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Abstract — Phenomenon of direct contact condensation (DCC) heat transfer between steam and water is
characterized by the transport of heat and mass through a moving steam/water interface. Since the DCC heat
transfer provides some advantageous features in the viewpoint of enhanced heat transfer, it is widely applied
to the diversified industries. This study proposes a simple condensation model on the stable steam jets dis-
charging into a quenching tank with subcooled water from a single horizontal pipe for the prediction of the
steam jet shapes. The model was derived from the mass, momentum and energy equations as well as a ther-
mal balance equation with condensing characteristics at the steam/water interface for the axi-symmetric coor-
dinates. 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 results were compared with the
experimental ones. The predicted steam jet shape (i. e. radius and length) by the model was increasing as the
steam mass flux and the pool temperature were increasing, which was similar to the trend observed in the

experiment.
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Fig. 1. Conical steam jet cavity (nozzie ID : 20 mm,
steam mass flux : 280 kg/m’-s, pool temp. : 40°C).



Fig. 2. Ellipsoidal steam jet cavity (nozzle ID : 10.15
mm, steam mass flux : 825kg/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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Fig. 5. Energy balance diagram.
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Table 1. Analysis cases and results.
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Fig. 6. Steam jet cavity with the change of multi-

plication factor (nozzle ID : 20 mm, case 1).
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case 1 case 2 case 3 case 4 case 5 case 6 case 7 case 8
r. (mm) 10 10 10 5.075 5.075 5.075 5.075 5.075
G (kg/m*-s) 280 280 250 825 825 825 600 460
p. (kg/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
T, (°C) 40 50 40 35 55 75 55 55
u, (m/s) 412.6 412.6 403.3 499.4 499.4 499.4 497.4 489.4
h" (MW/m-°C) 1.290 1.243 1.252 2.009 1.550 1.804 1.606 1.871
Ko (W/m?-°C) 0.659 0.663 0.659 0.657 0.665 0.671 0.665 0.665
P, (MPaA) 0.155 0.155 0.104 0.288 0.288 0.288 0.206 0.158
u, (m/s) 7.46 7.47 5.51 19.06 16.47 15.05 14.19 13.85
entrainment (kg/s) 2.202 2.199 1.615 2.605 2.800 2.898 1.827 1.261
Kegt rer (KW/m?-°C) 6.500 6.215 6.262 5.097 3.934 4,578 4.076 4,747
Zu) A 1.7 1.9 2.1 35 4.1 3.8 32 2.8
o] F 5l A 1.9 1.9 1.9 3.5 35 35 3.5 35
Kot rep (KW/m*-°C) 12.25 11.81 11.90 17.84 13.77 17.40 14.27 16.61
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Fig. 7. RMS error with the change of multiplication
factor (nozzle ID : 20 mm, case 1).
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———Mass Flux : 280 kg/m’.s, Pool Temp. : 50 °C (measured)
—e— Mass Flux : 280 kg/m*s, Pool Temp. : 56 °C (calculatad)
e Mas$ Flux : 280 kg/m's, Pool Temp. : 40 °C (measured)
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Fig. 9. Steam jet cavity with the change of steam
mass flux and pool temp. (nozzle ID : 20 mm).
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—m— Mass Flux - 825 kg/m’-s, Pool Temp. ; 35 °C {calcuiated)
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Fig. 10. Steam jet cavity with the change of pool
temp. (nozzle ID : 10.15 mm),

—— Mass Flux : 825 kg/m®s, Pool Temp : 55 °C {measursd)
Ly —e—Mass Flux : 825 kg/m's, Pool Temp. © 55°C (calculated)
--------- Mass Flux : 600 kg/m™-s, Pool Temp. : 55 °C (measured)
~y— Mass Flux : 500 kg/m’-s, Pool Temp, : 55 °C (calculated)
—-- Mass Flux : 460 kg/m’-s, Pool Temp. : 55 °C (measured)
—n—Mass Flux : 460 kg/m’s, Pool Temp. : 55 °C (calculated)
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Fig. 11. Steam jet cavity with the change of steam
mass flux (nozzle ID : 10.15 mm).
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