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1.

OBJECTIVES

State the function of the once-through
steam generator (OTSG).

List the three heat transfer regions of the
OTSG.

Describe How & Why the areas associated
with the 3 heat transfer regions change with
an increase or decrease in plant load.

Explain why the differential temperature
between the tubes & shell of the OTSG is
critical, and explain how it is maintained
below the critical value.
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Tube bundle is wrapped by two cylindrical
shrouds.

Lower shroud (FW shroud) directs
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Secondary Flow Path
FW sprayed in FW annulus. Nozzles approx. midpoint
of the shell.

FW is preheated in annulus by steam from tube
bundle region through aspirating ports.

Aspirating ports are gaps between the steam shroud &
FW shroud.

FW is at saturation when it flows from annulus to tube
bundle region.

FW is transformed into saturated, then superheated
steam by the time it reaches upper tube sheet.

Superheated steam directed down the steam annulus
& exits the OTSG through one of two steam nozzles.

Steam nozzles located just above FW nozzles.
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Heat Transfer Regions

* Unlike U-tube S/Gs, the OTSG produces
superheated steam.

* This is accomplished in 3 separate regions
of the tube bundle:
— Nucleate boiling region.
— Film boiling region.
— Superheating region.
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Nucleate Boiling Region:
Saturated FW becomes
saturated steam in this region.
Tubes remain wet & small
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PFleI\llnﬂgeY/ Film Boiling Region:

Steam blanket gradually forms
on tubes.
Phenomenon fully develops in
1 M a very short axial distance.
Y Steam quality ~ 100% at top of
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OUTLET Size of region stays relatively
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PRIVARY — | Superheating Region:

Steam is superheated a
minimum of 35°F.
Size of region decreases as
h M power increases.
" At higher loads, less surface
area available to add superheat.
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OTSG Operations > 15%

Q UA (Tave sat)
T, & T, held constant by ICS.

For power increase, the OTSG relies on change in
size of nucleate boiling region.

As power increases, more FW, more tubes covered
(larger nucleate boiling region), more heat transfer.

The amount of superheat added increases until
load ~ 50%.

Above 50%, size of superheat region decreases
& amount of superheat added decreases.

Always a minimum superheat of 35°F.
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Temperature, F

620 I
Primary Fluid Temp
o eoooo0o0 o000 Average Tube Wall Temp
— = = = = Shell Temp
——— = Steam Temp
600 ___/
580 / >
Mean Tube 1 N
/_ Temp S -
oo ——— ] §&
* aﬂ 4 HO
[ ° :
(2] J ° 0- t,
560 oo f ; Steam Generator
woloo : I Tube and Shell
000°° " / / Temperature vs.
Mean Shell . 7/
Temp / / Tube Length
540 4 2 .
e = e w mm w m— mm— f—— T S F|924_6
520 | l |
0 20 40 60 80 100 15

Tube Length, % of total



Thermal Stresses

« Caused by differences in coefficients of thermal

expansion of tubes & shell and differences in tube
& shell temperatures.

 Potential to overstress tubes.

* High stress points:
= Tubes
= Shell
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Thermal Stresses (cont)

* Normal ops, tubes hotter than shell:
= Compressive stress on tubes, Tensile Stress on Shell.
* Tube-to-shell AT minimized by:

» Lower part of shell is heated by FW preheated from aspirating
steam in FW annulus.

» Upper part of shell is heated with superheated steam flowing
down steam annulus.

* During H/U:

= Extend vacuum to SGs, or
= Use recirculation system to heat shell.

* During upsets in heat transfer:
» Tube-to-shell AT addressed by EOPs.
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