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A Simple Condensation Model on the Vapor Jets in
Subcooled Water
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Abstract

Phenomena of direct contact condensation (DCC) heat transfer between steam and

water are

characterized by the transport of heat and mass through a moving steam/water interface. Application of
the phenomena of DCC heat transfer to the engineering industries provides some advantageous features
in the viewpoint of enhanced heat transfer. This study proposes a simple condensation model on the
steam jets discharging into subcooled water from a single horizontal pipe for the prediction of the
steam jet shapes. The analysis model was derived from the mass, momentum and energy equations as
well as a thermal balance equation with condensing characteristics at the steam/water interface for the
axi-symmetric coordinates, The extremely large heat transfer rate at the steam/water interface was
reflected in the effective thermal conductivity estimated from the previous experimental results. The
analysis results were compared with the experimental ones. The analysis model predicted that the steam
jet shape (i. e. radius and length) was increasing as the steam mass flux and the pool temperature

were increasing, which was similar in trend to that observed in the experiment.
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Fig. 1 Conical Steam Jet

(Nozzle ID : 20 mm, Steam
Mass Flux @ 280 kg/m>s.
Pool Temp. : 40 °C)

Fig. 2 Ellipsoidal Steam Jet

(Nozzle ID : 10.15 mm, Steam

Mass Flux @ 825 kg/m*-s, Pool

Temp. : 55 °C)
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Fig. 3 Control Volume for a Conical
Steam Jet
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Fig. 4 Control Volume for an
Ellipsoidal Steam Jet
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Table 1 Analysis Case and Results

case 1 | case 2 | case 3 | case 4 | case 5 | case 6 | case 7 | case 8
ro{mm) 10 10 10 5075 | 5.075 5075 | 5.075 5.075
Glkg/m’-s) 280 280 250 825 825 825 600 460
0 otkg/m’) 0.679 0.679 0.620 1.652 1.652 1.652 1.206 0.940
T(°C) 100 100 100 100 100 100 100 100
TWC) 40 50 40 35 55 75 55 55
Uo{m/s) 412.6 412.6 4033 | 499.4 499.4 499.4 4974 489.4
h(MW/m’-C) | 1.290 1.243 1.252 2.009 1.550 1.804 1.606 1.871
keff_ref
(KW/m~C) 6.500 6.215 6.262 | 5.097 3.934 4578 | 4.076 4747
Multiplication | 7119 1 9y | 35 | 41 | 38 | 32 | 28
factor
Representative
Multiplication 19 19 19 35 35 35 35 35
factor
kcff,rep
(KW/m-°C) 12.25 11.81 11.90 17.84 13.77 17.40 14.27 1661
EAHEAT (ko ) Kim et al® o4 & ﬁﬁj Hehd fé } 2 “7*‘“; ‘*‘3"“ ]‘*:*]
_ - - _ 708 Alo sl 7 Hos ol 5
e 13 2 57 2] kA 2 vz Ca L
Ego]’M‘d %:oﬂj‘i‘ ?t\;} foﬂa@?zﬂ‘l‘oﬂ = }\1 7—1]}“__9_§_ :T_L—'“ﬂ' 07]Z1E 7“‘3]‘5] 3__]}\]_‘»]_ /\161
v ol 1/2& S A, A (3). (5), = o T
~71ﬂ‘% HHlE] 4L M3 2 v

Qe FRIGAEZAF (ks NNE

TEAEATE e s HoYd Fuidls
(multiplication factor)® #A2Jste} ztzhe]
&4 caseol Wis] SulAIS W wE Z7)A)

E AE A& P90 Fig. 62 case 1
o dis| SEAlS Wl wWE FrAME AulE
20
Measured -
sl +  Muttipfication Factor - 0.5
+  Muttipication Factor : 1.0
Py » Mutiplication Factor 1.5
E ©  Multiphication Factor : 17
=~ 12t & Muttiplication Factor 20
§ o Mutipiication Factor : 3.0
]
2 5\=\< ..
5 | S . .
5 N
2 I ..
‘r R TRy, o
o . . . NI .
0 10 20 30 40 50 60 70 80

Axial Distance (mm)

Fig. 6 Steam Jet Cavity with the
Change of Multiplication Factor
(Nozzle ID : 20 mm, case 1)
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Fig. 7 Steam Jet Cavity with the
Change of Steam Mass Flux and Pool
Temp.(Nozzle ID @ 20 mm)



—— Mass Flux: 825 kgint's, Pool Tenp.
—e— Mass Flux : 825 kgimf-s, Pool Terrp.

Mass Flux : 825 kgfr-s. Podl Terrp.
—w~ Mess Flux . 825 kg/rrf-s, Podl Temp.
v - Mass Fiuox . 825 kgrr?-s. Pool Termp
—a—Mess Flux . 825 kgirf-5, Pool Temp.

75°C (measured)
75 °C {calculated)
56 °C (measured)
55 °C {caloulated)
35°C (measured)
35°C {calculated)

Radial Distance {mm)

Axia Distance {mm)

Fig. 8 Steam Jet Cavity with the
Change of Pool Temp. (Nozzle ID :
10.15 mm)
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~e— Mass Flux : 825 kg/m™s. Pool Temp 55 °C (calculated)
Mass Flux : 600 kg/m's. Pool Termp. . 55 °C (measured)
i —w~ Mass Flux - 600 kgim™s Pool Temp 55 °C (calculated)
} - Mass Flux : 460 kgim™s. Pool Temp 55 °C (measured)
| v Mass Fha 480 kgfm's Pook Temp. 55 °C {calcuated)

Radial distance (rmm)

Fig. 9 Steam Jet Cavity with the
Change of Steam Mass Flux (Nozzle
ID : 10.15 mm)
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