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Abstract
The design and the follow-up of a once-through circulation boiler differs from the design and the follow-up of a conventional boiler. A

specific thermodynamic model has to suit very high pressure, sub- and supercritical steam properties. General equations have to be used

for each tube of the boiler to take into account the fact that the liquid-vapor phase transition can occur in different locations according to

the operation conditions. Thus, it is no more possible to develop empirical equations corresponding to each part of the traditional heat

recovery steam generator: the economizer, the evaporator and the super heater. The mathematical complexity as well as the number of

equations is increased. Furthermore, in the supercritical case, no phase transition is observed and correlation to predict pressure drops

and heat transfer must be reliable for any density of the fluid.

Traditional HRSG simulation
Mathematical models for traditional boilers are usually based on empirical

equations corresponding to each part of the boiler: the economizer, the boiler

and the super heater.

RESULTS. We use VALI-Belsim software to simulate the traditional 180 bar

«one pressure steam» boiler. We obtain information on temperature before and

after each part of the boiler. We also obtain the different heat transfer

coefficients and some additional information as pressure drops, fluid velocity,

etc.

Once-through HRSG simulation
THERMODYNAMIC MODEL. «IAPWS-IF97» Industrial formulation for

the thermodynamic properties of water and steam has been used.

EQUATIONS.

( ) ( )

( ) ( )

Q A T T
T T T T

T T
T T

T
T T

sl sl

mf w mf w

mf w

mf w

mf

f f
= =

− − −

−
−













=
+

α * * ;

ln

;∆ ∆
1 2

1

2

1 2

2

1 1 1

α α
λ α

= + +
app w

i

i

e

A

A

A

A
* *

 ; α α ηapp f

po

f

foA

A

A

A
= +









*  ; α

λ
i

Nu

d
=

*

( )( )
( )( ) ( )

single phase→ =
−

+ −
=

−
Nu

lξ

ξ
ξ

/ Re Pr

, / Pr
;

, log Re ,
/

8 1000

1 12 7 8 1

1

182 1 64
2 3

10

vaporisation→ = +α α α( ) ( ) ( )z z zconv B

3 33
4500 700

0

100

200

300

400

500

600

700

E
C
O
V
36
A

E
C
O
V
34
A

E
C
O
V
32
A

E
C
O
V
30
A

E
C
O
V
28
A

E
C
O
V
26
A

E
C
O
V
24
A

E
C
O
V
22
A

E
C
O
V
20
A

E
C
O
V
18
A

E
C
O
V
16
A

E
C
O
V
14
A

E
C
O
V
12
A

E
C
O
V
10
A

E
C
O
V
08
A

E
C
O
V
06
A

E
C
O
V
04
A

E
C
O
V
02
A

S
U
P
H
06
A

S
U
P
H
04
A

S
U
P
H
02
A

L
O
A
D
 (
k
W
)

0

50

100

150

200

250

300

350

400

450

T
E
M
P
E
R
A
T
U
R
E
 (°C

)

LOAD FUMES IN WATER OUT

Possibility to use the same mathematical model (with some small 

improvements) with traditional HRSG

Flow Pattern Diagram for Horizontal Flow (VDI (1993))

 Flow in tubes  with 5.08t/h and 5.166t/h
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