SECTION CB

TWO PHASE FLOW
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Figure 11 Flow patterns in two-phase vertical flow (courtesy of Babcock & Wilcox)
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QUALITY & VOIDAGE
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QUALITY & VOIDAGE

RELATIONSHIP BETWEEN QUALITY AND VOIDAGE
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FIG. 12-3. a versus x for nonflow water system.



Liquid « vapor mixture Liquid Vaper
TS W/
—p === iy -\

Rk Noly olriody \olky

o -
NS =T\ — Lhewaht

-0, —~ & -
-.a'.;_{-o'?_"':r:j

- -— ey @ am - e

— o= Fuel elements

e e O - = ]

SIS ETREIN
(Q ) ( b) &

FIG. 12-4. Two-phase flow in a heated channel.

In a flow system, the quality at any one cross section is defined by

_ Mass-flow rate of vapor

- . (12-5)
Mass-flow rate of mixture
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IN TERMS 0F votd FRACTION
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" FIG. 12-5. a versus x for water at 1,000 psia and various
slip ratios in a flow system.



334 Two-Phase Flow
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FI1G. 12-10. Typical plots of slip ratio versus channel length at 114.9 psia

(Ref. 124).



HEAT TRANSFER AND FLUID FLOW

HEAT TRANSFER AND PRESSURE DRofP ARE
CALEULATED FRoM EMPIRICAL EQUATIONS BASED
ON NON-DIMENSIONAL NUMBERS

REYNOLDS NUMBER : Re = °—,l'£

RATI0 OF INERTIAL FoRc€ To ViScous
FORCE IN (IVEN APPLICATION

PRANDTL NUMBER : Pr = -‘5‘,’;ﬁ

RATIO of TEMPERATURE GRADIENT To
VELOCITY GRADIENT IN FLUID

D
NUSSELT NUMBER : Nu = '—“K—
| RATI0O OF TEMPERATURE GRADIENT AT WALL

TO REFERENCE TEMPERATURE GRADIENT

IT IS A FUNCTION OF Re AN F3

Nu = f(Re,P-a)
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GENERAL PIPE FLOW EQUATION

it 410 -t - -
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For Equilibrium: XF,. =0
PiA - p,A - TmDL = 0
P P
0.2 g L,
Pg P9 PgA
Now p = pgh thus h = -s-)g—also P = nD
PL
h, - h, = Tp——
Head Loss in Pipe is Difference in Head
PL

h, = To—

) pPgA

. . A Flow Area

Hydraulicradius &, = P  Wetted Perimeter
L

h, = Tgy—

L Opth

T, requires amplification : Assume 1, = f(p,1,V;R})
T, = KRhapb!-lCVn




Carry Out a Dimensional Analysis

N MY/ N s2\°/Ns\S/m)"

2 =) (55 (G (5)
Dimensions on each side must be the same
For N: 1T =b+c¢c =

Forn: -2 =a-4b -2c+n - +----:-:
Fors: 0=2b+c-n  ««-c0.

4 unknowns but only 3 equations

Solve simultaneously in terms of n

c=2-n From (1) and (3)

b =n-1 Substitution into@
a=n-2 Substitution into@

Substitute back into equation for 1,
T, = KR)™2()™ (w2 "(V)"

= KR,)"™2(p),, (P ()2 (v)n2(v)>2

= 2K(thv)In 1 where Rh = -E—i—

= 2K(Re) n-21§ pV2

C o) where C. = 2K(Re)"
= P3 ere Ly =




Substitute back into equation for h;

_ V2 L
=GP PIR,
LV
h = Cf R, 20
For a Pipe of Circular Cross Section
_ D I
Ry = 4 h, = Cf D 2g
Let 4Cf = [ = Friction Factor
_ oLV
h = D 2g
For Laminar Flow in Circular Pipes
h pg
_ L9 2
vV = 32;,LLD
_phL _ oLV
h = 32pg D2V h = D 2g
_ b oLV2 _ 64
= 64DVpD29 where f = Re
_ galLV?
- 64ReD29
For Turbulent Flow in Circular Pipes
L V2 where f is obtained from
he = f532 :
D 2g Moody Diagram
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Fig. 1 Friction-factor Reynolds-number relationship for use in determining pressure drop of fluids flowing through closed conduits
(pipes and ducts).



6.145]

FRICTION FACTOR
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FRlcrloN PRESSURE DIRopP
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FANNING EQUATION
' L V
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f . T = FANNING FRICTION FACTOR
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EQUIVALENT DIAMETER

Fo Nowv- CIRCULAR  duers
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