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Throughflow Analysis of Axial Flow Turbines
— Comparison of Multi-streamline and Mean Line Methods —

Tong Seop Kim

Key Words : Axial Flow Turbine(Z&%-¥nl), Throughflow (3% %), Streamline Curvature
Method (f+4=%&a4%), Mean Line Method (3 ful7d sl A 4]), Pressure Loss(g}
w441 Efficiency (£8)

Abstract

A throughflow analysis program for axial flow turbines is constructed, which can handle not
only the two-dimensional multi-streamline (streamline curvature) method but also the one
-dimensional mean line method. Calculations are performed for single stage and multi-stage axial
flow turbines. For a wide operating range, the performance and flow field calculated by the
present streamline curvature method are close enough to the test data. It is also revealed for the
single stage turbine that the present analysis leads to far better correspondence with the experi-
ment than other researchers’ throughflow analyses. A special focus is put on the comparison of
the results between the streamline curvature analysis and the mean line analysis. It is found that
the mean line analysis can not predict the performance for highly off-designed conditions as
accurately as the streamline curvature method, which shows the importance of considering the

spanwise variation of loss and flow.

Zlzdd ) EA S v
AB, C 4 (6o A m DA erger
Cs Rl | MLM  © HgtubAgd s Aw =23
H ;A ol ek N DAL
h DA ollEks P DEEele Al AYH mE A (9 A
L DEEHeIE Fo -
L DLl wfEk Ak Aol » D Ashy
ar D2abRE 9] wiAWEE ar] (Lol W PRa DA ok v
& A g v HE7] uk 8k
Ym HEA
B, Agdta Hy - FHA AL T4 S NE =



1174

2] 2] (pitch)

Zol=

=N
L2

)
ol

0o

SER

A 7] 7)ol o

Q.
e

Bel)

e
4r
KF

—_—

A

o
N

ok

#) o] =

=N
L=1

wo
=+

<

-
ofo

o2 dlolg wo]xr) ol

=
z]

s

i

.AP
)

G

xo

A

=

101.3 kPaz }

L 71234

3l oF

TR vbtel w4 e ol EE 3 gl A= 9

2 A,
AEES o8

X

o 5325 (flow turn-

ing angle relative to blade)

xr

EE

o % o}A AR A Al v

o] o
AA L

2 PA ol
o] o] Fox] x|

=
=

ek ¥ el A

Lol
o A

ol

ol#] & -8 (total to total efficiency)

A

N

e

Q

7ts

D715 288,15 K2 o}

A
S

ALl

[e]
-

e, o

v 52 8} 524}

o
tﬂ“a"

3

i

7}=]

1A -

3

G A
o

MRS

¢

Akt el -4 s e,

R0

by
)

a4

4

IT

o] & Af )

A

o] £ g

e
=

ge

R

BiE

=T =

T o
= =

&l o

© & B_(hub)

=
C=Y

ol

s

o

7K

2.1

SC

LN
L

oA 7ol 4]

=

- ¥l (tip)

A 77

2| 0]5

=N
|

tet

A

s

et
A

o

(=

A9 Aol A A s

7_|L

o o]

1=
a=

AER

| v

Fo Alerdl

& FRA/E BHoz T4,

Ak

24 A

M

A

of 2|3
Wennerstrom!* Denton®

=
=)

’ Novak®

(2

= Wul

Ao =w

tlo]-Xé A}

]
=

LT

[
st e

AA 27) thAllA

B 2.7] 7 2]

6‘—}

£ ofdlsl 2o

ot E ol A

3

oF



streamline

]

Fig. 1 Definition of coordinates, velocities and angles.
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Table 1 Blade geometric data at selected radii.

. . . . maximum trailing edge
radius | chord | axial chord | pitch | throat | inlet angle blade thickness thickness
226.6 | 64.6 51.96 49.09 | 21.15 10.0 18.73 0.38
stator | 183.5 | 57.8 46.56 39.75 | 15.02 10.0 16.76 0.38
140.4 51.0 41.17 30.41 8.30 10.0 14.79 0.38
232.3 | 672 30.47 4865 | 1440 | —489 4.75 0.52
rotor | 186.5 | 54.9 36.43 39.06 | 14.00 2.80 8.18 0.50
140.7 46.2 42.41 2947 1 12.50 54.5 12.05 0.39

Lengths are in mm and angles are in degree (all data are from reference (13), maximum blade thickness

is read from figure)
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Table 2 Test conditions for the single stage

turbine.
case N/J@ (rpm) my8/8 (kg/s)
S1 3341 7.313
S2 3422 5.346
S3 6397 7.246
S4 6451 6.148
S5 6279 5.024

Table 3 Test conditions for the four stage

turbine.
case | N//@ (rpm) myG/8(kg/s) | PRa
F1 6329 3.682 2.48
F2 6470 3.613 2.03
F3 6685 3.321 1.61
F4 6736 3.149 1.46
F5 4941 3.505 1.78
F6 5074 2.989 1.44
F7 5048 2.930 1.32
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