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An Experiment on Condensation of Binary Vapor Mixtures
inside a Vertical Smooth Tube

Shigeru KOYAMA, Hidetaka HARAGUCHI *,
Tomoyasu YARA and Tetsu FU]JII

An experimental study of condensation of nonazeotropic refrigerant mixtures
(NARMs) of HCFC22 and CFCl114 inside a vertical smooth tube has been carried
out. The local Nusselt number of a pure refrigerant of HCFC22 is correlated well
with the equation which is obtained by modifying an empirical equation proposed
by Uehara et al.,, while that of NARMSs is lower than the value predicted from the
modified correlation equation; the difference being dependent on the mass velocity
and the composition of NARMs. By assuming that the condensate heat transfer
coefficient of NARMs can be expressed by the correlation equation for pure
refrigerants, temperature and mass fractions of vapor and liquid at the vapor-liquid
interface are evaluated. Then, the local vapor mass transfer coefficient is

obtained.
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JUNKEBEWBEMEMRFRE H6% F25 (1992

ft& 1. #AE HCFC22 DRERERDHI

(a) File No. B4005083
Gr=350.5[kg/m?s] Wc=1024.0[kg/h]
P;, =1.935[MPa] g=1[mol/mol]

Sec. zfdi | T T | Twi Tc z q
C °C c | ¢ kW/m?
Inlet 71.99 ’
1 0.0 | 71.83 | 71.99 36.24 25.13 | 1.00 548
58.6 | 50.41 | 49.81 = 12296 | 0.91 )
2 32.89 54.3
3 117.9 | 50.09 | 49.81 31.82 20.78 | 0.67 49.0
176.5 | 50.01 | 49.81 ! 18.84 | 0.46 ’
4 29.97 44.9
237.1 | 49.78 | 49.81 17.00 | 0.25
5 27.55 48.5
296.5 | 49.19 | 49.81 15.05 | 0.04
Outlet 50.09
(b) File No. B4005111
G,=349.7[kg/m?.s] Wc=665.1[kg/h]
P, =1.882[MPa] #j3=1{mol/mol]
Sec. | z/fdi| T: T Twi Tc z g
°C °C °C °C kW /m?
Inlet 70.91
0.0 | 70.80 | 70.91 34.60 | 1.00
1 42.02 30.2
) 58.6 | 50.08 | 50.58 4026 32.76 | 1.00 329
117.9 | 48.92 | 48.61 ) 30.77 | 0.87 ’
3 176.5 | 48.80 | 48.61 39.97 28.81 | 0.73 32.1
4 ) ’ ’ 38.77 ’ ’ 315
s 237.1 | 48.70 | 48.61 25.59 26.82 | 0.59 305
296.5 | 48.90 | 48.61 ) 24.81 | 0.45 )
OQutlet 48.92
(¢) File No. B4005092
Gr=201.0[kg/m?s] Wc=645.5[kg/h]
P;, =1.852[MPa] §;=1[mol/mol]
Sec. zfdi | T, Ty Tui Tc z q
C c | € | « kW /m?
Inlet 68.52
1 0.0 | 68.21 | 68.52 37.00 29.01 | 1.00 28.3
. 58.6 | 49.61 | 47.92 34‘64 27.23 { 0.92 28'2
117.9 | 48.76 | 47.92 ’ 25.43 | 0.71 )
3 34.10 27.0
. 176.5 | 48.26 | 47.92 33.34 23.73 | 0.51 217
237.1 | 47.94 | 47.92 “7 12193 | 0.29 ’
5 31.40 31.5
296.5 | 47.84 | 47.92 19.92 | 0.05
Outlet 48.18
(d) File No. B4005161
G,=200.5[kg/m?.s] Wc=417.0[kg/h]
P, =1.848{MPa] {jp=1[mol/mol]
Sec. z2fdi | Ty Ty Twi To z q
c|{c| x| kW /m?
Inlet 68.29
0.0 | 68.07 | 68.29 35.86 | 1.00
1 42.12 16.9
58.6 | 50.19 | 48.54 34.22 | 1.00
2 40.64 18.1
117.9 | 48.68 | 47.82 32.43 | 0.87
3 40.01 18.0
. 176.5 | 48.15 | 47.82 2912 30.68 | 0.73 18.8
237.1 | 47.96 | 47.82 ) 28.79 | 0.59 )
5 37.02 20.1
296.5 | 48.14 | 47.82 26.81 | 0.44
Outlet 48.25




ZRARROHBEFRENRECEI T 5 R

fF 2. BAAETSMol% HCFC22 ORBRERDH

(a) File No. B3012203
Gr=350.5[kg/m?.s] Wc=993.6[kg/h]
P =1.595{MPa] #=0.754[mol/mol]

