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Abstract; Turbine,as the cyclic output power component,is one of the core components of the supereriti-
cal carbon dioxide (SCO,) Brayton cycle. This paper determines a high-precision numerical simulation
calculation model-SST ( extended wall function ) turbulence model by comparing with the experimental data
of the SCO, radial-inflow turbine from Sandia Laboratory in the United States. On this base,by comparing
with numerical simulation results , the incidence loss, rotor passage loss and tip clearance loss for the SCO,
Brayton cycle radial-inflow turbine are analyzed emphatically,and the loss model combination suitable for
SCO, working fluid is determined. The Wasserbauer-Glassman model is selected for incidence loss, the
best angle of incidence is calculated by Chen model; the CETI model is selected for rotor passage loss,
and the Jansen model is selected for tip clearance loss. According to the selected loss model , the multi-

condition flow rate and isentropic efficiency predictions of the high-pressure and low-pressure turbines are
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carried out and compared with the numerical simulation results. The results show that the maximum devi-

ation of the high-pressure turbine does not exceed 2.4% and 1.5% ,and the maximum deviation of the

low-pressure turbine does not exceed 2. 1% and 1.2%.

Key words; SCO, Brayton cycle, radial-inflow turbine, one-dimensional calculation, loss model , mass

flow prediction
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Tab. 1 Main structural parameters of SNL radial-inflow

turbine model'*!

2 A
TS A 126 X S A/ (©) 51
IS 10 24 0 </ (©) 73
WS A F A2/ m 0.095 4
e A5/ m 0.069 8
I /m 0.003 8
IS I e JEL BT /m 0.009
gk O R /m 0.004 4
ST B4R /m 0.067 6
s AR AR /m 0.012 8
EATIRE A SEREAN 0.0319
4 AR SR A (0 60
Mg I 10
R R 11
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Tab. 2 Test data of the SNL radial-inflow turbine'”’

28 T THA2 T3
5:3/r « min ! 25000 35 069 39 140
WA IR/ K 421.25  420.75 476.75
TEVE T S/ MPa 8.284 9.125 9.365
it/ kg - s7! 0.9734  1.631 1.630
WA R/ K 411.05  403.25 455.25
W5 OB TE/MPa 7.606 7.584 7.584
MASHE/KT - kg ™! 6.45 11.56 16.12
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Tab. 3 Numerical calculation results of different Y*

ZH Yt=6 Y*=15 Y*=150
HoEwE/ kg - 57! 1.604 1.556 1.537
W2/ % -1.66 -4.60 -5.76
TR/ - kg ™! 11.32 11.10 10.92
2%/ % -2.08 -3.98 -5.54
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Fig. 2 Grid division of blades leading edge(Y " =6)
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Fig. 3 Grid independence verification of

different turbulence models
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Tab. 4 Inlet and outlet parameters of MW-class

two-turbine at design operating point
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Fig. 6 Comparison of the incidence loss calculated

by different models at design speed with CFD results
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Fig. 8 Comparison of the loss calculated by different
models at design speed with CFD results
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Fig. 10 Comparison of mass flow prediction results

and CFD results at design speed
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and CFD results at 80% design speed
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results and CFD results at design speed
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Tab. 8 Comparison of mass flow prediction

results with SNL test data

28 THAL T2 THA3
SRR kg - 57! 0.9734  1.631 1.630
i (A 5) kg - s 0.99 1.68 1.69
B (A 2) kg - 57! 1.00 1.72 1.72
MR (A5 6) kg + s 1.01 1.78 1.80
TR (2HA 8) /kg » 57! 1.01 1.79 1.81
o2 (4LE5)/% +1.71 +3.00 +3.7
I MEWMNERS SNL LIGEHESTEE
Tab.9 Comparison of efficiency prediction
results with SNL test data
28 THAT THs2  THE3
SRR Yo 80 81 82
FMBCR (A 5) /% 81.8 82.3 83.1
MR (HE2) /% 82.4 83.2 83.5
AR (AE 6)/% 83.4 83.6 84.1
T (A4 8) /% 83.5 83.6 84.2
(A 5)/% +2.25 +1.60 +1.34
4 5 #®

(1) 7E SCO, 2 i 46 (1 = 4E AL (AL T3
SST( Extended wall function) [ 77 T2 it i 465 760 ELAT 43¢
RS PE . 5 Sandia ST ()42 I FE S0 0 5K
PEAR L, it S SRR IR 22 T 4%

(2) HEPEH T BN A= 1Y SCO, At i 48
PURBAILE G, FEE XS s B ik LA
SRl g 451 2 o b o/ 43 2k %6 ] Wasserbauer-
Glassman FEHY, Fe 4 vffy 113507 20k FH B0 IR 4 L
(% J5 AR, 1 ] Chen BCAL, % rim 1B £ < 3% ]
CETI #5184, ] Bk &5 451 25 ] Jansen #5584

(3) i 2 FH A1 SR AR T MW 2 44 20 325 -
PEAT U TR DA R R B o AR T R R

TR KA 22 AN I 3%, AR A AR A K A 22 A o
2.5% ,E—H Rk T BT ik AR R AR X SCO, 2R
BV 1



551 4]

PVTER, 45 I B CO, 7%

B — e AR A 5

.33 .

