
ujm&u&ubwc_@&mww6“}m

100, ,lp 2, mhw slp anle gloals Jolee glas)) Gudos opl jo
sae Jol glas)] aw jo a5 al a5 Ll o yies,See 200 4 50, 25
Jolao gl )0 5 (25 desd o) 43 520,10 ol o5 4 (55 55,
(35 Sls mhaw) 102l (5 585, d9e jieg,Suo 200 auwle ails
Ar S Gl U A5l Zolaw (o awls ails Jolee glas )| all o
16.24 3.24 s a5 39eh, d3e) yies,Sus 100 4 50,25 ,10
S Vs, sae bl les jo 45wl ab S a0 (64.8 324
D9 8 Doy dass zeba g Al oo 70 ) jieS o0l Ao
ol 4l GBS GaJUS (b gohae 605 ileand sl
Sl 5 S8l Al s g 65 el S 55 g 4SS
055 18 azgi 0590 Wb oy by aS 0gd oo JUIS JBls S SUs
Sl it o @0 b ol PSS b lad cdl Bl L
a5 30 S o Gy 033k 28l s Joe 0l 5 358 )15 jgm S
22 )l Jl (213381 (6) alaly b 5yl = (Sdgyaen 0 Sl o o
Ot o ol bl g oo sauzin lad ol 2l b aslie o (5,5 )
RO P RVRYC g B RV
Nu/Nug
= ©)
(8p/Apo)

-3

)b g 52513

gobw 5 Slo mhw lp on Sle alaie am e sles Jloged oy b
o grhans o5 oy U grlans (525 a3l 45 0l aseiti M7 ST 0 5
Jzl iz 86 (209,500 100 5 50, 25 (5,5) 95 cogmzme
ols’ o 4S5 b (65 Gl b Ll o)l oy slos ies 5 )l
48y O S 23 Y 5 (g S 200 (5 25) 05 43T a5 o 5
ond i op 4y ol Jie Ol by slaa¥ lesel gams )
oo I8 8% ()8 e & o slod

6 s b L ‘51.">|.> b o) -2-3

50, 25 Jolxo (55 £l ) Sloz sl L JUIS A51s mhaw (6,5 (gjlwdpns
sae Jole ) o Jlez p lp 285 el yegSie 100 5 10

7 o )lois16 095 1395 e (yuide Suille wiiie

Lo aw @l (3,8 pis g Yol (ol [)Sea Sl loebl Jga> (sl 2
Jo g, g was Sl gove o plSee Gl il Olsear )
wzsl i bod an e a8 2ol aalsl lej b o ¥sles
107 51 j2eS pytias 5 655 (Kiwges S¥olae oailogdl e =il
wsb
5 SIS Gl U (25,5 5 69909 o7 (o0 DS e -0
2L 107 51 28 ol plyr (55 5 599
S5 100 51 onts ol Jogai b oy o ahaie sloo Jloges -z
RETRRIS gy
Jad loges aSed 5l Pl gy 9 g0 Jo (P liel S
oad ooy las "B K" o Al 4w o sl ey She laie s yeu
5 b 5 S a3 b 5306 o iy IS 1o sbslen o
“oals b T 51 ol gl 5 00,5 sty s & |y Ol bid oo
Syl L8 ciillas o2 slo
2 5 Sl ghaile am (900 sled loged s jlie pw)p jskied
e sbaosls 5 oous o b auglio by ool ond g, "6 S
bla Sy 50 jlid o )0 a0 4w o (gode > aF 048 oo odalin
52U WS cpl adl 005 i o8 @l 3l e (Sl L
3 6y Gl ek 15 ladl slass b aSlils 0y (S Cons p0 sl
o2 5 MalS aukin 5 9 3 4l g0 3 ol s Ll o)l oy gleosls
axlas aslsl jo pluly as)ls oS WSl 20 glaoslo b 5 00g) udaie
e a ) olyr s aly o geke 3 Lol slaws b el
sl 0y ool WS ooy

25 Tobw gilwaned -4-2
Geb 05 Vg, dae (53,5 iy b [14,13] oj0l,655 5 Sessles
H058,5 ol A A 4 |y 5 zglaw (5) alal,

_ u'kg
Reks - 9 (5)
Reks <5 Glo C.Ia...;—;n.”
5 <Rey <50-70 ) desd g —
Rexs >50-70 236l mhw—

-1 -075 -05 -025 0 025 05 075 1
PS (XCx) SS

Fig. 5 Predicted and measured vane pressure loading

204



)‘)),iﬁlﬁ [-FRVL T PTVICR R PRV X 53

I m095 031 Slod 2395 23 SIS GLOJLL 9 03 500 28l 6332 o

Temperature
Contour 1

7.200e+002
7.060e+002 °
6.920e+002 o

6.780e+002 «) ‘3
6.640e+002 k
6.500€+002

6.360e+002

6.220e+002

6.080e+002
5.940e+002

5.800e+002
(K]

7
2

% )

e

Fig. 9 Contours of temperature at vane midspan with rough channels
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Table 3 Mean heat transfer coefficient for smooth and rough channels

(WIMP-K) &)y JUs! on po aSibe

o e
100 5 50 5 25 &5 10 &5 CJ&J Jus
Slo

1691 1296 831 685 575 1
1477 929 735 568 512 2
1445 901 698 551 491 3
1502 939 750 571 515 4
1488 957 720 550 489 5
1482 937 742 579 523 6
1446 874 685 541 485 7
2250 1737 1122 900 702 8
1412 887 685 527 455 9
1664 1221 873 717 555 10
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Fig. 7 Temperature distributions in midspan with external smooth and
rough surfaces
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Fig. 8 Temperature distributions of the blade in midspan with smooth

channels and rough channels
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Table 4 Cooling flow pressure lost for smooth and rough channels

(kPa) Lzs =l o Lot
100 s ; S0 6 256n 106y Sloghs JU
40.18 36.80 30.01 2730 23.82 1
27.41 22.56 2001  17.18 15.71 2
24.02 19.73 17.14  14.96 13.56 3
27.36 22.64 2012 1747 15.71 4
25.10 21.15 1821 1561 14.09 5
30.63 25.46 22.41 19.37 17.73 6
24.62 19.19 1752 1530 13.01 7
103.42 95.96 81.68 75.07 64.02 8
46.99 38.13 32.80 27.84 24,59 9
107.82 96.63 80.19 71.90 58.40 10
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Fig. 10 Thermal-hydraulic performance factor of cooling channels
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