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Abstract

Radial turbine is an essential component of Organic Rankine Cycle system and requires a
medium to high specific speed turbine. Radial turbine has a compact structure that can
easily be made with current additive manufacturing technology if the 3D geometry of
turbine components is known. Current researches only conduct 2D geometry design then
import it into third-party software to construct the 3D geometry. This paper will explain
design methodology to design radial inflow turbines from 0D until 3D using simple tools.
The methods used to determine the geometry were based on Aungier, with modification in
determining value of a, b, and c in nozzle design and Al in Volute design to simplify the
design process. The tools used in design were MS Excel and Autodesk Inventor. Rotor design
starts with determining the two-dimensional parameters. All parameters are calculated
based on the angle and velocities occurring in the velocity triangle at the inlet and outlet of
the rotor using equations proposed by Aungier. Then, the straight, radial and quasi-normal
lines of the blades are drawn based on governing equations. The transformation from 2D to
3D blade coordinates is done by using vector equations. The nozzle is designed by drawing
the camber line profile and calculating the nozzle thickness to get the profile based on the
governing equations given by Aungier. The volute dimensions are obtained by calculating
the area of volute inlet passage and mean radius from mass and momentum conservation
equations. A case study is shown in this paper with R134a as working fluid with the following
range inlet conditions: mass flow rate at 1-2 kg/s, inlet pressure at 1.5 to 5 bar, inlet
temperature at 80 to 130 °C, and power output target between 20 to 25 kW. The CFD results
show that the designed turbine performs well with slight wake flow at the pressure side on
the rotorinlet. A further study needs to be done in order to check the validity of this method
by conducting analysis through experimental.

Keywords: Radial Inflow Turbine, Organic Rankine Cycle, Power Generations, Design
Method, CFD Simulation
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1.0 INTRODUCTION

halocarbons and hydrocarbons as working fluid [5]. ORC can
supply additional power even with low thermal efficiency [6].

New and renewable energy contribute significantly to the national
energy supply in developed countries [1] as well as in developing
countries[2]. The Organic Rankine Cycle (ORC) system is suitable
for utilizing low temperature heat [3] for power generation, such
as heat from geofluid, waste heat, solar heat and biomass
combustion [4]. The system uses organic fluids such as

System efficiency also depends on turbine geometry [7].
Hence, it is important to develop a design method to determine
the ORC turbine geometry. Several authors have studied methods
to design micro radial turbines. The overview of some turbines
builds for ORC shown in Table 1.
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Table 1 Review of works in radial turbine design for ORC for micro power
generation application [6,8-11]

Author O(T(:I':;;t Effl;:;/:})ncy Working Fluid
Alshammari et al. 20-25 30-35.2 R-134a
Fiaschi, et al. 5 69 R-134a
Kang, S.H. 190 84 R-245fa
Jubori, A.M, et al. 13.6 79.05 n-Pentane
Costall, AW, et al. 45.6 56.1 Toluene
Costall, AW, et al 24 79 R-245fa

The design method was first introduced in [12]. The equations
used in the design were developed by Aungier [13]. A general
method for designing radial turbines has been introduced in [14],
while a preliminary design has been proposed in [15]. However,
both papers only discuss the design of 2D parameters. Two other
papers [15,16] reported a numerical simulation to show the
influence of important geometric parameters on turbine
performance and in [17] a thermodynamic consideration on the
radial inflow turbine design is discussed.

This paper will clearly describe the method to design rotor,
nozzle, and volute geometry for radial inflow turbines. The
equations were introduced by Aungier, arranged in a more
systematic order with some modification. The modifications were
when designing preliminary parameters, where the results were
evaluated at 5 conditions chosen from several resources.
Calculation values of a, b, and c when designing nozzle and Al
when designing Volute were taken iteratively. Also, the coordinate
of meridional lines was determined with the help of 3D Drawing

®

¥
Thermodynamics 20 Rotor Design
Data
A 4
Choosing Working Fluid 30 Rotor Design

»|  Preliminary Design ¢

©

A J

Preliminary
Parameter

Choosing initial 3, b, and ©
value

h 4
Dresign
Evaluations Nozzle M.Eridinnal
Coordinate [«
Calculation
h 4
@ —~
Nozzle thickness
distribution
Calculation

©

software to simplify the process. The design process of radial
turbine was shown in figure 1.

