
R E S U L T S  A N D  D I S C U S S I O N
CHAPTER IV

R esults in th is study are separated  in to tw o parts. The first part is 
experim enta l resu lts o f  the gasoline em ission. R esults from  the study o f  the 
effects o f  tem perature , ven t heigh t and in itial gasoline volum e are d iscussed  in 
details. In the second part, the m odel developed  in this w ork w as tested  
against the experim enta l data. P red ictions from  the m odel are com pared  to 
those from  the o ther m odels. The experim ental data are p resen ted  in 
A ppend ix  D.

4 .1  E x p e r im e n t a l  R e s u l t s  o f  G a s o l in e  E m is s io n  R a t e

4.1.1 E ffect o f  T em perature on G asoline E m ission  R ate
F igures 4 .1 -4 .2  show  the gasoline em ission  in  the studied 

system  hav in g  300 m l gaso line volum e and 15 cm  vent he igh t at the 
tem peratu res o f  30, 35 and 4 0 °c . F rom  these figures, the am ount o f  the 
gaso line em itted  increases w ith  an increase in the system  tem perature . The 
increase  is due to h igher evaporation  rate at h igher tem perature . A nother 
fac to r w h ich  affects the em ission  is the expansion  effect. T he increase  o f  the 
tem peratu re  contribu tes to  the expansion  o f  both  liquid  and vapor gasoline, 
w hich  also enhances the am ount o f  the gaso line em itted. R em arkab ly  high 
am ount o f  the em ission  w as observed  on the first day o f  every  tem perature. 
T hat is p resum ably  due to  som e h igh  vapor pressure  com ponents th at have 
com plete ly  vaporized  during the first day. It is very in teresting  to po in t out 
that as can  be seen from  Figure 4.2, an increase in tem perature  results in 
increasing  the em ission rate o f  gaso line alm ost linearly.
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4.1.2 Effect of Release Vent Height on Gasoline Emission Rate
Figures 4.3-4.4 present the gasoline emission results in the 

system containing 300 ml gasoline volume, 30°c at vent heights of 15, 30 and 
45 cm. From these figures, the lost is highest on the first day of the 
experiment. The emission in this experiment decreases as the vent height 
increases. This can be explained by the Fick’s law,

Ljj =  M v A J a z (2 .2 2 )

J _ PgPvA  
AZ R TA z (2.23)

From these equations, the amount of gasoline emission (LD ) decreases with 
the increase of vent height (A z).

4.1.3 Effect of Initial Gasoline Volume on Gasoline Emission Rate
Figures 4.5-4.6 show the gasoline emission results in the 

system of 30 cm vent height, 40°c at gasoline volumes of 250, 300 and 350 
ml. Again, the surge of the emission on the first day was observed here. It 
can be reduced from Figure 4.5 that the initial volume of gasoline has very 
little effect on the emission because vapor space volume of the storage is 
unsaturated with gasoline. Therefore, continuous evaporation of gasoline 
occurs until vapor space volume of storage is saturated with gasoline vapor. 
Then, the evaporation was stopped.
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Figure 4.1 Daily gasoline emission rate at different temperatures
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Figure 4.3 Daily gasoline emission rate at different vent heights



0 .2 5  า

0 .2 0  - 

0 .1 5  - 

0 .1 0  - 

0 .0 5  - 

0 .0 0  -
10

T e m p e r a t u r e  : 3 0 ° c

15 2 0  25 3 0  35 4 0  45  50

V e n t  h e i g h t  ( c m )
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Figure 4.5 Daily gasoline emission rate at different gasoline volumes
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4 .2  M o d e l in g  R e s u lt s

Figures 4 .7 -4 .9  show  the com parisons o f  the experim ental results w ith 
the p red ic tio ns from  the three m odels, i.e. this w ork m odel, บ .ร . E P A  m odel 
and N evers m odel, in  the system  o f  300 m l initial gasoline volum e, 15 cm vent 
heigh t at 30, 35 and 40°c. From  these figures, the proposed  m odel gives 
consisten tly  exce llen t agreem ent w ith  the experim ental data w hile  the บ .ร. 
EPA  m odel and N evers m odel does no t represen t the data as expected.

F igures 4 .10-4.12 give the com parisons betw een  the experim ental data 
and resu lts from  the m odel in the system  o f  300 ml initial gaso line volum e 
w ith  vary ing  the ven t heigh t from  15 to 30 cm at th ree d ifferen t tem peratures, 
30, 35 and 40°c. A ccord ing  to these figures, the p roposed  m odel still gives 
be tter rep resen ta tion  to the experim ental data w ith  the average deviation  o f  
8.41% .

To test each  m odel on the effects o f  vent height, experim ents w ere set 
up w ith  300 m l in itial gaso line volum e, vaiy ing  the vent he igh t from  30 to 45 
cm  at th ree  d iffe ren t tem peratures, 30, 35 and 40°c. The resu lts are show n in 
F igures 4 .13-4 .15 . A gain, com pared w ith  the o ther m odels, the proposed  
m odel show s excellen t agreem ent w ith the experim ental data. The average 
dev ia tion  o f  th is m odel w as approxim ately  9.63% .

F igures 4.16-4.18 presen t the com parison betw een  the experim ental 
data  and resu lts from  the m odels in the system  o f  30 cm ven t height, 40°c and 
three gaso line  vo lum es o f  250, 300 and 350 ml. The best m odel th at agrees 
w ith  the experim enta l data  is th is w ork m odel w ith  average deviation o f  
10.14%.

