)

x4 0p o - . % | . .
& /0 0. @ - 1/0 o
- . 1 & 0.
. DLR 2 & . 0

M. Kunick, H.-J. Kretzschmar, F. di Mare, U. Gampe

CFD Analysis of Steam Turbines with the IAPWS Stand  ard
on the Spline-Based Table Look-up Method (SBTL)

for the Fast Calculation of Real Fluid Properties

Task Group “CFD Steam Property Formulation”:

Hans-Joachim Kretzschmar, Matthias Kunick, Zittau/Goerlitz University of Applied Sciences

Jan Hruby, Michal Duska, Vaclav Vins, Czech Academy of Sciences, Prague
Francesca di Mare, German Aerospace Center (DLR), Cologne
Anurag Singh, General Electric, Schenectady

" # % 1% & "

Evaluation Committee;

Adam Novy, Doosan Skoda Francisco Blangetti, Alstom Power Reiner Pawellek, STEAG

Julien Bonifay, Siemens Energy Ingo Weber, Siemens Energy




=i

# .
DLR 2 & . 0

M. Kunick, H.-J. Kretzschmar, F. di Mare, U. Gampe

CFD Analysis of Steam Turbines with the IAPWS Stand

on the Spline-Based Table Look-up Method (SBTL)
for the Fast Calculation of Real Fluid Properties

ard

3
2 5, # 0
" # % 1% & " 3(
0 s
$& ‘4 /. $4(
5 "$




Dr
# 6
: 0 3
| "# %
1&™ ()*
+ S (




"1 (3

Pressure p [MPa]

0
ideal real real —_
rec® - r Ir p=r=R X
2|0/ ‘
o (- S +
TP e
/
VO 0122 %
034 5!
0 o |
ok S
/ /
olo |
%)
@ .
Qfo
1% ]
400 T 560 6(I)O 7(I)O 8(I)O 900

Temperature T [K]




Pressure p [MPa]

15

10

47 C04#
PR real real
(rPR-r ) ir p—RT a(T)
Ty kg2 2
e 2 2 8 = s v-b v+ 2bv- Db
<t N o o 9 S
e & g ¥ N K o
P - B
| &¢
A
N
30!
q:ﬂo |
/\0/0/_
/b
| 4@ | | |
300 400 500 600 700 800 900

Temperature T [K]




Pressure p [MPa]

%

0.005%

0.003%

1 3
1 89

(f|F97 - r real) Ir real

0.015%

o (p.T)

415 K

S

A’

o
0.05%3

0.05%

®

f;(T,v)

0.2%

(Dp/p)

g, (p.T)

0.1%

Temperature T [K]

0.3%

0.15% "™

V(,O,I‘)R—p_l_ =p (gg +q

S
~——




(T)

ideal

(3

real real
eal) /¢

ideal
P

B 2
QOV/ Q\/
%
Lo
%00
% 0g -
o\obk/
% 06 -
o\omml
% 09 — A\\@

[edN] d ainssalud

Temperature T [K]




(3

1

ideal

(T)

pP*(T,v) and c

# 7

(T)

ideal

real
P

PR real
°R e}/ c

(c

% 0l

% G —
% 0L -
% 0z -
% 0¢ —
% Op % 05
Q\@

[edN] d ainssalud

Temperature T [K]




Pressure p [MPa]

%

N0.4%

# 1
l 89
(CIF97 _ crea
P p
@,
o (pT)
0.2% L&
QQ)

) / Creal

P

®

f;(T,v)

3%

9> (p.T)

0.3%

Temperature T [K]

3
o
0.5%
3
%0 (n0+d (0
[ _T—* p:ﬁ
= =

Qp(p,l‘)zlnp+ nol“]io
i=1
43

g (,0, l‘)=|np+. nip'i ([ ; O.S)Ji

=1

c, (p,

R[):_l‘z(g;?"'g)




47

IDr| £20% | |Dr|£4% IDr| £0.3%
Dc,| £50%| |Dc,| £30% | |Dc,| £0.5%
" # % 1% & it
7 (3




