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A Study on the Performance Analysis of 100kW Class
Radial Inflow Turbine for Ship's WHRS by CFD

Yongseok, Choi

Department of Marine System Engineering
Graduate School of

Korea Maritime University

Abstract

The rising cost of energy and global warming in recent years have
highlighted the need to develop advanced energy systems to 1ncrease
efficiency and to reduce emissions. The availability of energy plays
an 1mportant role in the development and prosperity of a nation. In
recent years, waste heat recovery, renewable energy sources,
cogeneration and combined cycle power generation systems are receiving
a great deal of attention.

WHRS(Waste Heat Recovery System) generates electrical energy from a
ship's exhaust gases. This could reduce the ship's fuel consumption
and CO, emissions.

A turbine 1s a rotary machine that extracts energy from a fluid flow



and converts it into useful work. Axial flow turbines and radial
inflow turbines are the two most common types of dynamic turbines. The
radial inflow turbine stage i1s differentiated from an axial stage by
having the fluid undergo a significant radius change in passing
through the rotor. In other words, in the radial stage the fluid
enters the rotor in the radial inward direction and leaves in the
axial direction. The flow within the rotor passage 1s three
dimensional and complex, hence the use of numerical methods such as
computational fluid dynamics(CFD) is necessary. CFD is analysis of
systems 1nvolving fluid flow, heat transfer and associated phenomena
by means of computer—based simulation.

In this study, performance and internal flow of 100kW class radial
inflow turbine were analysed. Three dimensional simulation was
performed using commercial code of ANSYS CFX 12.1. The radial inflow
turbine was comprised of vane nozzle with 18 blades and rotor with 13
blades. Performance analysis was made for the 1sentropic
efficiency(total-static) and mechanical power covering a range of
different massflow rate, turbine speed and area ratio of the scroll

casing.



Nomenclature

Main symbols

>

area

>
=

area ratio

absolute velocity

specific heat at constant pressure
enthalpy

mass flow rate

pressure

D U357 0O

gas constant

radius

0 -

source term
entropy
temperature
time

blade speed
power

relative velocity

absolute flow angle

% e g g5 cC - 3o

relative flow angle
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Subscripts

N o= O e T T

specific heat ratio
efficiency

dynamic viscosity

kinematic viscosity
density

torque

angular speed

integration point
1sentropic

total state

tangential component
azimuth angle

old time level

inlet

exit
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Fig. 2.4 modeling of scroll casing
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3.2 A3

3.2.1 <+ WA A (Transport Equation)

_ N o
AukA ol f-Zox TFEE &% HAAS A& HAA(continuity

equation), %% WA A (momentum equation), YA =42l (energy

equation)o| ™, Zt7Z} o5 o] AT

@ ° = 3 1
TV (pu)=0 (3.1)
a(aptu)Jrv e (puXu)=—Vp+V + 745, (3.2)
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3.2.2 e nA 2 (State Equation)

 ATolM e FEFTe] AAFses & BAMS ¢ AREF o] YTIA
thal AA71A) RS AFREH o™, Redlich Kwong E 2o A 74 =
Peng Robinson(Aungier Redlich Kwong)E 25 A}83t39 ). Peng
Robinson E¥l H3F b5 2% A Ho w35k = =4 HH A
WA vk 2 (13]
RT a(7)

P= = (3.5)
v=b =2 +b°

A7, v, P, T, = WA, dASY, A==

a(T)=a0<1—n(1—\/T/Tc>>2 (3.6)

0.45724R* T
a, = 7 (3.7)
. 0.0778R 7. (3.8)
- B |
n =0.37464+ 1.54226w — 0.26993w" (3.9)
PU
w =—log, 2 —1 (3.10)
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21(3.18)3} #o] eddy viscosity FEjS] w2 thet Aoz
ofd 4 Urh[11]

o

r\r

S (3.18)
"t max (a,w, SF3) '
A7IAM, v, =u,/p, F, : blending function, S : strain rate
blending functione YHEZe HA¥FS ¢ wF =23 Q4o

o] gt FHIY M Tk A e E VIt e R gt
£ =tanh(arg‘11> (3.19)
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arg; = min|max ﬁ\'/wa’ 50201/), C;pk 2) (3.20)
yw 1 w2Y
oA71A, y= HHORNH 7MF 77k X7HA 9 AYE o did. v
374 Aol
CD,, = max|2p— vkvw,1.0x10‘1°) (3.21)
w2
£ =tanh(arg§> (3.22)
arg, =max 2,\/%, o0y (3.23)
? B wy yzw

