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Hydraulic processes in SGs. Pressure drops
In two-phase flows




Lecture plan

1. Calculation of hydraulic resistances (frictional and local)
Pressure drop in flow over the tube bundles
Calculation of pressure drop due to flow acceleration

Static pressure drop (drop due to vertical head elevation
or drop)
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Friction drop for flow In the
channel

e Homogeneous flow model.
e Separated flow model (Lockhart-Martinelli method)




Calculation of friction pressure
drop for homogeneous flow model

TSKTI method

For circular tubes

Apfr:afr'dl_ (ZW) {1+\|f (ﬂ’_ j}

h P P

Here yw=f(p, pw, X) is determined by means of nhomographs;

&, — friction factor of a single-phase flow for equal flow rate of
fluid;

L, d, — length and hydraulic diameter of the channel;
p', p" - density of saturated water and steam



L

Ted -

=

oy

a7

o T

'gfl CE L fEHﬂd

¥

e

T dr

rpupp 8  aoar miaiate | T [ Frgmieee mme 1]
f e
bb— .

|
= [ I

|

racens” | zes il e
X, oF o4 R -ﬂ# Fag o= 8880
g5 Snm p o oy [ T srnainal s

e ol

o, o

3.5

iR

o

o 2

O, e |" £
- e B P I e
Gl o & 58 At Fll o o= T3 M

Pie, 2.6, Jnouenna wosdgdhmmpenTn b oanan w-="07 & wwe="10 smfe (o), nnmn

HEGGOrPenReMEY TRYS mpu g = 10 e (&),

GOOrPeBneMiaE TRy D T
wa s 10 mfo (e)




Calculation of friction pressure
drop for separated flow model

Lockhart-Martinelli method

(&) =&, o (&)= (&)
dz dz ), dz dz ),

Here

(2] _2:8" X (pw)
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Calculation of friction pressure
drop for separated flow model

Lockhart-Martinelli method

_xd-(pw).
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Calculation of friction pressure
drop for separated flow model

Lockhart-Martinelli method

. _(dp/dz),
%~ (dp/dz),

C 1 _
(DE —l+—+—; Turbulent-Turbulent
Laminar-Turbulent
Cb\f =1+C-X + X* Turbulent-Laminar

Laminar-Laminar
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Order of friction pressure drop calculation
by the Lockhart-Martinelli method

Reynolds number for steam Re,, and water Re, ;

. Friction factor for steam &, and water &;

Specific pressure drop for steam (dp/dz), and water (dp/dz),;
Coefficient X7

. Coefficient C;

Complex @ for steam and water;
Specific pressure drops for steam-water mixture (dp/dZ);
Total pressure drop due to friction for steam-water mixture

Ap,, =(dp/dz)-L

Here L — channel length



Pressure drop in the channel due to local
resistances

Aploc =A ploc.sph |1+ X- (%_]J
0

Here A py.<on - lOCal resistance of a single-phase flow for equal
flow rate of the medium of density p*,
X — steam quality
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Drops due to acceleration in two-phase
flows

Apass pout Oout 1+Xout(pc:,m_1j _/Om O|n 1+Xin[pi,r,] _l)
B | Pin

pout B ]
Here X, Xi, — final and initial steam quality;
Wo outs w0 in— flnal and initial values of circulation rate;
P Plin — final and initial saturated water density;

p"out, p":i. — final and initial saturated steam density
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Static pressure drop (drop due to vertical
head variation) in two-phase flows

Static pressure drop in the channel is defined as the
sum of scales of the fluid columns for all of the channel

sections.
Static pressure drop for flow in the j-section is given by
the equation

(1_61)'9']'hj'9

4 N\

height of the j-
section

saturated saturated
steam water
density density

average actual
volumetric void
fraction in j-section
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Static pressure drop (drop due to vertical
head variation) in two-phase flows

Static pressure drop in the channel is defined as the
sum of scales of the fluid columns for all of the channel

sections.
Static pressure drop for flow in the j-section is given by

the equation
APrus; =| Our s P +(1=0,,, )P -0, 0

Here ] is channel section number;

@avrj 1S @verage actual volumetric void fraction in j-section;
p''is saturated steam density;

p'Is saturated water density;

h; is height of the j-section
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Static pressure drop (drop due to vertical
head variation) in two-phase flows

Note. Static pressure drop is considered to be positive for
upstream sections and negative for downstream sections.
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Thank you for attention




