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Abstract - A thermal-hydraulic design and performance analysis computer code for a once-through steam
generator using straight tubes is developed. To benchmark the developed physical models and computer
code, an once-through steam generator developed by other designer is simulated and the calculated results
are compared with the design data. Also, the same steam generator is analyzed with the best-estimate
thermal-hydraulic system code, MARS, for the code-to-code validation. The overall characteristics of heat
transfer area, pressure and temperature distributions calculated by the developed code show general
agreements with the published design data as well as the analysis results of MARS. It is demonstrated
that the developed code can be utilized for diverse purposes, such as, sensitivity analyses and optimum
thermal design of a once-through steam generator.
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Table 1. Input and output parameters for the developed code

Input parameters

Output parameters

Steam generator Qtotal’ DSG’ Dtube’ ttube’ Gaptube

Lyier A, U, LMTD, number of tube,

anary side ]:jn, 1st» mlst’ Pin, 1st

Glsb Tf,lst(z)’ Tw,lst (Z)’ Pf,lst (2)5 hlst(z)

Secondary side T;n.,Qnd’ m27zd’ Pout.,Qnd

Gonas Tj 2nd(z)7 7,, 2nd(Z)7 Pf,2nd(z)v thd(z)
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Superheated region (Vapor) Gnielinski[ 13]
Boiling region (Two-phase) Chen[15] Gnielinski[ 13]
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Friction factor McAdams[12]
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Fig. 1. Schematic of nodalization for saturated steam exit condition (a) and
superheated steam exit condition (b)
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Table 3. Specification of B&W once-through steam

generator(16)
Parameters Value
Thermal power (M W,;,) 1284
Number of tubes 15531
Tube length () 15.96
Tube out diameter (1m1m) 15.875
Tube wall thickness (mm) 0.864
Tube pitch (mm) 22225
Primary side Secondary side

T, (C) 317.7 237.8

T, (°C) 290.0 312.8

P (bar) 151.7 63.8

m (kg/s) 8273.16 680.4

Superheating - 332

3-2, g¥e Zn

Table 4= 7Jkg]l =9} MARS ZEZ Eaf A4
| B&W W4 S71EAY7] 24 Aelrh F A
W12 & 923 & fAl9] RS Altshet
oA Z 2AE Holx| skt Altkd Add do)
o dHe WA E3FF oF 3.5 %o o= yEhfIch



AR PR WRA HEE S7IEY7] I a4 2= 97

= 27T =

Table 4. Calculation results of the developed code and MARS code

Calculation result

Parameters Design value The developed code
C (CVEIO] C MARS
Ty (°C) 290.0 289.9 2895
Ty (°C) 3128 3124 3129
L, (m) 15.96 16.51 15.96 (Input)
A (m2) 12356 12798 12356 (Input)
Lsubmoled (m) - 2.81 1.71
Loy () : 761 798
I’supm'hsaf«-’d (m) - 6.09 6.27
Subcooled region Boiling region Superheated region Subcooled region Boiling region Superheated region
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Table 5. Pressure drop calculation results for the secondary side with the developed and MARS codes

The developed code MARS
Regions
AP (kPa) AL (m) AP (kPa) AL (m)
Subcooled region 21.56 2.81 13.12 1.71
Boiling region 13.01 7.61 22.31 7.98
Superheated region 5.08 6.09 8.66 6.27
Total 39.65 16.51 44.09 15.96
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Table 6. Specification of simulated recirculation steam generator for integral nuclear reactors

Parameters Value
Thermal power (AW],) 800
active tube length (m) 7.62
Out diameter (mm) 15.875
Wall thickness (mm) 0.864
Pitch (mm) 22.225
Primary side Secondary side

T, (c) 325.7 260.9

P (bar) 155 63.8

m (kg/s) 4446.3 446.1

circulation ratio - 2.59

Table 7. Calculation results of simulated recirculation steam generator

Parameters Calculation result
Loy 1 (°C) 294.7
Lot 200 (°C) 279.6
Ly (M) 7.62
A (m%) 4088.7
Number of tube 10757
Lyseootea (M) 211
Lyyiting (M) 551
Exit quality 0.385
Outer diameter of SG (m) 3.0
Inner diameter of SG () 1.79
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Table 8. Comparison of thermal design specification between B&W OTSG, simulated OTSG for superheated steam and

recirculation
Simulated OTSG
Parameters B&W OTSG
for superheated steam for recirculation
Volume of SG (m*) 109.69 58.56 34.75
Effective hight of SG (m) 16,51 12.84 7.62
A (m?) 12798 6889.4 4088.6
Number of tube 15531 10757 10757
G,y (kg/m?s) 190.6 183.5 4755
. » superheated steam superheated steam saturated steam
Secondary exit condition (AT, =33.2:C) (AT, =37.9%) (z,,, = 0.385)
Average heat flux (k1W/m?) 100.3 116.1 195.6
V/Q (m®/MW) 0.0854 0.0732 0.0434
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Fig. 7. Comparison between B&W OTSG, simulated OTSG for superheated steam and recirculation: (a)
average heat flux and (b) ratio of volume and thermal power
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