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Abstract—A mathematical model is proposed for a thin film evaporator that is used for fuel oil recovery
from waste lubricating oil. The model is contructed to predict pressure, temperature, and yield distributions
along the axial direction. Comparison of the calculated values of the process variables with the experimental
data has shown that the proposed model can represent the thin film evaporator with good accuracy.
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Fig. 1. Schematic diagram of the TFE.
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Fig. 2. Distribution of process variables in the TFE.
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Fig. 3. Distribution curve by ASTM D 1160 method.
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Fig. 4. (a) Schematic diagram showing 3 zones of flow
formed by rotating blades.
(b) Details of turbulent bow wave zones.
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Table 1. Specifications of the TFE

Feed inlet position 0.04 m
Feed outlet position 12m

Inside radius 0.0514 m
Outside radius 0.0570 m
Jacket radius 0.0796 m
Clearance 0.0020 m
Number of blades 4
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Table 2. Comparison with experimental results and simulation results

Experiment . X
. — - Simulation results
Run & Operation condition Experimental results
Vi Tin Thin P, Tout Thout Ps3 yield Tout Thout P yield
(ml/min) (C) (t) (mmHg) (T) (¢) (mmHg) (% (¢) (¢) (mmHg) (%)
1 50 35 326 25 326 324 26 80.0 326 325 2.6 80.6
2 100 40 324 25 324 322 2.6 79.6 324 322 2.6 80.6
3 150 40 323 25 323 321 3.3 785 323 320 2.62 80.6
4 200 42 321 25 321 319 38 76.5 321 317 3.13 79.8
5 300 45 319 2.5 319 315 39 75.0 319 313 3.7 78.1
6 400 43 315 25 316 311 46 65.2 314 307 47 73.1
7 150 40 322 1.6 322 320 1.8 86.0 322 319 1.7 81.5
8 200 48 321 1.9 321 319 2.05 804 321 317 2.01 80.6
9 150 45 321 1.7 321 320 2.0 825 321 318 1.80 81.5
10 80 40 322 2.0 322 320 2.2 83.6 322 320 210 815

(Z) simulation results?] vield= &-&% 84%= A&3 A
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T o] A AFEA old Axe] WHFS ZA
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Temperature profiles
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Fig. 9. Comparison between run #6 and simulation result.

Table 3. Kinematic viscosity v[ m?/hr]

Evaporation rate
- Evaporation Rate [kg/m hr]

st
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Yield profile
Yield
D.Br
o6}
04}
[(¥13
—— Yield{simulation} '
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Position [m]

Yield(experiment) = 0.652

TO) \ X(% 0 20 40 60 80

40 360X107! 6.51x107! 1.31X10° 3.14X10° 9.26 X 10°
100 6.23X10°2 1.02X107! 1L.73X107! 3.31x107! 7.01X1071
200 142X1072 2.04X1072 3.02x10°2 4.71X1072 7.61X1072
250 8.77x107° 1.22X1072 1.76 X102 2.61X1072 3.33x107?
300 6.26 X103 850X1073 118X 1072 1.68X107? 2.39x10°?

mmHg °]3t2 #Allz g3k AHoloh HAF¥H 4
ol & A YYE F2FE F8o) A5FL £
g 9len, o] Afx T wdo] AyARE
d3s F& FA F glok Hue Al Ax
A AHE 2mmHg o|3tE Wi AL ATHE
AAoll ot Aoz FA7L e Aoz Yzee

AIE gl A AFT hete] FAE A4S Hgic)
FE o] A5 3ygoze B¢ utute]
FAE Jehlls 2o R 4] (22)9} o] EHAT5]

:['———3 3y 1" (22)