F inally , F igure 4 .19  show s the com parison betw een  the proposed 
m odel, บ .ร . E PA  m odel and N evers m odel in the system  o f  30°c, 300 ml 
gaso line vo lum e and differen t cross-sectional area per vent he igh t ratio . From  
this figure, th is w ork m odel could  be used  w ith  a w ide range o f  th is ratio  w hile 
the o thers m odel could  no t be used to p red ic t gasoline em ission in th is system .



------- -- Proposed model บ.ร. EPA model
;ร'' 0.25 - Nevers model X Experimental
J Mq>"ssiZร

0.20 ^ X  Xy
wwv mw พพ. vwvs /AW vav/ X v WWW WWW WWW ww\ WWW WWW MM WWW jx ! X

© 0.15 -
s 0.10 -
C J

o c=5ÔSo 0.00 - 1 1 "1 " 1 1 1 1

0 1 2 3 4 5 6 7
Time (d)

F ig u r e  4 .7  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 3 0 ° c ,  15 cm  re lea se  v en t h e ig h t
an d  3 0 0 m l g aso lin e  v o lu m e น)



บ.ร. EPA model
g  0 .2 5  ๅJDI)

I  0 .2 0

1  0 .1 5  -

I  0 .1 0  -

I  0 .0 5  

๐  0 . 0 0 1

Proposed model 
Nevers model X Experimental

X

X X  X
X» X

1 2  3 4  5 6 7
Time (d)

NJ

F ig u r e  4 .8  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 3 0 ° c , 30  cm  re le a se  v en t h e ig h t
an d  3 00 m l g aso lin e  v o lu m e



บ.ร. EPA model

I  0 -2 0  -

--------   Proposed model
Q 2 5  ----------- Nevers model X Experimental

I  ° - 1 5

0 1 2  3 4  5 6 7
Time (d)

F ig u r e  4 .9  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 30°c, 45 cm  re le a se  v en t h e ig h t
an d  3 0 0 m l g aso lin e  v o lu m e

น)



------- -- Proposed model ........... บ.ร. EPA model
e  0.35 - Nevers model X Experimental
J  0.30 - X
ร ิ 0.25 H ^  ^  ^  .& X  X X  XI  0.20 - X
1  0.15 -j
J  0.10 -เ
1  0.05 iS3

A  A A0.00 า 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7

Time (d)

F ig u r e  4 .1 0  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 3 5 ° c , 15 cm  re le a se  v e n t
h e ig h t an d  3 00  m l g a so lin e  v o lu m e



Ga
sol

ine
 em

iss
ion

 ra
te 

(g/
d) 0.35 

0.30 - 
0.25 - 
0 . 2 0  - 

0.15 - 
0 . 1 0  - 
0.05 - 
0 . 0 0  -  

0

------ Proposed model ............. บ.s. EPA model
------ Nevers model X Experimental

X

X" X

1 2 3 4 5 6 7Time (d)

F ig u r e  4 .1 1  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 35°c, 30 cm  re le a se  v en t
h e ig h t and  300  m l g aso lin e  v o lu m e



บ.ร. EPA model

t  035 1
$  0-30 - 
I  0.25 -
1  °'2° -  
I  0.15 -
a  0 . 1 0  - 

1  0.05 - 
s  MO i

Proposed model
Nevers model X Experimental

X

3Time ( 4 6 7

F ig u r e  4 .1 2  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 35°c, 45 cm  re le a se  v en t
h e ig h t an d  300  m l g aso lin e  v o lu m e



0.50
CJ 0.40พima© 0.30
รa i 0.20
ริ
© 0.10
S3a 0.00

Nevers model X Experimental
Proposed model ............  บ.ร. EPA model

1 2 3 4 5 6 7
Time (d)

F ig u r e  4 .1 3  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 40°c, 15 cm  re lea se  v en t
h e ig h t an d  300  m l g a so lin e  v o lu m e



บ.ร. EPA model
0.50 
0.40 - 
0.30 
0 . 2 0  

0 . 1 0  - 

0 . 0 0
0

Proposed model
Nevers model X Experimental

X

1 2 3 4 5 6 7
Time (d)

F ig u r e  4 .1 4  C o m p a riso n  o f  p re d ic tio n  fro m  the  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 40°c, 30  cm  re le a se  v en t
h e ig h t an d  3 00  m l g aso lin e  v o lu m e



0.50 บ.ร. EPA model

0.40 -
0.30 -
0 . 2 0  -

0 . 1 0

0 . 0 0  ~  
0

Proposed model
Nevers model X Experimental

X

A

1 2 3 4 5 6 7
Time (d)

F ig u r e  4 .1 5  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 40°c, 45 cm  re le a se  v en t
h e ig h t an d  300  m l g a so lin e  v o lu m e



บ.ร. EPA model
0.50  

1 ?  0.40  
I  0.30

I  0.20

I  0 . 1 0  

«  0.00

Proposed model
Nevers model X Experimental

X

0 1 2 3 4 5 6 7
Time (d)

F ig u r e  4 .1 6  C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  the  e x p e rim e n ta l d a ta  a t 40°c, 30 cm  re le a se  v en t
h e ig h t an d  250  m l g aso lin e  v o lu m e



ะะ
O

'โ ท ิ

ร
<SJ
ZJ
ร ิ

~ 3
1ท ฺCS

O

0 .5 0  - 

0 .4 0  - 

0 .3 0  - 

0 . 2 0  

0 . 1 0  -  

0 . 0 0  -

0

Proposed model ............ บ .s. EPA model
Nevers model X Experimental

X

“ ไX " -X- X
X

1 2  3 4  5 6  7
T i m e  ( d )

Figure 4.17 C o m p a riso n  o f  p re d ic tio n  fro m  th e  m o d e ls  to  th e  e x p e rim e n ta l d a ta  a t 40°c, 30  cm  re le a se  v en t
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