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Development of Unified Physical Model for Flow Boiling inside an Internally, Spirall
y, Grooved Tube, which is Applicable for Fluids with Much Different Thermophysical P
roperties

MOMOKI, Satoru
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The flow pattern and heat transfer of evaporating ammonia inside a horizontal s
pirally grooved tube were experimentally investigated. Test fluids used were HCFC123 and ammonia, those ph
ysical properties are much different from each other. The characteristics of experimentally obtained flow
pattern information and heat transfer coefficients were investigated.

At first the limit of currently available model and method to treat this problem were shown through this d
iscussion. The measured flow pattern transition qualities were compared with some available correlations b
oth for a smooth tube and a grooved tube. The new correlations for the transition quality between separat
ed and annular flow regimes, for the transition quality between annular/separated to mist flow regimes, an
d for the heat transfer coefficients in annular flow regime were proposed for both HCFC123 and ammonia by
one equation. Also physical model to treat fluids with much different physical properties were proposed.



(1) -

HFO-1234yf
2
J. Thome.
1
(SD:
SM:

A: AM:

)

[SM] [A] [AM]

eY)

2

¢y

12.5mm

15mm

STB-340-SC
0.4mm

2950mm

32

60

HCFC123

12.5mm

18

15

1350, 2150,



@
HCFC123
G P q
50 ~250kg/m®, 0.2~
0.3MPa, 0—~20kW/m2

30~100kg/m,  0.7MPa, 0
~ 20K/ HCFC123
®) HCFC123,
(
) ( )
HCFC123
@
HCFC123
3
3
1~3

@
Xsa
¢
¢
Mori
Y
O
(p Mori
Froude
Boiling [kg/m*] [kg/m?]
[J/ka] [m/s?]
a grv
a smt
n n
88

(AD) -0.1%,



(MD)

11%

118
@
AD
MD -15, 17%
2
(Mist) (Present)
(Experiment)
30 T T T T
O Eogiment

Heat transfer coefficient,a [kW/(m2 K

®

25

20
Separated | Annular

15 F ]
10k Mist
5F
NH3 P=0.7[MPa]
G = 80[kg/(m?s)] ¢ = 15[kW/m?]
0 i ! ;
0 0.2 0.4 0.6 0.8
Vapor quality , x [-]
HCFC123
Xsa
Y

Xdo

Mass velocity, G [kg/(m2s)]

Mass velocity, G [kg/(m2s)]

150
|
|
120 -
R : A Separated flow (S-M)
-\ O  Annular flow(A)
%0 | @ | ¥ Mist flow(M)
" 1
L NN | | = Present
60 \A @ ---- Momoki et al.(2012)
N . — - = Higashiiue et al.(2006)
0F R ] — — - Yoshida et al.(2000)
L~ .
—-Z——) L /7| meeee Mori et al.(1999)
0 L L L L
0 0.2 0.4 0.6 0.8 1

Vapor quality, x[-]

, P=0.7MPa, q = 5 kW/m2

150

120 -

90

60

A Separated flow (S-M)
O  Annular flow(A)
i X Mist flow(M)

m— Present

Momoki et al.(2012)
— - = Higashiiue et al.(2006)
— — = Yoshida et al.(2000)
------ Mori et al.(1999)

L L
0.4 0.6 0.8 1
Vapor quality, x[-]

(b) HCFC123, P=0.2MPa, q = 5 kW/m2



Horizontally Spirally Grooved Tube,
Proc. of the third International Forum

on Heat Transfer, Paper No.
(AD) (MD) IFHT2012-179, , Nagasaki,
0.3%, 2.93%, Japan, 2012.11.13
-16.16%, 17.88%,
HCFC123 2.8%, 24.5%,
16.97%, 19.94%
@
MOMOKI, Satoru
60244034
@
SHIGECHI, Toru
1 90100883
(1) Satoru  Momoki, Hirofumi Arima,
Yasuto Takashiba, Tomohiko

Yamaguchi, Soichi Sasaki, Correlation
of Transition Boundaries To and From
Annular Flow Regime of Ammonia
Evaporating inside a Horizontal
Internally Spirally Grooved Tube, Proc.
of the 15th International Heat Transfer
Conference, IHTC-15, Paper No.9876,
Begell Hose Digital Library,

2014, 14 pages ( , DOI 2014
)
, 2013
No. A311,
2013.9.12

S. Momoki, T. Fukunaga, K. Narumiya, T.
Arima, T. Yamaguchi, T. Shigechi,
Correlation for Flow Boiling Heat
Transfer Coefficients of Ammonia
inside a Horizontally Spirally
Grooved Tube, Proc. of the 23rd
International Symposium on Transport
Phenomena, I1STP-23, Paper No. 258,
Auckland, New Zealand, 2012.11.22

2012 No. Al33,
2012.11.17

S. Momoki, K. Narumiya, T. Fukunaga, T.
Arima, H. Arima, T. Yamaguchi, T.
Shigechi, Experiments and Correlation
of Flow Pattern Transition for
Evaporating Ammonia inside a