2.0 BLADE ROTOR GEOMETRY

The blade rotor of an inflow radial turbine is schematically shown
in Figure 2, divided into several radial and axial sections. Station 1
indicates the inlet volute station, station 2 indicates the inlet to
the nozzle, station 3 indicates the outlet of the nozzle, stations 4
and 5 indicate the inlet and outlet of the blades, and station 6
indicates the outlet of the exhaust diffuser. The design started by
selecting its operating condition: total temperature at inlet volute,
Tyq; the inlet total pressure P;q; the fluid mass flow rate, m ; and
the pressure ratio, %: , followed by selecting a working fluid. Then,
rotational speed ng can be calculated with:

wy/Qs

ns = (AH.7)075 (D

where w is the angular velocity in rad/s, which can be derived from
rotational speed ng. Qs is the volumetric rate in m3/s, which can
be calculated from the mass flow rate m, with density is taken at
station 5(ps). AH;, is the isentropic enthalpy difference of the
working fluid. Then, vs can be calculated from [17]

U

v = —+ = 0.737n,"? @

COS
The jet velocity Cyg and the tangential velocity at rotor inlet, Uy,
can be calculated from [17] as shown in equation (3)

Cos = 24H;q Uy = vCos } 3)
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Figure 1 Radial Turbine Design Process
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Figure 2 Radial inflow turbine with its sections

The total-static efficiency was calculated by

ns = 0.87 — 1.07(n; — 0.55)2 — 0.5(n; — 0.55)3 ()

Figure 2 shows the U, and other velocities in the inlet and outlet
of the blade rotor, and Figure 3 (b) shows some rotor dimensions
that must be determined. Referring to these figures, the inlet
rotor radius r4is calculated from

Uy
"=y (5)

Meanwhile, the inlet rotor passage is determined by using the
following equations [17]:

_ m
T 2mrypaCona (6)
Cna = Cgptantan a, (7)
Uans
Co, = 215 (8)
04 21752
a, = 10.8 + 14.2n,2 ©)

The density at the rotor inlet, p,, is determined by iteratively
using the following equation [17]:

1 2 2 1 2
h4=H4_E(Cm4 +C94)P4= Pt4_EP4C4 Cy
(10)

‘/cmf + Coy® Pry

_ PuldHig(1 —7n)
4

Itis assumed that theoretically the total enthalpy at the rotor inlet
(H4) is equal to the total enthalpy at the inlet volute (H;). Since the
velocity at the inlet volute (station 1) is small compared to that in
the other stations, it can be assumed that the total pressure in
that station (P;;) is equal to the static pressure (P;). The equation
of state that relates the density (r4), static enthalpy (h4), and static
pressure (P,) at the inlet of the blade rotor is needed. For this
purpose, Computer-Aided Thermodynamics Tables 3 (CATT3) are
used [20,21]. The iteration is carried out until the r4, and h, reach
their convergent values.

= Py

Once the inlet rotor radius (ry4) is known, the inlet and outlet blade
thickness and hub radius can be obtained from these following
equation [17]:

tb4 = 0.047‘4 tb5 = 0.027"4 Ths = 01851'4 (11)

- ROTOR INLET

ROTOR OUTLET

(a) (b)
Figure 3 (a) Meridional Section sketch of a rotor (b) Velocity Triangle
detail on rotor passage

The outlet shroud radius (rs) is calculated from and the rotor axial
length (AZy) is calculated from

T
=5<0.78
7 (12)
AZR = 1.5(7'55 - rhS)
(13)

The number of blades and the inlet blade angle can be calculated
from
_ (110 — a,) tan tan a,

k= 30 (14)
Cos — U4)
Cma

ﬁ4=( (15)

Rotor outlet radius (r5) and outlet passage width (bs) are obtained
from following equations [17]

_Tsst s
=t (16)

bs = 155 = Ths (17)

The pitch distance between each blade at rotor outlet sg is
obtained from following equation:
27TT5

Se =
57N (18)

If the Mach number at the rotor outlet is less than 1, then the
throat width, o5, is calculated from

o =55Cm5
T2 (19)
m
Cpg =7————
ms Zﬂrspscms (20)

The density of fluid rs is calculated iteratively using Computer-
Aided Thermodynamics Tables 3 (CATT3) [22, 23] and the enthalpy
equation

21
Iterative calculation is done until C,,55 reaches its convergent

value. Then the relative velocity at the rotor outlet, W, is
calculated from
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Ws = Cmsz + rswz (22)

To get the best efficiency, Cygs is set equal to zero, hence the outlet
blade angle can be calculated from

= ()

