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ABSTRACT

Biodiesel production from community biodiesel unit is normally used excess
methanol in the reaction in order to enhance the complete reaction. The excess methanol remains
in crude biodiesel and crude glycerol and it will be washed away during biodiesel washing
process because there is no excess methanol recovery unit. The objective of this research is to
design, fabricate and test the excess methanol recovery unit from crude biodiesel and crude
glycerol from community biodiesel production system. The result shown that 2.268 liters of
methanol condensation from crude biodiesel and 5.309 liters of methanol condensation from
glycerol can be achieved when the condenser is installed to the crude biodiesel tank and crude
glycerol tank in order to vaporize the excess methanol and condense it. In this experiment,
biodiesel is produce from 80 liters of waste cooking oil with 18.4 liters of methanol. Simple
payback period of community biodiesel production unit couple with the methanol recovery unit is

to analyzed and is found to be 0.96 year with net present value of 4.17
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AUIUINAUNTN (2.3)

AP, = ptva (dift + p) n (23)
i
Tﬂﬂ‘ﬁ AP, Ao Tube side pressure drop
p; A9 Fluid density
v Ao Fluid velocity tube side
L Ao Tubes length
d; Ao Tube inside diameter
ft Ao Darcy friction factor tube side
D Ao Pumping power
n Ao Number of tube passage
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WI0AUNTIN Heat exchanger design handbook (Fraas, 1989) aauaad luaunsh (2.4)

2f,GELn
AP, = _Hibiln tut T (2.4)
. ot
dipe ( litw)
Taen G Ao Tube side mass flow rate per unit cross section area
L A®  Tube inside fluid viscosity
Loy 0B Tube inside fluid density
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Jc Ao Baffle cut correction factor

i o Baffle leakage correction factor

Ip Ao Bundle bypass correction factor

Js Ao Unequal baffle spacing correction factor

Ir Ap Laminar flow correction factor

Ju Ao Wall viscosity correction factor
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M1319% 2.2 Aaauiave INadNAY (Matra Plast Industries Inc, 2008)

TEST Polyethylene
PROPERTY

SI Units Eng. Units SI Units
Melt Index ASTM D1238 - 0.4 dg
Density ASTM D1505 - 30.955 gm/cm3
Tensile @ Yield ASTM D638 4,100 psi 28 MPa
Elongation @ Yield ASTM D638 800% 800%
Flexural Modules ASTM D790 177,000 psi 1,220 MPa
ESCR, F50 ASTM D1639 25 hr 25 hr
1zod Impact ASTM 256 3.93 Ftelb/in 2.1 J/em
Softening Pt. (Vicat) ASTM D1525 263 °F 128 °C
Softening Temp. (range) - 234 °F - 270 °F 112°C-132°C
Melting Temp. (range) - 257 °F - 275 °F 25°C-135°C
Low Temp. Brittleness ASTM D746 <-94 °F <-70 °C
Hardness D785/D2240 69 (Shore D Scale)
Chemical Reactivity Acid Free
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M13190 2.3 AUANTAVOINAIO IO

Molecular formula C,H,(OH),
Molar mass 92.09382 g/mol
Density 1.261 g/cm?
Melting point 18 °C (64.4°F)
Boiling point 290 °C (554°F)
Viscosity 1.5 Pas
2.5 IINMu9a
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511 2.7 Taseadwdraesvoauunivea (hitp://www.wikipedia.org, 2008)

Tunszurumsnan luTodwa wnueaszgnihunldlumsin§aseny
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3199 2.4 ﬂmﬁuﬁ’ﬁmmmmuaa (engineeringtoolbox.com, 2008)