" # % 1% & " P(

St ( 0 7- ot (3
grid of nodes O O 3
S T N A T A P A ¢ #/ .
oo oo oo |
. 'yd of knots of (Vi ,u,-) = pos (Vi’uj)
o o < #
! &) |
oo o1 ¢ oo 0 3
R e ] e e S S . v
v, v p;™ (v.u) = 3y (V- Vi) (u- u)
k=1 1=1
Vi (Vi .
V [ J
1 3  + 3
o 7
. 6
, O l # 1




" %S 1% & - ¥(

= 3 # I/ (3
o7 (v,u) = Ay (v-vi) (- u)

(-Bi M)

2A j

UinNV (p,V) =

A =3y, + DV, (8,5 +8;50;)

B =a, + Dy, (aij 22 T 32D’i)
C= Aij11 + Dy, (aij 21 +aij 31D/i) P
Dv :(V 'Vi)

() =sign(B)




1 89

. (3
3
1 (3
-9
> -9
iIAL:
8

-9
/'!8

'8

'8 h

'8

'8




250

A
Y

v scaled between v(100MPa,u) and v§u)

1 89

(3

150

10°

10

150 <107

75

75

100 _

200

Y
A

Transformations:

Y




1 89

Dyl
kJ/k
1os

107

10*
<10*

(3




11 $ 5
, 1 89
"+8 57 8 57
p£2.5MPa Dp, / p| <0.12%
p(v, u) IDpg / p| <0.001%
p>2.5MPa Dp, | <0.6 kPa
T(v, u) DT, | <1mK DTg| <1mK
s(v U) Ds | <10°kJkg' K*! Dsg| <10°kJkg' K*
W(V, U) Dw_ /w <0.001% Dwg / W <0.001%
h(v,u) DA, 1h| <0.001% Dhg /h| <0.001%
I# 1 89
1 O >?5>?? (-




11 $ 5
0 1 1 89
Computing Time Ratio CTR= Comp.uting time of the calcul_ation from IAPWS - IF97_
Computing time of the calculation from the spline function
1 8940
"$ > @ A B C
I 7 ( l, ( 1 ( 1 1 ! ( 1 O ! _(

Y <=2 3*< <><L <) > ?*2

o <>< 342 <41 32> ?7?3

o ( <>? 3>< <>2 <*1 ?7?)

o <)) =<2 3=7 " ?*<

hl - ( <)* :2) 3:) [ 1] [ 1]

C 32 > ? 31 4> =3

b ( ?7=4 >> 7 *11 <>3 <=?
Processor: Intel Xeon — 3,2GHz
Operating system: Windows7 (32 Bit) 0 # A?? 'C?? (6

Compiler: Intel Composer XE 2011




"$ & 5

-(

blade profile

Dryness fractionx = m

T system boundary

m'+ '

German Aerospace Center (DLR)
Institute of Propulsion Technology
Numerical Methods,

Cologne, Germany

11 4 " $4(
I $A3
3

o + <

o + =4*4 $

D 0@*4 %

; 3

o' 32> !

3




"$ & 5

-(

blade profile

T system boundary

German Aerospace Center (DLR)
Institute of Propulsion Technology
Numerical Methods,

Cologne, Germany

11 4 " $4(
I $A3
3

o + <

o + =4*4 $

D 0@*4 %

; 3

o' 32> !

3




3}

-(

German Aerospace Center (DLR)
Institute of Propulsion Technology
Numerical Methods,

Cologne, Germany

shock-wave

pressure surface

~

Wilson point

11 4 " $4(
I $A3
3

o + <

o + =4*4 $

D 0@*4 %

; 3

o' 32> !

3




"$ & 5

0 = ' ~(
, 0 3 (8"( A( A8 "( 032
1 "$ 3
<42 B<222
1 0 3
<32 B<222
=- EI>? 1 89 4 |-
# $& 7
B?D 0 1 0 _
3
e 0O A




3
!
#C('#D! E
. "8
F B: 6G
" $!
3
- 3
6




" #$ 1% & '"$(3

. , 0 0 0
. # 7
1 525577 |
. 0 # # F >?7
7
. 1 # 1
2 "
e #, 1
e EI>? 1 189
. : BD 1 1 0
e 2= 3
"$ # 0
. 7 0 |
. #
3
" #$ 1% &

g