* W (23)

Some dimensions should be checked so that the dimensions are

within practical limits. The rotor axial length should be in the range

[17]. Itis also important to keep the % < 1 to avoid choking.
5
AZp = 1.5b, (24)

The ratios of rotor outlet meridional velocity to rotor inlet
absolute velocity and ratio of outlet to inlet meridional velocity are
given by [22,23]:

Cms Cms
OIZSU_4SOI41SES 1.5 (25)

The rotor stage reaction should be in the range [22]
0.45 <R <0.65

(26)
hy—h
Rl 5
H, — Hg (27)
The shroud outline is drawn using the following equation:
r=rg+ (1 —15)Eh2<n<9 (28)
(z —z5)
f=— " (29)
AZp — b,

Where z is a step size value between 0 and Azp — b,. The step size
is determined arbitrarily. The hub outline is made by Making a
quarter circle with radius r, — 75, and its center located on a point
that is parallel with the inlet station and adding a straight-line
segment to the exit or creating a quarter circle with radius AZzand
its center located on a point that is parallel to the outlet station
and adding a straight-line segment to the inlet. After the r and z
values were determined, they were imported to Autodesk
Inventor (Al) to generate the shroud and hub outline coordinates
for the further design process and drawing creating 2D blade
geometry. The illustration of this process both by two available
methods were shown by Figure 4.

Inlet

Centre Centre' Vertical Line
. Parallel with Parallel with Segment
inlet port outlet port  Shr
~
ub
R=ryrys
R=Az,
. Horizontal Outlet
Line
Segment

Figure 4 Detail section of rotor blade

2D blade geometry was transformed into 3D by dividing
streamlines into equal parts. The numbers of streamlines and

quasi normal lines are taken arbitrarily. The intersection between
the quasi-normal lines with the shroud, hub and streamlines
create the coordinate points of the blade. For each point, the
twist angle or polar angle (6;;), the blade angle (B;;) and the
tangential angle of the lines to the axial direction (¢; ;) are then
calculated. Referring to Figure 5,i=1,2,3,.....nandj=h,a, b, c, s.

4 Inlet ;4)

Quilet @

Figure 5 Shroud, streamlines, and quasi normal lines

Streamline was constructed graphically but can also be made by
GAMBIT [21]. The quasi-normal line was constructed by selecting
several z values in the shroud, after which the r ordinates were
taken from the Autodesk Inventor (Al) drawing. The polar angles
for each point along the shroud line (65 ;) were calculated from
[17]:

3 4
es,i(ms,i) = Ams,i + Bms,i + Cms,i Mg it+1

=mg; + dmg Mg, (30)
2 2
dms‘i = (dZS,i) + (drs’i) (31)
cot cot
A= .855
Tss
1 f[cotcotPB, cotcotPs
B=1- [ - ] (32)
my Ty Tss
B
To2my
Tss tantan Bs; = rs tan tan fs = rz, tan tan sy, (33)
Bh‘i(msi) = Dmh,i + Emh’,-3 + th,i4 (34)
Where i and my, ;are calculated similarly as m ;
cot cot
D= Bsn
Tsh
30, 1 [2cotcot Bs,  cot cot B,
=z [ + ] (35)
my= My Tsh Ba
F = 1 [cot cot Bsp, + cot cot B, 20,
my? Tsh Ba m,3

The blade angle (B; ;) and the tangential angle (¢; ;) of each point
along the shroud, hub and every intersection point of the
streamlines and the quasi-normal lines can be determined from
d9j,i i ) d?}"i
cotcot f;; =1, sinsin¢j; =

It dm,,-,i dm,j_i (36)

Referring to Figure 5, the coordinates of the points in the shroud
and hub lines can be calculated from the following equations:
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ISR T

i=T (37)
Xgi = TsiSinsinOg; yg; =15, cos cos Og; (38)
xh,,- = rh,i sin sin Hh,,- yh,i = rh,i COS CoS Qh,i (39)

The coordinates of the streamline and quasi normal line
intersections can be obtained from

Xpi = Xp;i t (Xs,i - xh,i)‘pj,i Yhi

=i+ Usi — Yni)®ji (40)
@, is the fraction length of the quasi normal line from the
intersection point to the hub. ¢;; = 0 and ¢;; = 0 indicates the
intersection point at the hub line shroud respectively. The
ordinates r and z of the points are obtained from the Al drawing.
Figure 6 shows the blade parameters and coordinates.

