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@ Create new project
Select desired machine type

Bl L x = | Crturbo 102

PROJECT PREFEREMCES HELP
7 x B O PIF &

Project  Global Performance = Undo Export | Import 30 Reference
information setup prediction T geometry components

General Export = Import

Create new project Open existing project

. —

=0

COMPRESSOR - Radial, Mixed -flow
PUMP - Axial

m

PUMP - Radial, Mixed-flow
TURBINE - Axial

TURBINE - Radial, Mixed-flow
VENTILATOR - Axial
VENTILATOR - Radial, Mixed-flow
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Radial impeller design steps
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@ Global Setup

Specify Design point values and fluid

Global setup (Pump) >
—Design point General machine type: Radial (low pressure)
Flow rate Q f454 mh Q
Head =] H[30 m gP @ '; ﬁ— .
Revolutions n|1770 Imin i._-_- y \\ =1
‘ A
—Fluid B = e e
specific speed ——»
Name | water (20°C} - P
Specific speed (EU} ng 49
— Inlet conditions
Specific work b i 284 3 meis*
Total pressure pt |1 bar
Fower output PG 3T05 KW
— 4 Optional WMass flow m 12588 ko's
Direction of rotation (®) Right (clockwise) TotaHo-total pressure difference Apt 29377 bar
(seen in neg. z-direction} i) Left (counter-clockwise)
Additional
lﬁl}
Hydraulic efficiency fih+ % [E]
Pre-Swiirl
by Flow angle | I by Swirl number |
5 J." Huk |1
r = 1—CygfUg
Shroud [1
v OK ¥ Cancel | ? Help

© CFturbo GmbH
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€ Add impeller component

Select New Impeller in the diagram

-
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Bl | % = | New project (PUMP) - CFturbo 10.2 — X
PROJECT PREFERENCES HELP ~ @
wn Z x & € P F &
Q_ Project  Global Performance  Undo Export | Import 3D Reference
q) information setup prediction T geometry components
General Export = Import
W - - & Meridian | () 30 Model | Repot |
Jradial coordinate | P |
340
C 1r [mm] 4
o]0] o
© — =
300 | &
$ 1 Add component @
@O
T - i
o 260 | Radial/ Mixed-flow Impeller
q) [ Axial Impeller
— <7 Statar
— 390
()] @ Volute
o Existing
E 180 ] +@ From file...
o —
(qe) 140 ]
o === T
1) 100 ]
60 |
20 ]
e e e —Z fmm}
7 axial coordinate
i T T T T i T T T T i T T T T i T T T T i T T T : T T
E‘P -300 -200 -100 ] 100 200
- Progressions
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How to access the single design steps? @\\
C

Fturbo®
Use Impeller menu or components toolbar inside the Meridian shape

T~ \

| H wow | Componegpt  RP ngd9 volute (generic).cft (PUMP] - CFturbo 10.2
Datei PROJECT PREFEREMCES HELP IMPELLER

2 Vv £ /4 =g e =5 |
CFD  Model Model Remove :

®

Main reridional Blade Elade Elade EBlade
dimensions contour properties mean lines profiles edges setup settings finishing design steps

Meridian Meanline blading Additional

Jradial coordinate
158 1r [mm]

Q@S
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Radial impeller design steps
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O Main dimensions © \

CFturbo®
a) General setup b) Empirical parameters
Main dimension Main dimension
+ i Setup | #) Parameters | € Dimensions + D Setup E Parameters | #) Dimensions
v _ . : _ :
o 121 £ ET 121 [~ Automatic | <) Setdefaul
Q [~ Wanual dimensioning
=) § © Parameters
2 = [ Unshrouded Tip clearance [0 mm T | Calculate suction diameter dS with +
- W | [ Spltter blades ¥ | Intake number E efo2
o]0] = 2
(%) Impeller type | d Standard - Calculate impeller diameter d2 with
) Work coefficient v wlo9
©
[ —Power partitioning between impellers Calculate outlet width b2 with
Q H=30m Outlet width ratic E b2/d2 [0.14
Q 0% W o=
o o
E —Efficiencies
o — I Deszign relevant | Information onhy | +
(¢
'_5 Hydraulic efficiency nh |‘§3 %
(q0)
(a'e Volumetric efficiency nv lﬁ?.E o
Tip clearance efficiency mt (100 9%
Additional Hydraulic efficiency nh+ 20 o%
[T use n for main dimenzions (otherwise for BB2 only)
6
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O Main dimensions ©

c) Calculate/ adapt main dimensions

Main dimenzion

CFturbo®

+ D Setup | #) Parameters ©) Dimensions |
e - Shaft |
—anart

Q‘ 121 .