Sec. z/di | T T Twi | Tc z q
c | c| c ]| kW /m?
Inlet 75.11
0.0 | 74.97 | 75.11 26.33 | 1.00
1 37.42 52.2
58.6 | 57.70 | 58.12 24.20 | 0.83
2 33.45 51.0
3 117.9 | 55.49 | 54.75 32.11 22.09 | 0.57 431
4 176.5 | 53.85 | 52.67 29'90 20.33 | 0.37 39'5
237.1 | 51.22 | 51.24 ) 18.66 | 0.18 ’
5 27.15 39.4
: 296.5 | 48.62 | 50.29 17.03 | 0.00
Outlet 49.61
(b) File No. B3012171
G,=350.1[kg/m?-s] Wc=644.7[kg/h)
P;, =1.637[MPa] §,=0.760[mol/mol]
Sec. zfdi | T» T, Twi Te z q
c | c| ¢ | « kW /m?
Inlet 70.48 ]
0.0 | 70.34 | 70.48 41,98 | 1.00
1 47.85 27.5
58.6 | 59.26 | 60.12 40.25 | 0.92
2 117.9 | 57.71 | 58.11 45.67 38.54 | 0.78 26.8
3 176.5 56‘30 56.41 45.11 36.88 0.65 26.4
4 ’ ) ) 43.49 ) ) 26.1
237.1 | 55.12 | 54.93 35.18 | 0.52
5 39.59 23.2
296.5 | 54.30 | 53.87 33.70 | 0.41
Outlet 53.22
(c) File No. B3012201
G,=200.0[kg/m?:s] Wc=536.3[kg/h]
P, =1.574[MPa)] ij3=0.758{mol/mol]
Sec. z/di | T, T, Twi | Tc z g
c | c|] c| «© kW /m?
Inlet 75.01
1 0.0 | 74.67 | 75.01 39.69 30.61 | 1.00 271
58.6 | 58.53 | 57.72 ’ 28.56 | 0.86 :
2 36.37 25.4
117.9 | 56.45 | 54.68 26.61 | 0.63
3 35.40 23.5
176.5 | 54.66 | 52.56 24.83 | 0.44
4 34.20 24.3
237.1 | 51.31 | 50.90 22.93 | 0.24
5 31.85 25.8
296.5 | 48.74 | 49.72 20.95 | 0.03
Outlet 49.09
(d) File No. B3012214
G,=201.4[kg/m?.s] Wc=367.2[kg/h]
in =1.695[MPa] #j,=0.756{mol/mol]
Sec. zfdi | T» Ty Twi Tc z q
c | c | ¢ | c kW/m?
Tnlet 0.0 ;2291 76.96 43.63 | 1.00
1 ' ) ) 49.70 ' ) 16.9
58.6 | 62.52 | 62.29 41.76 | 0.94
2 47.33 16.3
117.9 | 60.43 | 60.14 39.94 | 0.79
3 46.36 15.8
4 176.5 | 58.74 | 58.35 44.85 38.20 { 0.65 15.6
237.1 } 57.35 | 56.81 : 36.42 | 0.52 ’
5 41.65 15.3
296.5 | 55.85 | 55.59 34.71 | 0.39
Outlet 54.89




AN KB BE BRI AT

HE 3. BAR#ES0mol% HCFC22 DRERFER D

(a) File No. B2002271
Gr=350.4kg/m?.s] Wc=844.2[kg/h]
P;, =1.267[MPa)] ,=0.487[mol/mol]

HeXk H2%E (1992

Sec. zfdi | Ty Ty Twi Tc z q
°C °C °C °C kW/m?
Inlet 0.0 3{323 78.84 30.17 | 1.00
! 58.6 64‘95 66.26 42.22 27.62 0.77 53.1
2 ) ’ ’ 37.57 ’ ) 48.6
117.9 | 61.82 | 61.63 25.25 | 0.50
3 35.24 40.0
176.5 | 59.08 | 57.70 23.33 [ 0.31
4 32.34 33.4
237.1 | 54.66 | 54.46 21.67 | 0.15
5 29.55 33.7
296.5 | 49.50 | 50.64 20.03 | 0.00
Outlet 50.34
(b) File No. B2003061
G,=349.8[kg/m?.s] Wc=446.0kg/h]
P, =1.332[MPa] §,=0.488[mol/mol]
Sec. zfdi | T» T, Twi Te z q
°C °C °C °C kW/m?
Inlet 78.85
0.0 | 78.72 | 78.85 51.64 | 1.00
1 57.78 23.3
) 58.6 | 68.75 | 70.63 55.38 49.52 | 0.92 23.2
117.9 | 67.04 | 68.63 ) 47.38 | 0.78 ’
3 176.5 | 65.18 | 66.60 54.23 45.34 | 0.66 22.4
4 237.1 63.40 64.47 52.08 43.31 0.54 21.6
5 ’ ’ ’ 47.61 ) ’ 19.5
296.5 | 61.84 | 62.53 41.51 | 0.44
Outlet 60.24
(c) File No. B2002273
G,r=201.6[kg/m?s] W;=486.5[kg/h]
Pin =1.231[MPa] §;=0.477[mol/mol]
Sec. z/d; T Ty Twi Tec T q
¢ | c| c | kW/m?
Inlet 78.28
0.0 | 77.95 | 78.28 33.09 | 1.00
1 43.18 29.3
. 58.6 | 64.63 | 65.90 | . ' 30.65 | 0.78 248
117.9 | 62.02 | 61.85 ’ 28.55 | 0.54 ’
3 ‘ 37.03 22.7
176.5 | 59.75 | 57.94 26.66 | 0.35
4 , 35.44 21.0
237.1 | 54.57 | 54.29 24.85 | 0.17
5 33.14 22.4
296.5 | 49.00 | 50.08 22.96 | 0.00
QOutlet 49.35
(d) File No. B2003071
Gr=200.3kg/m?-s] Wc=347.0fkg/h]
P;, =1.376[MPa) j,=0.478[mol/mol]
Sec. zfdi | T, Ty Twi Te z q
°C °C °C °C kW /m?
Inlet 0.0 gggg 83.39 52.45 | 1.00
1 ’ ) ) 5758 | ) 16.4
9 58.6 | 71.56 | 72.45 55.00 50.53 | 0.90 138
3 117.9 | 69.28 | 70.38 5 3' 6 48.89 | 0.76 13'2
. 176.5 | 67.30 | 68.28 51'91 4735 | 0.63 13'0
237.1 | 65.44 | 66.02 ) 45.78 | 0.51 )
5 48.73 11.4
296.5 | 63.58 | 64.03 44.43 | 0.40
Outlet 61.81




