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Abstract — An evaporating apparatus containing several vertical canvas for liquid flow was designed to treat very
low-level liquid radwastes within restricted area and 0.1 wt% CH3CO,Li aqueous solutions were evaporated into coun-
tercurrently flowing air. The evaporation rate was influenced by various parameters such as the height and clearance
of canvas, temperature, humidity and velocity of entering air, temperature and velocity of solution and mass transfer
coefficient of the system. Using these parameters, a mathematical model equation was proposed to predict the rate of
evaporation. Flux of water vapor calculated from the model equation under various operating conditions was coinci-
ded well with experimental one and conditions to increase the rate of evaporation were examined using the model
equation.
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Fig. 1. Evaporation from falling liquid.
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Fig. 2. Schematic diagram of experimental setup.
1. Storage tank 2. Pump
3. Head tank and distributor
4. Evaporator
5. Temper-hygrometer probe
6

5. Indicator 7. Thermocouple

8. Thermometer 9. Level gauge

10. Blower 11. Blower controller

12. Air outlet duct 13. Sampling pipe

14. Condenser 15. Ice bath

16. Cold trap 17. Vacuum pump
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Table 1. Description of the evaporator

Size Height (m) 1.7
Width (m) 0.29
Depth (m) 0.22

Canvas Height Z (m) 1.0
Width W (m) 0.19
Clearance between canvas x, m 0.05/0.15
Number of Canvas n(-) 6/2

Table 2. Operating conditions

Gas Velocity of air V, (m/sec) 0.3-6.0
phase Temp. of inlet air T; (K) 288-298
Relative humidity of inlet air RH 35-75
(%)
Liquid Average velocity V;(m/sec)
phase Temperature T, (K)

0.12/0.60
285-297
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Table 3. Comparison of dimensionless correlations

Geometry Authors Correlation Ref.

Vertical canvas This work jp=0.048 Re"0-20

Horizontal plate Sherwood et al. jp=0.037 (Re))-020 (6]

Wetted-wall column Glliland & Sherwood jp=0.023 (Re)-017 [71

Wetted-wall column Johnstone & Pigford jp=0.0328 Re-023 [8]

Smooth pipe Chilton & Colburn ip=0.023 (Re’)-0-20 [9]
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Fig. 4. Comparison of experimental and calculat-
ed flux of evaporation.
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ed flux of evaporation.

Table 4. Parameters and their standard values

Parameters & units Standard
value
System Mass trans. coeff. 0.0101
k, kg/m2sec
Equipment Height of canvas Z, m 1.0
Clearance between canvas 0.05
X, m
Operation  Velocity of air V,, m/sec 2.0
Temp. of inlet air T;, K 296.3
Relative humidity of inlet air 60
RH, %
Velocity of solution V;, m/sec 0.12
Temp. of solution T,., K 294.4
5% 9 48 He 49N $YE & 5 dgov
Aeg 1AE v]Fo] 3 w) g o g A
HE A4l S5 322 deEet §A4412 ¢ o
EAAGA ] Fol7) o AdE o]el e} AR}

HWAHAK KONGHAK Vol. 28, No. §, October, 1990



524 BFA - FFE - P45
16 15 6
14
F]
2 & 10} 14 5
& £ &
£ 12 2 &
w0 Al —
S x X
x 10 ¥ 5 2 @
K <
w’ Z
z
8
0 s 0
0 0.1 0.2 0.3
6 . . * (m)
1.0 1.5 2.0 25 Fig. 8. Influence of clearance between canvas on
k/k, evaporation rate.
Fig. 6. Influence of mass transfer coefficient on (cf. Table 4 for numerical values of parameters

NA.

(cf. Table 4 for numerical values of parameters)

)
L
L o
E 2
0 50
= =
) z
— —
X X
3 &)
<
Z
Z (m)
Fig. 7. Influence of height of canvas on evapora-
tion rate.
(cf. Table 4 for numerical values of parameters
except x).

927 o AA 5 gledsyt Yzt oo oy
F7Hd A7 2 ")

4-3-2. A9 ¥o)

g e =2 AR He Fol(Ho))
7b FHEH 2 Ny H G927k e St Eo &
4L Fig. 7ol el 2 2E Ao gol7t &
el wet Argegoz Fasle o) Fure
A2 ZFE i g FEHo] ksl AAA

et ES Mi28T M5z 19904 108

except x).