Q Allowable stress ~ T[15 MPa

-'J; ‘E Factor of safety SF[1.15

(=]
(- £ | Min_shaft diameter  d 46.08 mm
=

o]0}

'(7,) —Main dimensions

Q Hub diameter dH |0 mm
© [] Automatic Calculate

| -

Q Suction diameter 05 (188 mm
T) Impeler diameter ﬂ[ﬁﬁﬁ mm 2~ 23° E]
(@} Outlet width b2 FD mm

(¢
©

©
(a'el
Design steps @ @ T/' ‘//f_. / d, v";{
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>
I Values | Meridian Cordier Velocity
Reszultz of mid-zpan calculation
Characteristics L]
Meridional flow coefficient @m 0,136
Flow coefficient pt 0,074
Work coefficient W 0,833
Diameter coefficient G 3,516
Inlet
Average inlet velocity cmS 47 mis
Average inlet velocity (net) cms* 45 m's
Inlet circ. velocity cus 0 mis
Inlet rel. velocity WS 59 m's
nlet pressure oS 02591 bar
Values | Meridian ‘ I Cordier Velocity ‘ Values Meridian | Cordier | I Velocity
Ng 500 1000 2000 5000 10000 20000
= o i = oo s @ absolute (c) relative (w) velocity @ mid-span
20 297 |u [m/s]
P.Iixed-lﬂn:w EU”"E ventilator
gﬁ &b I:Ax\ﬂlgumpl fan s k-
gl
= 10 i
i 21
o
= 7
n 17 ]
o
& 5
K4 1 by
= 13 =
= 3
I [s]
£ 3 ]
@«
o q °
E
=
k=l 2 4
=2 S
5
2 15
@ ] I
. 1 I
0,04 0,08 0,2 0.4 08 2 25 cm [m/s]
— ——— A
Specific speed o = qrwi"l‘m = 5 5 15
. 4 |nformation
v  OK X Cancel | 7 Help | =




© Meridional contour =
Design hub, shroud, leading & trailing edge

CFturbo®

I Meridional contour Od *,
© Primary flow path | © Hub/ Shroud solids Informational values *= ﬁ Addttional Views
e wE | B-PQr&e | &0 | B & Meridional flows | Shvoud |
W = Static moment 5 9375.8 8389.9 mm?2 a =
“ = - Angle on endpain z 83.1 69.6 ° I =] Hub, Shroud | 2 Middie
Q— _:radlal coordinate Angle ofleadinge  yLE 154.2 1116 |=
()] 155 31 [mm] Axial extent hz 943 55 mm
4= ] Radial extent Ar 139.3 52.7 mm
(Vp) 145 Axial extent bladi  AzBl 24,42 43.02 mm
C 1 Radial extentblar  ArBl 106.6 52.4 mm —Axial extension
] P
133 ] Angle of inlet yIn ag © related to midline
OD 1 Angle of outlet Out 0.5 ® v
o= 125 7 ¢ ¥ 2274626 mm
(Vp) ] Curvature progression =~ B 4 A=tAr = 0 T
q) ] Azifr = 0.75
115 9
o) 3 0.0s jourvature [1/mm]
(G 105 ] ; [ Trailing edge fixed on outlet
Q 85
((D] sy | A e s
Q 75 4 5 ;
E ] \ v Coupled Bezier points
a8 . \ v Limit stop Circular Arc + Straight Line ; ; M/MMax
= ] Fixed start angle Straight Line 40 60 80 100
o) 55 ) ,E' Fixed end angle Polyline
— o I 1 T 5
._O 45 ] & = Polyline to Bezier... IE Save curve
m E G Reset curve
35
m ] Contour
25
15 ] F @_‘E Reference components...
51 . | dH Design steps
] o T-AXIs /
57 z [mm] eV £ /7<%
] axial coordinate
R NN e e e e e e R e R e SR
& 5 5 15 25 35 45 55 65 75 8 95 105 ‘ ¢ OK | % Cancel | 2 Hep ‘ =
| 79.6: 184 [ 100 % Hub  Middle  Shroud

8
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Radial impeller design steps
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© Meridional contour

Meridional flow calculation (2D, frictionless)

r’k‘. Meridional contour

© Primary flow path | © Hub/ Shroud solids
O @HE | B-H-&- | & | @iv

Jradial coordinate
4r [mm]

30-Preview
»>

X
N TN
LZ’ 0 1.4

103 mm

Cm progression

X B additonal Views

—Design mode

[ Hub, shroud | 2 Widdie

—Axial extension
related to midline

nz[T4628 mm

AziAr=078

[ Trailing edge fixed on outlet

iCm [mis]

15 : : : ;
2 3 4 5 6 7 8 T LEERLEE LLLLEL - M/MMax [%]

F @_‘E Reference components...