Liquid Vapor Liquid
Latent Liquid Vapor Liquid Vapor Vapor
Temperature Thermal Specific Surface
Heat Density  Density Viscosity Viscosity ~ Pressure
(°C) s s Conductivity ) Heat Tension
(ki/kg)  (kg/m’) (kg/m’) (cP) 10°(cP) (bars) 5
(W/m°C) (kJ/kg°C) 10"(N/m)
-50 1194 844 0.01 0.210 1.700 0.72 0.01 1.20 3.26
-30 1187 834 0.01 0.208 1.300 0.78 0.02 1.27 2.95
-10 1182 819 0.04 0.206 0.945 0.85 0.04 1.34 2.63
10 1175 801 0.12 0.204 0.701 0.91 0.10 1.40 2.36
30 1155 782 0.31 0.203 0.521 0.98 0.25 1.47 2.18
50 1125 764 0.77 0.202 0.399 1.04 0.55 1.54 2.01
70 1085 746 1.47 0.201 0.314 1.11 1.31 1.61 1.85
90 1035 724 3.01 0.199 0.259 1.19 2.69 1.79 1.66
110 980 704 5.64 0.197 0.211 1.26 4.98 1.92 1.46
130 920 685 9.81 0.195 0.166 1.31 7.86 1.92 1.25
150 850 653 15.9 0.193 0.138 1.38 8.94 1.92 1.04
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irst cost
PP = f (2.16)

net annual saving
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20 CIF,
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v Y
M13191 3.1 drutlsznovveniniuiy14adn (Suwanmanee, 2006)

Triglyceride Fatty acid Diglyceride Monoglyceride
(% wt.) (% wt.) (% wt.) (% wt.)
89.56 2.95 6.05 1.45
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Fatty acids Structure (xx:y) Fatty acid composition, (% wt.) UCO
Lauric C12:0 0.31
Myristic Cl14:0 1.05
Palmitic Cl16:0 40.93
Stearic C18:0 4.45
Arachidic C20:0 0.41
Palmitoleic Cl6:1 0.19
Oleic Cl18:1c 45.20

Linoleic Cl18:2c 7.46
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4.2.1.1 5z8g3@1AUNY (Payback Period, PP)
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Nomenclature

A area

Doy diameter of circle through the centers of outmost tubes
Doy outer tube limit diameter

D, reference diameter (25.4 mm)

hg,  latent heat

Lpp inside shell diameter to bundle clearance
Lpc Dbaffle spacing

Lip  tube pitch

m  mass flow rate

Pr  Prandtl number

Q  rate of heat transfer

Re Reynolds number

Sm  cross flow area

T temperature

W,  weight factors

Up overall heat transfer coefficient

NI INITLNVDINMUDA

=

wnueai 1 luudazuundigy 184 aasuazlusmauiiiuniuoa
duin 100 wesfud fuiummuedAunify 92 aa3 Tasfmualiaewauies
gL eaT AT 18 Tasauudii liifansszoveanIeana
ﬂﬁﬂmfmelmaadamﬁu*ﬁ%izmawmmaiuwm 1 42704
AUNAISATINT TN 9.2 AnTApdaTig =2.555 x 10° AnsAeui

fMnualionInNI TLMeVDIUMUD ARV IUINIUYDIAURAY = 7.667 x 10° AATAD



Sanmsmemanuouiineunuyes
manusouudslumsseirevouumueaiiiy 1120 ki/kg
Sasimstemanudoufinewauesivimy rihg,
BATINITLHIVOUUNIUOA, T DY Prethanol = 791 kg/m’

m=7.667 x 10° x 791
=6.045x 10" kg/s
Qcondenser = M methanollfg
=6.045x 10" x 1120
R 7.000 kl/s

v
[ Y

& ' y_
'W‘14!Tﬂ‘uﬂ1§ﬂ1ﬂ!ﬂﬂ31uiﬁuﬂﬂ®\1ﬂ1i

1. Heat balance

Qcondenser = Qmethanol = 7.000 kJ/s

Qwater = rn.watercpA T

=0.419x4.18 x (32 -28)