= FEoh a2 A Folg FHAA Ay
2 e A FaEAe] yelNEmR o9l
FEo FHF2 238 ARA doh FdEe A
ke 3717 5718 E3HE Folo HE e E
o Hoiz} =Pt de] Helrl ZHejA

T3] A, EE i obey HE
Aoz Azer)7t oH A Ao dAgEzg o|efdt
AHES 2ol A FolE AlAsleob & sle)t}

4-3-3. A #lole] A

A Abo]2) o] FH & 5l Fuere] mAE YL
Fig.84] EAlstedch 2H4¢ 27100 A9 Beias
HAF F7EY 27Hee 3450 i 10om AE
ool A2 YT o SV e 1AL
A 94F FU ARl A 5 Qe W) 557}
Wobd ZwwAe] Yolane o we Fuge

B & Atk @Weky B} ok RhddelE A
Aele} AL o ke FHITE 20l o &
o)ty B A4S UF Fhrte] sh 217}
A Aol g B3 ol QPP WS PRl o
ok ERERLEEEE R EEE
@e dolr) Som AoE WE AAY A A
ot Agel AEF £ 49 el Bel WY
Qe BAGA Gpon o2 viFel 2 o B
et o FY + UE A7 Qlede AHe
sh 25 A8 A4S gdetel Fobaa Ade] 24
SN
434 7]- A4 f%



A el A FAEH A AY A A 2y e F A7 525

V; (m/sec)
0 0.2 0.4 0.6 0.8 1.0
30 v — v —
2 a0l
& 20
E
£
n
E:
)S;
3
< 10t
Z
0 , , . A
0 2 4 6 8 10
Vg (m/sec)

Fig. 9. Influence of fluid velocities on N ,.
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NOMENCLATURE

C.C. : coefficient of correlation [-]

C, : humid heat of air [J/kg K]
C, : heat capacity (J/kg K]
2 diffusion coefficient [m%sec]

dm : mass of water vapor evaporated through 44
during time interval dt [kg]

E : evaporation rate for entire apparatus [kg/sec]

H : absolute humidity [kg/kg]

ip : Colburn [Hactor for mass transfer [~}

k . mass transfer coefficient [kg/m? sec]

M : molecutar weight [kg/kgmol]

m : mass of water vapor in volume element [kg]

m, : water vapor content in entering air of volume
vAA/2 [kg]

N : mass Bux [kg/m?® sec]

n : number of canvas [-]

P . total pressure [Pa]

p* : vapor pressure of water {Pa]

HWAHAK KONGHAK Vol. 28, No. 5, October, 1990
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p : partial pressure of water vapor [Pa]
Q  : volumetric flow rate of air [m¥sec]
Re : Reynolds number, ZVp/y[-]

Re’ : Reynolds number, ZV’'plu [-]
RH : relative humidty [%]

Sc : Schmidt number, u/02 [~]
S.E. : standard error of estimate [-]
T . temperature of air [K]

T, T,: roots of equation T%-aT+g=0 [K]

T, : temperature of simulated solution [K]

t : contact time between two phase [sec]

\Y . relative velocity of simulated solution and air
[m/sec]

A : velocity of air relative to wall of column [m/
sec]

V, : velocity of air [m/sec]

V, : humid volume [m%kg]

V, : average velocity of simulated solution [m/sec]

w : width of canvas

b'e . clearance between two adjacent canvas [m]

y : mole fraction of water vapor {-]

A . height of canvas or diameter of wetted-wall

column [m]

Greek Letters

. parameter defined by Eqn. (10)

: parameter defined by Eqn. (11}

. interfacial area [mz]

. latent heat of vaporization of water {J/kg]
- density of air [kg/m®)

: viscosity of air [kg/m sec]

€

®T® > Dbw R
b

o=tES Hi28T M5 19904 10

Subscripts

A
B
i

O

: water vapor

:oair

. interface in Egn. (1); inlet condition
: outlet condition

. standard value
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