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ABSTRACT

The comming of high speed computers with large memory size in recent years has allowed the practical
development of codes which solve the Reynolds-averaged NAvier-Stokes (RANS) equations in three

dimensions.
some engine components.

Such codes are already used by the large engine manufacturers for the advanced design of
Different computational fluid dynamics approaches and turbulence models exist,

and it seems essential today to establish their degree of validity for application to typical configurations in
turbomachinery. In 1993 the Turbomachinery Committee of the IGTI of ASME has issued an open
invitation to predict the flow details of an isolated transonic fan rotor called as NASA ROTOR 37. This

paper reports this test case.
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FHH22 CFDAMEAIEY e 23890 o &
& CFDY 98 480 ANdsd] vHe g
gobu7l A8 $95UY NASA Rotor 378 493
37} CFDS| R84 ¢ Brista e z=g9 de
Wzs B ¢ Y £ de AdEz oo gE &
Ag st '

2. NASA ROTOR 37

2.1, Ay

Rotor 37& %710} 4% SHU27\(stage IS
28 grzmaodel grEd dAsel A9
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Equivalent rotational speed,
N‘/ «—%&; 17188.7rpm (1800 7ad/s)

o 7|4,
T, = inlet total temperature
T, = 28815 K (sea level standard atmosphere)

Equivalent rotor tip speed, U} Iﬁ = 4541 nvs

Equivalent mass flow per unit annular ares

m P T 3
A, . 2
i —*’—‘LPA - = 2005 ke/s/m

o3 7] A,
P, = inlet total pressure
P, = 10133 kN/m*(sea level standard atrmosphere)
A,, = annulus area
Rotor total pressure ratio = 2106
Rotor polytropic efficiency = 0.889
Number of rotor blades = 36

2.2. Test casel} 8 ¥4

NASA stage 3791 8 Moore and Reid®s] A8
of RAugA d5E24849 2] dE 4¥E oAl
F33dt. o]Zo] Rotor 3784 NASASA H3%
gAaolch. Fig. 12 38, Aolda die d4¢ 3
¥ HEAS €4 AFE(schematic form)EA] B
2t @A 48R Yol gjF A% HBe

Tip clearsaict = 0.0356 e

Radial divection, r

Axial direetion 7

Fig. 1 Blade and flowpath coordinales
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Fig. 3 Overall perdormance at station 4

b7 199393 194 %<9+ ASME IGTI B E7|AH
A3l XY CFDEESY Hrixge 7]&o] HY
o} Wisler™ 3 Denton” o] z¢le] #As A#g
=2} 314 e}

241, dY =AU

ASME ZE validation @7l A8 2E diolet
= A7 Add dALEAN F2Ase Rotor 378 7F
Axn AR A K3 FAE A VIEF
A4e AAsy] Yt HU2 4 5 AT AFH
T (M) 22 FH A (otor stallBe 47t 9)
SRR AL A%tk 2ETHAANY FHH
Bo ) My 09BHES AAHRADL o) A
Fig. 3o) 2otk  ASMEE m/ mume = 098 #
ml Mo = 0925 HlolE] HES CFD AMLE A
Hog MAsEt maed 2P 2093 ke/s A
th 2= BEud REL HAFU leveld ZFEWY)
(P TrpolA B7HR gholth

24.2, ¥558%

NASA Rotor 379 test case® $8] 42 4% d
olBHE AAYALERNA F33HE rotorel] HE o
gk ) PTE overall total pressure ratio®h
adiabatic T&E T AFHFE AEEFA Wl
Mg eggxe o8 FHE gtk IHH&EEE
Zo) vl ER magnetic pick-up system¥} electronic
counter® AHE&3te] EFAAT. =Y AY R "2

- 143 -



| = ]
Lsm—ll [stnin 2 Sin3 Stn 4a! ;4@
§ Shroud -na-u\l 200 ehoed —_—
- =
\ 50% span
; 1 m
s
-__-_-___J \—mlﬂ.
wTT pi——y

19 [] 4.87
Axial Direction, cm

Fig. 4 Measurement stations

Table 1 Aerodynamic surbey measurement locations and flow
conditions at Station 1, z = 4.19cm

| rent o] e L FPrar. [ Tt [ anmjon?y]|  ROEE
o7 25,4203 5435 5008 56.3723 | 0.0637378
840 | 25.1765 6762 0004 457621 | 00414116
900 | 54.8412 9650 0004 57,0618 0.0516270
85, 24,4450 0020 0002 3.1637__ [ 0.0571768

