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ABSTRACT

Generally, compressor blade shapes are categorized into hot blades and cold blades. A hot blade refers to a shape that has
deformed under external loads during operation, while a cold blade refers to a shape designed without any loads. This
distinction between the hot and cold blade shapes significantly influences aerodynamic performance. Therefore, accurate
performance evaluation requires using the hot blade shape that corresponds to the specific operating conditions. To achieve this,
it is necessary to derive a cold blade shape and convert this shape into the corresponding hot blade shape for a given operating
condition. This process is known as the hot-to-cold (H2C) method. The H2C method employs a displacement-based inverse
analysis to derive the cold blade shape from the initial hot blade shape. In this study, the cold blade shape was derived using
the H2C method on NASA rotor 37, a transonic axial compressor. Subsequently, the hot blade shape for the specified operating
conditions was derived from the cold blade shape. In this study, the aerodynamic performance of the initial hot blade shape
and the hot blade shape was compared under operating conditions, and the structural integrity of the cold blade shape was
evaluated under operating conditions. As a result of the study, it was found that the aerodynamic performance of the hot blade
shape under operating conditions was improved compared to the initial hot blade shape. In addition, it was confirmed that as
the rotational speed increased, the cold blade became more structurally vulnerable, and there was a possibility of resonance in

higher-order mode.

1.M E AR Ts 9 ST WA, dgeR st &
< FEulE ES 4 glof tiF ZRaENlel Heteich 7t o

Y=7le o SHESL 2 Ak AR ofde), tiY 2 2E9t AHoJERE TR, REE FHste] 1408
WA oy RofollAl AR ZEAERIY IRl Y 7)E dEshaL, AHolEE 379 £E25 TEAA oE
4 5 sfiolrh, dubdoR g ZiaEdlels U571, & FUMIRICH ol o tehs AX WA ko] &
A7), 2ar gHlo] ZetE o] Qlek, ZRAEMIONA 457l Jlskal 3717 YEEh 957 A 7FAE Aol o
B dalol 1] AERAE FHIE dTE B, ol8  F2 mARE IE7) s ol BE B A} o] Fol
el F2 S5 5717 ARgE o] S 4571 94 A gtk Dinh 592 NASA stage 37 2HS ARRSo] 77}

¥

Aistn 7)1 A58k Graduate School of Mechanical Engineering, Sungkyunkwan University)
A TSI o X| I LA E] (Energy Research Center, RIST)

* At Td|stw 71488 (School of Mechanical Engineering, Sungkyunkwan University)

+ WAIA A}, E-mail : yjkim@skku, edu

The KSFM Journal of Fluid Machinery: Vol. 27, No. 6, December 2024, pp.62~71(Received 13 May. 2024 revised 19(1Xt) Jul. 2024; 26(2XH) Sep. 2024; 18(3X}) Nov.
2024; accepted for publication 18 Nov. 2024)

SRRV IHER] =2&: M27R, M6S, pp.62~71, 2024(=28 %2Rk 2024.05.13, =24FAUR}: 2024.07.19.(1X1), 2024.09.26.(2X1), 2024.11.18.(3Xh), MAIA2LX}:
2024.11.18)

¥



HoAa
[y =]

1
M
Ju
i
M
)
o

A 7|5tk AA Hael W 3
do|= ek Erlolx] Helg 7177} s B71e)
3 o] FPECEL Ych, Bruni
719] Edjol=of &Y™ (suction side) 2A(squealer) ),
o Ay |, 9 o] R UHAE Aywt 2de gHE
qgelel 4e Brsldon, J1E meo) uls) f4

o =
=B o 2z © o
= _E]-E_J_'_r_xi

—

e (r R

22
X

4
=
ot mju
uli)

-
i
2
R
2
£
>
©
=]
[0)¢]
)
o|x
N

o L

S
AMgste] Z&T b 3] ATt
t} Vu S92 NASA rotor 379]

¢

o of
o,
ox
o
ofth
o

2 e

Qb o
|z
=2

NS
ftlo

oo 2 E ox
>,
ol
o
38

ol
o)
£

g ol
)
oX
o o

o Mo
o

N
N
N

(@1

e
i)
o

=
o

g
T
N o
4 #
o

N o

i we
off & gk op H & oo

ox rE
lo o

shusiole, Aukdow g A% %7

flo do

o o

)

ol e
)
0z

ok g (O B oo d
-
R
=
i
%
|IO
N
N
il
fr)
o
r
fr

BN o
Ry
2

N
)

O

P
o

i i =

Mo & o X (g

o°

4o
e
o
o,
[oN

¢

cold Ed°]E2} hot
2 2770l kol A

EEE I EC DRSS

HekE aresfof gtk

o

Foom, o]F Fal 7)ol dAH hot EFo|=9} A =
ZAofl et HPE hot S¥o|=9] 8 A= HluwskL
cold Edo]=9] = A= F7FsHATH
2, 4xI5H4]
21 =R g7 =24

H oTlof A= NASAQ| He<: =7 A=7| rotor 37
AFmez HAAQsHAr), o] mEle Ay =8 U RuM¥s

Higo 2 A Elom, A A Table 19 713}t
AAE 32 FAME Fig. 1(a), A2 H(meridional plane)
7122 F4 BHS Fig, 1(b)oll YepRSiTt, o] F4
100 % 31 HZolA 258 wf o] hot E¥lo]=o]H, o]&

S=ERHMDIHSE =28 27, MeS, 2024

Aol olx|

rr

=k

Table 1 Results of numerical analysis at the design point of

NASA rotor 37

Number of rotor blades [-] 36
Rotational speed [rpm] 17188.7
Mass flow rate [kg/s] 20.83

Pressure ratio [-] 2
Adiabatic efficiency [%] 85.40
Rotor tip clearance [cm] 0.0356

— Shroud

Blades

Rotational
direction

(a) Configurations of rotor 37

Stn 1 Stn 4

Tip clearance = 0.0356 cm

/

Shroud

=

Flow
Direction

Radial Direction , R

TE

Hub

Axial Direction, Z
(b) Meridional view of rotor 37

Fig. 1 Representation of NASA rotor 37
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Fig. 2 Flow chart of H2C process
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Fig. 6 Grid systems for numerical analysis of CFD

Table 2 Boundary conditions applied in this study

17188.7 (100 % speed)

Rotational velocity [rpm] 12032.09 (70 % speed)

Turbulence model k—w SST
Total pressure [kPa] 101.325
Inlet
Total temperature [K] 288.15
. 90~133 (100 % speed)
Outlet | Static pressure [kPa] 90~ 108 (70 % speed)

Rotor blade

Fig. 7 Grid systems for numerical analysis of static structure
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(a) 100 % speed
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(b) 70 % speed

Fig. 8 Blade surface temperature distribution

Table 3 Material properties of NASA rotor 37

Density [kg/m’] 8000
Young’s modulus [GPa] 180
Poisson’s ratio [-] 0.3
Tensile yield strength [GPa] 1.38
Thermal conductivity [W/m - K] 19.6
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Fig. 14 Comparison of eddy viscosity contours at 10 %
span with 70 % rotational speed
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Fig. 21 Campbell diagram of the cold blade
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