Design steps

el 274

[87.0:338 Middle  Shroud

© CFturbo GmbH

[ 200 % | Hub

] 20 40 60 an 100

v oK | Xcamcel| 7 Hep | =
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Radial impeller design steps

10
18

© Meridional contour =

Design hub & shroud solids optionally

r,;/] Meridional contour
@ Primary flow path # Hubi Shroud solids |
QwE | B-d-& | v B
35 |radial coordinate
1r [mm]
75 ]
85
55 ] Kf
45 ]
[
- 7y
35 | —i
Radiuz v
4 a mm x
i £ |
25 ] I
¢ |
1
]
15 ] |
.
7 iy —_ e — f 1 f L f - — o - —
=]
-15 ]
] Z [mm]
] axial coordinate
T T T
& 25 35 45 55 65 75 a5 95
73.9:327 162 % "~ Snapping &

© CFturbo GmbH

3D-Preview

X | E acdiional views -

. Solid design is only recommended for
/1 fixed main dimensions and primary flow
path.

Solid design

Hub
Shroud

F @_‘E Reference components...

Design steps

el 274

‘\f oK |Xgancel| ? Help ‘
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0O Blade properties 1~

®
CFturbo
a) Blade setup
Blade properties *
Blades Velocity | I Values | Default B Meridian
e Number Number
F -
8 of blades = (@ of spans Tl @ v v
Span =1 (Hub) Span = & (Shroud)
:l. . e . e
(Vp) © Blade setup | ® Blade angles | Leading edge Trailing edge Leading edge Trailing edge
cC ; z 64.7 94.3 11.95 55
- - . _ d 735 278.7 1835 2033
. ED Blade shape Blade thickness ———————— = [mm] aF 90 157 90 171
W) Free-form 307 wil provide best results To consider blade blockade AF 375 182 15.8 18.3
q) . B u 6.8 258 175 272
| 4= Free-form 30 - Leading edge | Trailing edge om gz 3.9 49 3.9
© = Hul 43 43 cu 0 13.9 0 12.8
- o= o P - or 45 28 04 37
Q - Ruled surface 30 B 27 0.8 4.9 1.4
—— c 5.2 14.4 49 13.4
q) /_ Free-form 20 (axial) W 6.3 11.9 17.5 14.4
Q_ L w 86 126 18.1 14.9
I,rf Circular 20 (axial) T 1.28 1.08 12 1.09
— B-pF7 BESlip—— 6=pB-BF i 4 4
E /" Straight 2D (axial) et =P BB-B il 0.4 8 0.3 459
® o— Deviation from blade-congruent flow w2 1.46 0.82
AaF -74.3 -729
o Defintion |Shockless flowrate | v | Model | Guelich/Wiesner - ABF 193 04
o — ARB -11 48
-c RQ = Flow ratio shockless / design ¥ 0.8s 0.87
g Hub [100 %
Shroud [100 %%

4 |nformation

Design steps @ @ V é / é, */H & OK X Cancel | ? Help
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Radial impeller design steps

@ Blade properties 1~

b) Blade angles, velocity triangles

\

CFturbo®

Blade properties

Blades
Number - Number ~
|7 of blades E] of spans 2.1

) Blade setup # Blade angles |

Hub — Shroud

. | — Calculate 88 | [ Automatic (7

Span BB1 [ BB2 []
Hub 4 371 26.1
o 328 24.9
3 284 23.8
Middle
4 241 726
19.8 21.4
Shroud 8§ 155 202

Design steps @ @ V é., i C_// \/H

© CFturbo GmbH

I Velocity ‘ ‘alues

Hub  Shroud

Default BB ‘ Meridian |

Inzide blade pazzage

Cutzide blade pazsage

Leading edge

Trailing edge

cm [m/s]

v OK

¥ Cancel

? Help

4 |nformation




Radial impeller design steps
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@ Blade mean lines

