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(two-phase flow)

(single-phase flow)

evaporator
(spray cooling system)
de-superheating system

simple analysis model ,



thermal entrance region
(Laminar flow)
droplet flow

1 1 Bubbly flow, 2. Bubbly-slug flow , 3.
Siug flow, 4. Slug-annular flow, 5. Annular flow, 6. Droplet-annular flow 1. Droplet
flow
evaporator I1l
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void fraction (1.1)
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velocity profile
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(finite difference method)
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121 Lee and Ryley (1968)
1130p. droplet reynolds number 64-750

14.7-29 psia 5-61 degF°
9-39 fps
Nusselt number
Nu =2+ 0.74Re(5Pr(33

12.2 Santalo  Tien (1976)

bundle)
fully-developed velocity profile

velocity profile parabolic velocity profile
gradient

(parallel subchannel)

hydraulic diameter

123 Yao (1979) the heat sink concept

230-

temperature
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parameter (B) local Nusselt number

local Nusselt number

124 Wong  Hochreiter (1980)
hydraulic diameter
125 Rane Yao (1980)

void fraction

126 Hwang (1990)

droplet flow thermal entrance region

2. heat flux
liquid loading parameter(A) .heat sink parameter(S)

parameter(C)  parameter

droplet parameter (B) P
droplet
droplet parameter(B)
3
latent heat

free surface model

wall superheat



L A= (7CdBP, /pWl6.  parameter
2. S= (Mld(hp0®k  parameter
3. ¢ = CfTwT)/hfy  parameter

1.2.7 Ganic ~ Rohsenow ( 1979 )
disperse flow

1.2.8 Langhaar (1942) velocity profile
Navier Stokes equation
velocity boundary layer
hydrodynamic entry' length velocity' profile
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()=~ Z 4» 3 (ot+w) (131)
1.3

droplet flow thermal entrance region
131
132
133
134 local Nusselt number
135 velocity profile Langhaar

velocity profile  parabolic velocity profile

3 1 Heat sink
parameter ( ) 2. Liquid loading parameter (A) . Wall superheat parameter (C)
Lo ' Hwang (1990)
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droplet



flow thermal entrance region

velocity profile hydrodynamic region
fully developed velocity profile

L Heat sink parameter ( ) 2. Liquid loading parameter (A)
superheat parameter (C)

1 Heat sink parameter ( ) 0-120
2. Liquid loading parameter (A ) 0.2-L0
3. Wall superheat parameter (¢ ) 0.1-10

parameter
0.1 MPa- 60 MPa 220-1200
200 fjm
reynolds number 1000
1
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3. Wall
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droplet flow thermal entrance region
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157 Shi-chune Yao
(1979) ' ft
158
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droplet flow Thermal entrance region

spray cooling
system

spray cooling system
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