.p* g cosh

Table 32 2=} T8 & HEZHFo FHE
35 el Ze 24 $3EE ASTM $X4E o
WAz A 9es kA "l o] F THxY
HEHQ A & F 7H o) s Aty FA S
A4kt A& Table 40l Vel it Foll A4 & 5= 9l%o)
Hg8-frt ARz Wesbds 2ugte] oje}
dute] TA7} AASA FaFTFE & 5 Uk et
whabx] el 4] XA blade®] 7HA<l clearance &
2mmeA 3mmiE FAA7E A& gekshd A2
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Table 4. Film thickness 3[mm]
v, (m//min) 200 400
v (m?hr) 3.60Xx107! 261x1072 2.39X1072 3.60x107! 2.61x10°2 2.39X10°2
& (mm) 7.221 2.295 1.767 9.098 2.891 2.226
% o 7 dey o] Rl o] &3t AHEHF et ARRIE
FUAAE AAshe AL Hsd o3 2
2], ATAAES] EAo LA Ax]AFEol A9 a : constant defined in eq. (1)
rae AAY F Ao WAL WY AR b :constant defined in eq. (1)
AHS 3l AR Y FES &€ Fo lAS 2 C,  :specific heat of used lubricating oil [J/kg C ]
g}, o] w $HBAFS Esf AlA| z;_uéou EARS E RN Cy»  :specific heat of heating medium oil [J/kg C ]
A28 fA ZHolx At AAo] HArh 4 (22)F F3) g : gravitational acceleration constant [m/hr?]
9% 7 9200499 Wete) $AE AL, bladest L clength of TEE fm]
W Abole] clearance® W ate] AlAl wbuto] # m : mass flow rate of used lubricating oil in T.F.E.
4 ABE HADT o] AE BEsle PA Cha/hr) o
e 2ANAY §E0)E B A ﬂ]i]i g m, :mass flow rate of heating medium oil [kg/hr]
% : vapor pressure [mmHg]
e o) A AARAERA FAA] F ol A BAY P: : vapor pressure at the inlet section of the T.F.E.
HA7HE AAsE AS AR7HE 9 —0—7}"“ “‘}—.: #H [mmHg]
ide =91 9ort gl WA F7Ile 3¢ P; : vapor pressure at the outlet section of the T.F.
Ae)gge] A4S 2L F Uvkes Aol 18" Har) E. [mmHg]
AUtk q : heat transferred rate per unit length of T.F.E.
[J/m hr]
6. 4 2 r : evaporation rate of used lubricating oil per unit
length of T.F.E. [kg/m hr]
4L §E AAs] AR5TE A7) 37 w2ut R :inside radius of TF.E. [m]
Ax e} nde FAST, AFE ZALE 8385k o R,  :shaft radius of T.F.E. [m]
A72 Eild Qe AZL hew 2o T : temperature of used lubricating oil [C ]
(1) 4% 29 o]Lsled ABE LS Sa3 T;  :final boiling I?emjperalture in the ASTM D 1160
A Ale) A alol ALl 3 ol alslo experiment [T
ézt,) iﬁ;ﬁ :;9; iij3A123°?—ji éz ;;l :jj:*s-m T initial'boilixtlg[zce:ralperature in the ASTM D 1160
experimen
FRIA o8 geiHom Bd F A & 7 T*  :dimensionless temperature, (T—T,)/(T—T,)
Aslem, AA ASTM SH-34) S44 Blefvhe T.F.E. : thin film evaporator
22pel] 3 FEASHG AFA A= g & Thin :temperature of heating medium oil entering
ENEE =9i5te nAY 4 sk the T.FE. [C]
(3) FHFEAL o] §ste] AHARE A ST 5 Thout: temperature of heating medium oil leaving the
slglew, oo wel wpubEbgA) O 2EREE F T.FE. [T]
42 59 HFAHS A F Aok Tin :temperature of used lubricating oil entering
(4) ATt whebdagaie] WA ol 7184 the T.F.E. [T ]
AEE AN F e BEUYE olsgd Tout :temperature of used lubricating oil leaving the
TFE. (t]
Zt A} U;  :local inside overall heat transfer coefficient in
TFE. [Wm?TC]
2o AR A 7| el T ae} N SAETAT u : linear veloc;lty of gas f[m/h(;]l . 1
o 2 = : volumetric flow rate of used lubricating oil in
A € 7‘]%_°*| o&] F T ol FAHE =3Y TFE. [m¥hr]
= \7 : volumetric flow rate of used lubricating oil at

5i5+23 30 H6S 199244 128
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inlet position in T.F.E. [m%hr]

: volumetric flow rate of used lubricating oil based
on inlet temperature T, of TFE. [m¥%hr]

: volume percent distilled of used lubricating oil
at temperature T [%]

: yield of lubricating base oil from used lubrica-
ting oil

: axial distance from inlet of T.F.E. [m]

2lo|& ZX}
: parameter defined in eq. (19)
: parameter defined in eq. (21)
: mass flow rate per unit width of wall [kg/m hr]
: film thickness [m]
: latent heat of vaporization of used’lubricating
oil at any pressue [J/kg]
: density of used lubricating oil [kg/m®]
: density of used lubricating oil based on feed
inlet temperature T, [kg/m?]
: viscosity of used lubricating oil [kg/m hr]
: angles between an inclined plane & a direction

A% A&

4 ey ZaTY

n

691

of gravity [rad]
: efficiency of yield
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