SE 3k

[1]

[10]

[11]

[12]

DOSTAL V,DRISCOLL M J,HEJZLAR P. A supercritical carbon
dioxide cycle for next generation nuclear reactors[ J]. Massachu-
setts Institute of Technology,2004,154(3) :265 —282.
WA ERIE LK 3K IR LB TR R 5
BT AUBFICHE [ J]. o B TR 2018,38(24)
7276 —7286,7454.
XIE Yong-hui, WANG Yu-qi,ZHANG Di, et al. Research progress
of supercritical carbon dioxide Brayton cycle system and turbine
machinery[ J]. Proceedings of the CSEE,2018,38 (24) :7276 -
7286,7454.
DUTTA A,GUPTA A,SATHISH S, et al. Simple recuperated SCO,
cycle revisited ; optimization of operating parameters for maximum
cycle efficiency[ R]. ASME GT 2019 -90315.
RAMIREZ R,GUTIERREZ A S,ERAS J J C,et al. Evaluation of
the energy recovery potential of thermoelectric generators in diesel
engines[ J]. Journal of Cleaner Production,2019,241.:118412.
VILIM. Development and validation of a radial inflow turbine model
for simulation of the SNL S-CO, split-flow loop[ R ]. Office of Sci-
entific & Technical Information Technical Reports,2012.
WEI Z. Meanline analysis of radial inflow turbines at design and
off-design conditions[ D]. Ottawa, ON; Carleton University,2014.
ZHOU A,SONG J,LI X, et al. Aerodynamic design and numerical
analysis of a radial inflow turbine for the supercritical carbon diox-
ide Brayton cycle[ J]. Applied Thermal Engineering,2018,132.
245 -255.
HIETT G F,JOHNSTON I H. Experiments concerning the aerody-
namic performance of inward flow radial turbines [ C ]//Proceed-
ings of the Institution of Mechanical Engineers, Conference Pro-
ceedings. London, England: SAGE Publications, 1963, 178 (9) :
28 -42.
MOUSTAPHA H,ZELESKY M F,BAINES N C,et al. Axial and
radial turbines[ M]. Vermont ; Concepts NREC,2003.
BENSON R S. A review of methods for assessing loss coefficients
in radial gas turbines[ J]. International Journal of Mechanical Sci-
ences,1970,12(10) :905 - 932.
FUTRAL S M, WASSERBAUER C A. Off-design performance
predicition with experimental verification for a radial-inflow tur-
bine[ J]. NASA, Technical Note,1965:No. TN D —2621.
WOOLLEY N H,HATTON A P. Viscous flow in radial turboma-
chine blade passages [ C ]//Coventry, England: Conference on
Heat and Fluid Flow in Steam and Gas Turbine Plant, 1973

[14]

[15]

[16]

[20]

[21]

[22]

[24]

175 - 181.

WASSERBAUER C A,GLASSMAN A ]. Fortran program for pre-
dicting off-design performance of radial-inflow turbines [ J ].
NASA, Technical Note,1975 :No. TN D —8063.

WILSON D G,JANSEN W. The aerodynamic and thermodynamic
design of cryogenic radial-inflow expanders[ J]. ASME Paper ,
1981,65 - WA/PID -6:1 - 13.

STANITZ J D. One-dimensional compressible flow in vaneless dif-
fusers of radial-and mixed-flow centrifugal compressors, including
effects of friction, heat transfer and area change[ CP]. Technical
Report Archive & Image Library,1952.

WIESNER F J. A review of slip factors for centrifugal impellers
[1]. Journal of Engineering for Gas Turbines and Power, 1967 ,
89(4) .558.

RODGERS C. Paper 5: a cycle analysis technique for small gas
turbines[ J]. Archive ; Proceedings of the Institution of Mechanical
Engineers, Conference Proceedings 1964 — 1970 ( vols 178 -
184) , Various Titles Labelled Volumes A to S,1968 ,183(314) .
37 -49.

SPRAKER W. Contour clearance losses in radial inflow turbines
for turbochargers[ J]. ASME Paper,1988,87 — ICE - 52.
DAMBACH R, HODSON H P, HUNTSMAN 1. An experimental
study of tip clearance flow in a radial inflow turbine[ C]//ASME
International Gas Turbine & Aeroengine Congress & Exhibition,
1999.68 -75.

JANSEN W. A method for calculating the flow in a centrifugal im-
peller when entropy gradient are present[ C]//Royal Society Con-
ference on Internal Aerodynamics ( Turbomachinery ), 1967 .
125 -132.

GLASSMAN A J. Enhanced analysis and users manual for radial-
inflow turbine conceptual design code RTD [ C]//NASA, Con-
tractor Report, 1995 ; No. 195454.

GHOSH S K,SHOO R K, et al. Mathematical analysis for off-de-
sign performance of cryogenic turboexpander|[ J]. Journal of Flu-
ids Engineering,2011,133(3) :031001.

VENTURA C A D M, et al. Preliminary design and performance
estimation of radial inflow turbines;an automated approach[ J].
Journal of Fluids Engineering,2012,134(3) :031002.

OH H W,YOON E S,CHUNG M K. Systematic two-zone model-
ling for performance prediction of centrifugal compressors [ ] ].
Proceedings of the Institution of Mechanical Engineers, Part A:
Journal of Power and Energy 2002 ,216(1) ;75 - 87.

(£F5#H %)