(a) (b)
Figure 6 (a) Sketch of quasi normal line position on 2D meridional
component (b) 3D Rotor meridional geometry component

The points discussed above are then transformed into three-
dimensional coordinates by using vector operation. Three kinds
of vectors are defined, i.e. [17]: the vector tangential to the blade
profile along the meridional direction (.Sjj,i), the vector along a
quasi-normal line (E)’]-,l-), and the vector that is perpendicular to
the blade profile (ﬂ_i) and defined as equation below:
Sji =Syl + Sy + S,k By
By =Byt +By,j+B,; kT (41)
T'j,i =Sy ji X §j,i =Tyl + Ty jif + Tpjik
The vectors are calculated for each intersection point in the
shroud, hub and other intersections of the streamlines and the
quasi-normal lines. The components of vector 5” can be
calculated from equations below:
Sy ji =sinsin6;; sinsin¢;; sin sin f;; +
cos cosB;; coscosBj; Sy i (42)
=coscos cos 8;; sinsinsin ¢;; sinsinsin f;; —sin
sin sin 0;; coscos cos B; S,
=sin sin ¢;; sinsin f;;

D

The component vector ET’“ for the points in the shroud and the
hub are calculated from:

Xs,i — Xn,i
Bysi = Bxni = - By s
Vs,i — Yh,i
=Byni =" Basi (43)
Zs,i — Zh,i
= Bz,h,i =

L

L= \/(xs,i —xne) + (i = }’h,i)z + (25 = Zh,i)z (44)

Then, the component vector §j_iand T},ifor the other intersection
points are calculated from:

Bx,j,i =sin sin 91-1 By,j,i =CO0S cos 9]"[ BZ,]',L' =0
(45)
Tyji = Sz2,jiBy,ji = Sy,jiBzji Ty,ji
= Sx,jiBz,ji = Sy,j,iBzji Tzji (46)

= Sx,jiBxji = Sx,jiBy,j,i
The coordinates of points on the blade x;;, y; ;, z; ;are the middle
points. Vector transformation above will form a cross section of
the blade at quasi normal lines by connecting the points
calculated by the Equations below with straight lines. Figure 7
shows the blade transformation from 2D to 3D geometry:

1
oy 3% 21 1 = [ 30 21 £ 5 0 [T Ty Taa L )

Where t, is calculated from Equations (12) and changed linearly
from tp4 to tps5. The coordinates of the points that were calculated
from Equations (48) were plotted in Al. The results are shown in
Figure 7. Using the Loft Surface-Patch Menu in Al and taking the
Edge option, the 3D blade image as shown in Figure 7(b, a) was
created. With selection of Stitch Surface to Solid and Revolve
Menu in Al, the image shown in Figure 7(b, b) was generated.
Then using the Circular Pattern Menu, resulted in blade rotor as
shown in Figure 7(b, c).

Inlet

(a)

; C]
¥ outlet
Turbine Blade

(a) (b)

Figure 7 (a) Transformation to 3D coordinates (b) 3D Rotor Figures Results

3.0 NOZZLE GEOMETRY

The nozzle geometry parameters are shown in Figures 8 (a) and
8(b). The input parameters of the calculation are by, ay, r4, Coa, pa,
Ng, and the mass flow rate is m . The aforementioned parameters
are obtained from Equations (6), (7), (9) to (12) and (20) above.

profile

Camber line

¢

—

(a) b

Figure 8 (a) Nozzle blade profile (b) Parameters of guide nozzle
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There is a gap between the blade rotor and the stator nozzle
called the vaneless passage. The relation between r; and ry is
expressed as [17]

T Kib, sinsina

S e

i 7 (48)

K; = 2 for optimum performance [24]. Then, the blade outlet
angle a3 can be calculated from

Cm3
“ = o (49)
m
g = ————
™3 2mrsbsps (50)
CouTy
C93 = 3 (51)

The outlet pitch of the nozzle (s3) and number nozzle Ny and
selection range of r;, is calculated from [17].