80, 240182 {6041 0000 621197 | 0.0562140 |

75. 23.6220 5048 0002 8042 | 0.0582137_|
70.0 | 232256 10041 0006 B0.0314__| 0.0543242
B5.0_| 22,7980 0034 0008 60.7600__| 0.0631360
0 580 | 222604 0041 78:6012__] 0.0713008
10 514 316713 0048 0908 76.6630 | 0.0713565
1 34, 21,0022 0054 0504 74.7685 | 0.0678612
[E] 37.6_| 305435 0054 6990 72,7606 __| 0.0656431
3 30.0 | 10.0844 0064 06881 613100 | 0.0654621
14 260 | 19.6082 : 9066 50.5740__ | 0.0457685
16 200 | 19.1414 0054 6086 49,6106 0448030
18 16, 18.7452 X 0087 | 48,0840 0422276
T 10, 18.3490 6040 9000 474221 0420137
18 5.0 17.9222 X 0004 B8.3072 0816133

hub radius = 17,5259 cm
1ip eadive = 25,6692 cm
area = 1105.06 cm’

Fig. 49} station 13 station 4 HolA cobra probe$}
g Al (thermocouple) & AHE-3te] wh7ularel ol 9
AelA Ztzt AUk AL wedge probed A3}
Z4stgon, gde) HUYPL station 13} station 4
oA 3B tip Holl MA8 Tt Station 13} station
4 Aox AFuge] ZAHX}L Fig. 501 R
WG o 2= 18X 24Ut

Wi ZET station 104 ZAHAUTE  Laser
Anemometer £% dlo]8l& 4709 hub-to-tip 4R
ojx dojdom =& 5709 blade-to-blade 3HAW
BollA Aol Ak
2 Yeht ok AMS-¥ anemometer) Al&®3 234
WHe Suder et al®, Suder and Celestina®z}
Hathaway et al”o] 41817 71¢5%ch  Laser
data® YA m/ My = 098 B m/ myy = 0925
o] AT oA

°|E &AWEC] IYU3d) AgHe

Fig. 5 Instrument positions (facing upstream)

Table 2 Aerodynamic survey measurement locations at
Staiion 4, z = 1064 cm

1 7. 23.7134 25.3625 .0420720
2 34, 23.5915 225758 0374404
0. 23.4086 31,3590 .0520192
4 85, 23.1648 33.284 .0552114
80, 229514 30.7671 .0510373 |
€ 78. 27381 32,6485 0641682
0. 224942 32.3201 0538135
8 5. 222809 36.2286 0600970
] 58. 21.8761 42.0968 0898147
51, 8713 43.5641 0722654
44. 3360 42, 0711977
37, 0312 40.2774 0668134
30, 20.7264 35,7477 0582003
4 25. 20.4826 29.4308 0488206
20, 20.2692 27.1778 0450834
15, 20.0658 28.7859 .0477674
10, 19.8120 28.4675 .0472227
18 5.0 10,5968 30.8218 0660575 |
hub radius = 19.381 cm
tip radius = 23.823 cn
area = 602.835 e’

2.4.3. Data reduction
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(b) turbulent transport models

Fig. 6 Rotor 37 overall pressure ratio
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Fig. 7 Rotor 37 overall efficiency
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2.4.4. Test case data

Ag dolgEe PFE overall A%, 2H 479 &
T(stationl, stationd)ol419] probe survey HE2 HA
A YR laser velocimeters] A3 g& ¥
. 7188E ZPBY ol ol AYuoEe
NASA Lewis center (Cleveland, OH44135, U.S.A.)9]
Dr. K. L. Suderol# #l¢9= 238d 4¢ 4 gk

CFD ZE=AAS A% dgdolelay dRAEs
station 19841 3% olth, =, Table 1A P/P,,
T/ Trur BT Ml Mo AXE T3 CFDEE
9 ¢ 2Ho R AMEHOoF T

3. Computations

ASME IGTIolA F3& 7] CFD testl ¥ =
= AHgA AdEget. ol BESFE 3D steady
RANS codedth. Overall performance$t choked
o] 8% TN DAWFoR I 42T
3 245 Atole] vlas} Fig. 6014 10744 B A}
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