Mean line design on each span position

I Blade mean lines

@, [ - &~ | & | B badetoblade flow

_|meridional coordinate
1.45 |m [-]
1.05 7]
0.65 |
0.25 |
- o tH
eading ed tangeffial toordinate]
. . ; . T T T 7 T a T T :
i} 1
il
1,812 : 0.60098 100 % Hub

Beta progression

|Blade angle £B []

2571 L

15 ]

=

10 20 30 40 50 60

ki3
© CFturbo GmbH

Frontal view (x-y) “*

Q) Zoomblade [ Zoomal

“0 X E] additonal Views -

Design mode

v [mm]
150 ]
50 ]
50
-150 |
-100 0
S
3D-Preview -

>

t, m Conformal mapping

[[] central Bezier point

[¢ Coupled mean lines

Angular positions

VWrap angle P |E1 6 :

(common/ average

Overlapping Ap/t 1.59
ﬁ -4 Set progression » ﬁ
Leading edge Wrap angle

i o0 [7] A [
1 0.0 316
2 0.0 316
3 0.0 316
4 0.0 316

0.0 316
[ 0.0 316

2 @ Reference components...

Design steps

SNV S

~  OK |Xgancel| ? Help

CFturbo®



Radial impeller design steps
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@ Blade mean lines

7

Blade-to-blade flow calculation (2D, frictionless)

(2] Blade mean lines
O BE | By~ &~ | ¢ badeto-blade flow

JImeridional coordinate

1 %
Im[- ]
| iz
B
0.85 | i
1 ey
1 = ; ]
=i |- (Leading gdge langgaialgoordinate
05 0.5 15
i3
| 24788 0.4324 [ 100 % ) Shroud

Blade-to-blade flow - X

w  Rel. velodty

el
2.05 ]
165 |
125 ]
0.85 |
0.45 |
0.05 | m [-]
——— ——
&h 0.2 0.2 0.6 1 L4
0.15 4.15 8.15 12,15 16.15

© CFturbo GmbH

Blade surface values -

w

e

i3

Relative velodty

Jw [m/s]

— T
a 20 40

Hub | mid @) | Shroud |

wiMa /w2 1.00 1.19 1.76
wilMin w1 0.05 0.18 0.22
w2jwl

221 0.95 0.60

m/mbax [%]
80 100

5 additional Views

Design mode

t, m Conformal mapping

[[] central Bezier point

[¥ Coupled mean lines

—Angular positions

Wrap angle
{common/ average)
Overlapping Agit

|ﬁ -4 Set progression » ﬁ

Leading edge

i o0 [7]
1 0.0
2 0.0

0.0
4 0.0

0.0
[ 0.0

Wrap angle
A [
81.6
381.6
381.6
81.6
81.6
81.6

v »@ﬁ Reference components. ..

Design steps

SNV AR

‘J oK |X§ance|| ? Help ‘E
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© Blade profiles /

Thickness distribution

CFturbo®

Blade profiles O X
@, 1 | B-&5- g0 B AL E NI, E addtionalViews
. 0\ Zoom blade [ Zoomal
) 1Blade thickness —Design mode
4 4 — . . : ] ] ] )
15 [mm] O ¥ [r?lm] : : ; : : ; Linear | lm |
! ) B A [ A A f conos N R, W L Poconad
q) , b ide (PS) LU : E E [~ LE rounded [~ TE rounded
L ol ] + Add Bezier point I o N S B/ boooood -
(V)] 1 / R Besi int L i i i —Basic settings
- _F'_'_,_:—'—'_'_'_'_ — 4 ' ' 1 1 . -
C 2 Emove Bemer poin i . . . ! Thickness definition
1 ) BT I o . Pomesy :
1 = Load polyline ] : : : : ' ' | Perpendicular to mean surface w
QD 1o B Polvline to Bezi '..i....i....i....i....i....i.‘?(.[.“."."'.] )
o= 14 olineto Bezer.. o 300 200 100 0 100 200 300 S5-PS-Louping
2! 18 . . » Symmetric w
q) 18 .. =, Load profile from profile manager
0o Blade to blade - <
z s 1< r 2 Global control peint count
18 ke Sove polyiine [tangential coordinat E =
(- 471" {7 Reset RE RO [« Flexible length position
— ] —-___‘___—____D___—— i / ; —Hub to Shroud’ Tip (spanwise)
q) 2 ] H“\-\_\\ _JJ_,_,_/—"’/_F J J ' 0 [~ identic profiles
(@) ] o 0 I i prTees _
a7 ; e {33) 4 ' Thickness exponent |0
E ] i I [%] ] : o m[]
— 2] rel. blade length| % L {REMAIONAL COOMAINATE | - symmetry at edges (hub)
T T T T T T [ T T T 7 T T T T T T T [ T T T 7
—— 0 1 2 3
S o 5 25 45 85 85 105 [ Leadingedgel %
._5 | 27602 : 2.8257 100 % Hub  Middle  Shroud Meridional thickness 2
= = i Trailing edge |0 %
(.U Jradial coordinate : By
Jrimmj} I T
oc 130 [mm] :
i j [ Reference components...
] E E ! ! ! ! 1 - zmm] | pecion steps
P I [pemescemas o pesmessasa H Falhbhb Yoo axial coordinate] P
j g g 0 0 0 0 — T
J e e — 50 150 @@T/’ﬁd”/ﬂ
] : : : : : I[%] |
T T T T T T [ T T T [ T T T [ T T T | T T T 7
5 25 45 85 a5 105 =
U orc = ‘ o OK | Xgancel| ? Help ‘E
¥ Diagrams synchronized in extension W Fit s-extension o 1 2 3 4 5 6 7 8
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© Blade edges &~