2nr
S3 = ——
27 Ny (52)
2
11<—<17
T3 (53)

To develop the nozzle blade profile, the camber line is used. The
camber line is drawn using the following equation [17]:
_ xc(c—xc)
Ye = (c—2a)?  c—2a c2 — 4ac (54)
4D? b XcT T ab

Referring to Figure 8, a and b are designated for location of
maximum camber, and c is the nozzle blade chord length. The g,
b, and c are determined iteratively using the following equations:

0.25 < % <0.75 (55)
1+ (4 tan tann)? (2_ (2)3 —i) -1
b n c \c 16 (56)
c 4tantann

where the camber angle of nozzle () is calculated:
n =X, + X;tantanX,
(57)

P tan tan X3
4b

" 3c—4a
blade angle at the inlet (a;) and the fluid inlet angle (S;) are
determined iteratively from:
4s4 sin sin (B, — a3)
T3 Sin sin a; ] - (58)
T, Sin sin a,

csinsin f, [1 +
Ba=v2—X; (59)
T, COS COS Y, = T3 COS COS V3 (60)

where g is the nozzle setting angle and the following equation for
the length of the nozzle chord (c) is also used:
=13

C=—T—— (61)
sin sinysz

Once the camber line has been constructed, the nozzle profile line
coordinates can be drawn using the following equations:

x=x,105tsinsinK y=y.1+05tsinsinkK (62)
t= trer + (tmax - tref)fe (63)
X
tref =ty + [t3 — t5] (EC) (64)
xC
&= {F forx
<d (c—x) > d (65)
) for for x >
0.4d X¢
e= |- 095 (1- ?) (1-§) +0.05] (66)
9y,
= (5) (67)

To solve some of the equations above, there are several values
proposed by Aungier [17], i.e.:

tr

t t d
2 =0.03; 2 =0.015 2
c C

=006;— =04 (68)

The upper profile was drawn by plotting the x7, and y* coordinates
while the lower profile was drawn using the x*, and y” coordinates.
The coordinates were then imported to Al and the nozzle was
positioned manually by placing the tip of the nozzle’s leading edge
on the outer circle of the nozzle passage and the trailing edge on
the innermost circle. Once the coordinates were well placed, the
coordinates were connected using the Spline Menu and then
Extrude with a value of by. The tips of the nozzle were drawn with
the Tangent Arc Menu. The surrounding nozzles were constructed
using the Circular Pattern Menu.

4.0 VOLUTE GEOMETRY

This study will use external type volute. The volute geometry is
shown in Figures 9 (a) and 9(b) while the input parameters to
calculate the volute parameters were: the density of the fluid at
the volute inlet ry, the fluid mass flow rate (m), and the following
equations:

Cm2 .C Cm2 . _13Cm3
62

2= T ;
sin sin a,

Vaneless Passage
b,

(@ (b)

Figure 9 (a) Volute geometry (b) External elliptical volute
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Then, the aspect ratio S/V is selected between 0.75 and 1.5. Inlet
velocity A, C1, S, r1, and V are calculated iteratively from equations
below:

p1C14; = mn €y = 1,01 Ay

3
<T+ I)SXVrl (70)
r, +V + vaneless passage

Once the volute parameters have been found, the cross-sectional
area of the volute is calculated for various angles (¢) along 360°.

A +V
- =
31-[ max 1 (71)
(F+1)s
Figure 10 shows the formation of the volute. The cross sections
are developed every 30°, then the 3D surface is developed,
covering the cross-sections. At the end of the process, an
extended pipe is attached to the volute.

[

A =
¢ 2m

Figure 10 Formation of the volute

5.0 DESIGN RESULTS AND CONCLUSION

The radial inflow turbine from the design is shown in this section.
A case study is shown in this paper with R134a as working fluid
with following conditions: mass flow rate at 1-2 kg/s, inlet
pressure at 1.5 to 5 bar, inlet temperature at 80 to 130 °C, and
power output target between 20 to 25 kW. The detailed input
parameters for designing the turbine are shown in Table 2 with
the geometry results for rotor, nozzle and volute are shown in
Table 3, Table 4, and Table 5 respectively. Figure 11 show the
complete assembly of turbine generated from the design process

Table 2 Input Parameters for Rotor Geometry

Parameter Symbol Value Range
Fluid - R-134a
Inlet pressure Py 1.5-5 bar
Inlet temperature T1 80-130 °C
Mass flow rate m 1-2 kg/s
Power output target P 20-25 kW
Rotational speed w 20,000 rpm

Table 3 Calculation Results of Turbine Rotor Parameters

Parameter Symbol Value Unit
Specific speed ns 0.53 -
Inlet Mach number My 0.18 -
Inlet rotor radius rs 0.059 m
Inlet blade thickness tb4 0.002 m
Inlet passage width by 0.013 m
Outlet blade thickness tb5 0.001 m
Outlet hub radius r5h 0.017 m
Outlet shroud radius r5s 0.041 m
Rotor axial length Azg 0.035 m
Rotor outlet radius rs 0.029 m
Outlet passage width bs 0.023 m
Outlet mean blade