SST X do|i} BSL R2e k—ed} k—w AFol9 blendingS 93]
Wyt 7 77k Al fAIg 2= AARE Q2 skt wall
scale W22 21(3.24)9F e d<esh FJEjo] WA o7 Ry S

ATt
Vip=—1 (3.24)
o71M, ¢+= wall scale @& YH|sty HelX = ¢=00°tt. HHAL

= 2(3.25)9} o] Aitso] ),
Wall Distance =—|V ¢+ VIV ¢ +2¢ (3.25)
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Al 4% 100kW A E 9] AdF8)X
4.1 FAENle] AAYA

£ Agtell AFEE FAERE 18719 HQl =F 13719 2 =¥
ole® A gt gk wEAAE S V|EAAE 4Tt

nom, AAALH P42 Table 4.17 Fig. 4.13 2t}

Table 4.1 dimensions of radial inflow turbine

Outer diameter of vane nozzle(D1) 200 mm
Inlet diameter of vane nozzle(D2) 148 mm
Outer diameter of turbine wheel(D3) 127 mm
Inlet diameter of turbine wheel(D4) 87 mm
Inlet angle of vane nozzle 47 .4°
Outer angle of vane nozzle 64.9°
Inlet angle of rotor wheel 0
Outer angle of rotor wheel -49.6° ~ =-72.3°
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(a) front view

(b) side view

Fig. 4.1 dimensions of radial turbine
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Fig. 4.8 Mach number distributions at the vane nozzle
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Fig. 4.9 pressure distributions at the vane nozzle(m=0.5kg/s)
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Fig. 4.10 Mach number distribution at mid span of the vane
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Fig. 4.12 Mach number distribution at mid span of the vane

nozzle(m=0.6kg/s)
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Fig. 4.13 pressure distribution at mid span of the vane

nozzle(m=0.6kg/s)
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Fig. 4.14 velocity vectors at mid span of the vane nozzle
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Fig.4.15 Mach number distributions at the rotor
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Fig.4.16 static pressure distributions at the rotor(m= 0.5kg/s)
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Fig.4.17 total pressure distributions at the rotor
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Mach Number
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Fig. 4.20 Mach number distributions at the vane nozzle with the

scroll casing(AR=0.8)
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Fig. 4.21 pressure distributions at the vane nozzle with the scroll

casing(AR=0.8)
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Fig. 4.22 Mach number distribution at the vane nozzle with the

scroll casing(AR=0.5)
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Fig. 4.23 pressure distribution at the vane nozzle with the scroll

casing(AR=0.5)
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Fig. 4.24 Mach number distribution at the vane nozzle with the

scroll casing(AR=2.0)
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Fig. 4.25 pressure distribution at the vane nozzle with the scroll

casing(AR=2.0)
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Fig. 4.27 velocity vector at the vane nozzle with the scroll

casing(AR 0.8)
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Fig. 4.28 velocity vector at the vane nozzle with the scroll
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Fig.4.29 Mach number distributions at the rotor(AR 0.8)
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Fig.4.30 total pressure distributions at the rotor(AR 0.8)
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Fig.32 Mach number distribution at the vane nozzle with the scroll

casing(AR 0.9)
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Fig. 4.33 pressure distribution at the vane nozzle with the scroll

casing(AR 0.9)
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Fig. 4.34 Mach number distribution at the vane nozzle with the

scroll casing(AR 0.5)
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Fig. 4.35 pressure distribution at the vane nozzle with the scroll

casing(AR 0.5)
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Fig. 4.36 Mach number distribution at the vane nozzle with the

scroll casing(AR 1.5)
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Fig. 4.37 pressure distribution at the vane nozzle with the scroll

casing(AR 1.5)
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Fig. 4.38 pressure distributions on cross section of the scroll

casing
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Fig. 4.39 velocity at scroll casing's outlet
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