=7.000 kJ/s OK

2. ATy,

64 5°C HNTUBR

32°C

28°C
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ATy, = @ =34.0°C

w

m?2°C

Trial, assume Up = 2000

R 7.000 x 103
2000 X 34.0

R0.1185 m’

Y 4 9 ¥ @ 2 A Ay
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— 5.94 m (§aly
m(6.350 x 10~3) m (

4 Y - 1
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A 16 mm ANNEIIVINNAD1FITUNINY (0.016 x 32)+5.94 = 6.45 m lagUAAZId U

202 mm
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3. AMUIUMIATZIZH RIS AUUDAUNUNY

AudautaveuunIuea (dn1uz lo)
Co= 1593 ——
p kg-C

L=1093 P

k=0.018

m °C

1.093x 10"%x 1593

@91 UA1 Prandtl number, Prg = =0.967
0.018x10
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mmﬁmwuﬁizwmmqmmuﬂﬂ%’m ResPreexp (D,/Dy) naunusnua
W, (@nldlumseenuuuezegszin 02 - 08) Tagiasanlimniy 05 dwsy
s Yo QBJJ I v o d 1 T o JaadN
ApUIALFOI N IMihmsoanuuuwiuuuy E anuduiusszninnguaiuls15iae

Re Preexp (D,/Dy) x 10" = 185.12W3 — 254.78W2 + 121.21W, + 7.88

Reg (0.967)(54.598) x 10" = 185.12(0.5%) — 254.78(0.5%) + 121.21(0.5) +

7.88
27.73 .
eg = x 10
52.796

—0.525x 10"

A 1 1 v Yaaa Y 1 Y 9 Y <
LiJ’E’J‘i/]i'l’Uﬂ'l"ll’fJ\‘lﬂqNﬁﬂ]uﬂihliuﬁﬂlﬂﬂ1$ﬁ'ilﬂﬂﬂ'l W1 VNAUINATT NI N
migD¢

HsSm

1150921191 Cross flow area, Sy, NANUNIT Reg =

7.579x103x6.35x10"3x 10
M~ 1,093 x10~4x0.525x 10%

—8387x 10" m’

HAZHITL OV IHUNY Optimum baffle spacing, Ly, 11NTUNT
L Sm
bc ~
Lbb+Dcti(1-Di/Lip)

Tag
D.g = 55.5 mm
Lbb = 9.6 mm
A9 1
L 8.387x10 4
bC = 6.35 -3
[9.6+55.5(1—9_525)]10
8.387x 104
~28.1x1073

=0.0298 m %39 29.8 mm
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Ta)iiio991n
ANUNUIVDILHUTAND 3x2x32=192
Fd
ANUHUIVOILHUNU 2x4x32=256
AunuNNUHLTAND 1x2x32=64
32 =512
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1 1 9) o 1
ANNYNIVDINBUADSIAY 210 mm UIU 32 NOU INUULY square

9 ] z qu 1 1 1 ] | %
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T
64.5°C WNUDA
34.8°C
fn VTSI
31°C
0 L
3.8 .
ATy, = @ =344°C
30.0
U 2.2x 103
D 0.1185 x 34.4
= 540

mZ2°C

Y
%

1w a A L4 | { a A
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Scientific Equipment Center, Prince of Songkla University
Central Academic Administrator Bld. Hat-Yai Campus, Sengkhla 90110 Tel.0 7428 6904-7 Fux.0 7421 2813

F-RES-003LT aafudl 5 Tafiuld 2000552
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Gas Chromatograph-Flame Ionization Detector

Gas Chromatography

[nlet Temperature :200°C i
Initial Oven temperature  + 50 OC, hald for § min

Ramp : 20 °C/min to 200 °C, hold for 1.5 min
Detevtor Temperature :200°c

Column : ZB-WAXplus, 30 m. length x 250 pm LD. % 0.25 pum film thickness

nea MU ;1 A

wmuea 98.47 (0.73)
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