. S5 0.014 m
pitch
Number of blades N 13
Output rotor power P 21.92 kwW

Table 4 Input Parameters and Calculation Results for Nozzle Geometry

Input Parameters

Parameter Symbol Value Unit
Ratio of a/c a/c 0.3 -
Inlet passage width by 0.012 m
Inlet absolute flow .
oy 1.29 radian

angle
Inlet rotor radius r4 0.058 m
Mass flow rate m 1.6 kg/s

Calculation Results
Location of maximum a 14.58 mm
camber line height
Maximum height of b 28.01 mm
camber line
Camber line chord c 48.63 mm
length
Nozzle inlet tangential X2 49.04 degrees
angle
Nozzle outlet X3 7.29 degrees
tangential angle
Camber line angle g 56.34 degrees
Nozzle outlet radius rs 83.55 mm
Nozzle inlet radius rz 125 mm
Nozzle inlet angle 8, 21 degrees
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Table 5 Input Parameters and Calculation Results for Volute Geometry

Input Parameters

Parameter Symbol Value Unit
Mass flow rate m 1.6 kg/s
Nozzle inlet radius ra 0.125 m
Aspect Ratio S/V 1.1 -
Calculation Results
Parameter Symbol Value Unit

Volute inlet passage A; 0.003 m?
area

Center point radius r 0.154 m

Volute outlet radius ra 0.125 m
Volute maximum S 0.032 m
vertical length
Volute maximum v 0.029 m
horizontal length
Volute maximum radius rmax 0.154 m

Figure 11 Radial Turbine geometry results: (1) Volute (2) Nozzle (3) Rotor

6.0 CFD SIMULATIONS

A 3D steady state flow simulation was performed in order to verify
the design results. The 3D geometry design result of the turbine
was exported to ANSYS Mesh to generate the computational grid.
The result of computational grid generated were shown on Figure
12.

0 0.100 0200 (m)

0.050 0.150

Figure 12 Turbine mesh and setup

ANSYS CFX was selected to perform the simulations. A turbulence
model of k — € was used for the turbulence model. For boundary
conditions, the simulation used a total pressure inlet and static
pressure outlet. The specific boundary was set into two conditions
to improve the validation of this analysis. Condition A with rotor
rated speed of 20,000 rpm, pressure inlet at volute inlet at 3.85
bar, an inlet temperature of 100°C, and pressure outlet at rotor
outlet at 1.81 bar. Then, condition B was set with mass flow at
Volute inlet while keeping the other condition the same as
condition A. In this analysis, one dynamic interface was located
between nozzle and rotor, defined as Mixing Plane model.

Figure 13 and 14 shows streamline distribution of radial
turbine and streamline distribution at midspan of blade. From the
figure, it can be seen that the flow to the nozzle is relatively
smooth with relatively uniform distribution. The nozzle shows
significant velocity changes located near the end of the nozzle
blade, peaking at the nozzle exit. Slight reverse flow occurred in
rotor entrance around pressure area and will only cause slight
flow loss.

ANSYS

2019 R2

o 0200 (m)
— — )
0050 0150

Figure 13 Radial turbine streamline

1.080e-01
[m s”-1]

Figure 14 Blade to blade streamline at mean line (50% blade span)

Table 6 showing the comparison of design results and CFD results.
The result shows that the design has good efficiency and similar
condition results compared to theoretical design, thus validating
the method used in this paper.
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Table 6 Comparison of geometry design results
Parameter Design CFD CFD
Results Results A Results B

Rotation Speed / rpm 20,000 20,000 20,000
Fluid R134a R134a R134a
Output Power / kW 21.92 20.22 35.07
Mass flow rate / kg/s 1.6 1.6 2,15
Isentropic Efficiency /
% 86.94 92.56 86.36
Inlet Pressure (bar) 3.85 3.2 3.82
Static Outlet P

aticutiet Fressure 1 81 1.81 1.80

(bar)

Although the calculation methods discussed above provide a
simple way to determine the radial inflow turbine geometry,
further study is required to see the sensitivity of the assumed
parameters. The coordinates of the turbine geometry can be easily
imported into a 3D printing or additive machine for turbine
production. To prove the validity of the method, turbine
production and assembly engineering has to be done before a real
test in an ORC system can be conducted to verify the performance
of the turbine in the future.
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