Round/ trim leading & trailing edge

CFturbo®

Blade edges O X
Leading edge ‘ Trailing edge l 3D-Preview < |E additional Views |v‘
> =

QWE  B-E-&- | F/S B

Design mode

(Vp) Sim| i i i
ple Linear Elipse Bezier
o JBlade thickness
GJ 30 1g [mm] [ Axis-Symmetric
.|_) 23] | Hub-to-zhroud
&L _: () Uniform
C ® T —EF— ''''''''''''''''' (®) Coupled linear
Qo = |
® — ]
8 22__
E Frontal view (x-y} -
_O 20 O, Zoomblade [ Zoomal
| - a1 g
Q 18] 1y [mm]
] 130 |
— 15
e 14 90
E 12 ]
° m— b 50 |
10 1
° — 8
U ] 10
] °]
o a7
] 3
2 ] | Blade paszage area =
P R — ﬁ] ——————————————————— JBlade passage area [mm ! "@ﬁ Reference components. .
] 2400 J
2_— | ] Design steps
] I[mm)| 2200 ] et 2/l
-4 1 Blade length ]
L N N S B S B B B B B S S . — — — 2000 7
m' 6 == 2 6 10 |||||||||||||||||||||||||||||||||||||M|[||||:|I J 0K |xgancel|?ﬂ&|p =
e AR Hub Middle Shroud 20 30 40 50 50 To 80 S0 100
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Radial impeller design steps

3D CAD model

Surface and solid modeling

1 px

1 px

4r 4 4

Bl | x = Component 3D View
PROJECT PREFERENCES HELP IMPELLER 3D MODEL BLADES
E : | I &9 £ Reset view IZ Coordinate system [:l Rotate impeller Point width
Yo ([ Lload view [] show scale Speed 5/10 3 Curve width
Print  Save Fit
view picture view Q H Save view DBackground color v &7 Resolution ~ Isocurves
General View Settings
<recent state> @ m+ - @ < |d5’ Meridian | (0] 3D Model | ] Report |
= [H] Components PN
=[] pipein
#-[H] Meridian

#-[] CFD Setup
=@ Radial Impeller
=-[@] Meridian
[®] Hub
- [m] Shroud
[®] Edges

&[] Flow Domain
&[] Mean surface
=@ Blade
. B[ Main
[0 cFp Setup

=[] volute
- [@] Spiral
- [W] Diffuser
=[] Cut-water
- Center
B-[¥] side A1
Side B1
Sewed Surface
#-[] Flow Domain
#-[] CFD Setup
=-[H] Geometry
[ Points
- @ curves
@] Surfaces
(f Material Default

% Color DCustom...
Transparency |

0 100%

Q@S

© CFturbo GmbH

RP ng43 volute (generic).cft (PUMP) - CFturbo 10.2

[] Activate dipping
Position |0% 3

[Z Show clipping plane

Clipping

B x

Yo
Z.

Flip
direction

i

[~/ Information A

CFturbo®




Radial impeller design steps
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More information

www.cfturbo.com

iy CFluro®
® T“‘b“mlchu.,y Dn:?

CFturbo - Turbomachinery Design Software
What is CFturbo?

«.. From design point to 3D model in a few minutes!

| B -_ i .
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