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Experimental Study on Gasification Characteristic by Using
Liquefied Gas Vaporizer with Various Shape
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Nomenclature 1. INTRODUCTION

V;  Length of vaporizer [mm] ILNG is consisted of CHs as main component,
T : Inner diameter of tube [mm] which is produced by cooling and compressing
r, - Outer diameter of tube [mm] process of natural gas. LNG is carried and saved
F, : Length of vaporizer fin [mm] as a liquid below 111 K from the outside. But,
Fn @ Thickness of vaporizer fin[mm)] LNG must be vaporized for its using like fuels in
F,,  Number of vaporizer fin industries and home and so on. The cold energy
V, U Air velocity of test room [m/s] generated about latent heat of 120 kecal/kg and 80
T, @ Afr temperature of test room [K] keal’kg of sensible heat, while the vaporization
H, @ Afir humidity of test room [%] process. Most of cooling heat is wasted during
@y, - Mass flow of LN; [kg/min] vapor generating process. Otherwise, the
tremendous energy imported from sea for using
AHpd 1 20061 124 MY, A 0 20009 38 26 its energy. It is very important to save and
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araked At re-circulate the wasting energy such as the
E-mail | hmjeong@grmackr Tel, (55)640-3184 cooling heat during the gasification process. When
o] &, Eldwin : Zddigta tfekd 274 58 we reserve and re-circulate this wasting heat, we
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save about 180,000t (TOE) energy.!™

There are many different wavs of gasification,
such as the method of heating by sea water, the
method of heating by air and the method of
converting gasification. The first method is taking
out cooling heat from the LNG convert to NG
process using sea water. The second method is
the reserved LNG convert to gasification. The
former method called sea water method and the
later method called ambient heating method which
is using ambient air instead sea water. The later
method mainly use in huge industrial area and
wide resident area. Air has a small heat capacity,
$0 it can produce only a small volume of NG, but
as LNG expands 600 times from its original
supply NG to  the
surrounding more conveniently. Since the systems

volume, svsterms  can
are changing in the way that energy sources for
large size apartment and industrial complexes are
concentrated, there 1is increasing demand for
systems that vaporize directly with air at domestic
To meet this demand, the general
characteristics of super low temperature vaporizers
should be examined and air type vaporizer should

be developed first. Air type vaporizer is applicable

terminals.

to domestic terminals to he installed around
industrial complexes or at large size apartment
complexes. Because air type vaporizer can't effect
its vaporization performance properly due to the
condensation of moistire in air outside the
vaporizer, 23 vaporizers are used alternately. To
solve  the low performance and redundant
installation, many researchers are carrying out the
optimization of design technology  through
performance analysis and experiments.”™ The
present study was carried out an experiment on
air type vaporizer focused on shape parameters.
After
parameter, we presented the vaporizer design with

the optimal performance for each type and length

experiment was conducted for each

2. Experimental model and method

Fig. 1 shows the structure of the vaporizer

system used in the experiment. The structure has
the form of a closed circudt, in which temperature,
humidity and wind velocity circulate through a
duct while experiment was performed through the
control pzmel. The condition of the room was
maintained constant. Moreover, in  order to
measure the Tflow rate, we used a scale to
determine difference of the weight of the tank of
LN; hetween the beginming and the end of the
experiment. In addition, to measure change in
temperature inside the duct and the end of the fin,
we installed K type and T type thermocouples.
The experiment was conducted for an hour and
data was collected every 6 seconds by using a
PC and data logger. According to the result of a
¥ on the heat

flux of atmospheric vaporizers for LNG through

previous research by KOngg) and Yi

numerical analysis and experiment using CFD, the
optimal thickness of vaporizer fins was 2 mm and
performance was relatively high when four fing
were installed at intervals of 90°. In addition,
according to the results of experiment on the
characteristics  of  atmospheric
vaporizers based on the outputs of numerical
analysis, 4fin80le and 8fintble were suggested as
the optimal shapes. Where, 4fin80le means that
the vaporizer has four of fin number and 80mm

arrangement

of fin length.

Fig. 1 Various photos of components comprising

the vaporizer system

Fig. 2 shows the schematic diagram of the
vaporizer models used in this study. Models in
our experiment are divided into models, which
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were designed and manufactured at a length of
4000mm, 6000mm  and 8000mm. In the actual
models, basic modules were connected through U
tubes, and the material of the wvaporizer model
was aluminum (A60535). In addition, the length
of the vaporizers and variables related to the fing
are presented in Table 1.
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(c) Model 3

Fig. 2 Basic module of vaporizer system

Table 1 Specification of Vaporizer arrangement

Array Vo T i Fr Fr

N | o) | ow) | om) | om) | om) | ¥
g 1000=4

Finless 263 | W00o=6 | 12 15 | none | none | none
Znd | 1000=3
ZnZ 10004

Hind(le 263 | W00o=6 | 12 1 a0 Z 4
2x4 | 1000=3
g 1000=4

Sfinoble 263 | W00o=6 | 12 1 o Z 3

Zxd | 10008

As working fluid of super low temperature for
the experiment, we applied LNz, which was similar
property to LNG used in domestic terminals or
recaiving terminals. Table 2 shows variables
during the progress of the experiment. Room
temperature was maintained at 293K, and it was

controlled within +0.5 for precise experiment.

Inflow wind velocity was opened 1526, coming
evenly through the duct at a rate of 3.5m/s™4.0
m/s. Humidity was maintained constant at 50%
by using a ultra sound hygrometer, and was
controlled  within  #3% 1o keep the optimal
condition during the experiment. Pressure was 1
kg/em’ in absolute pressure, which was used to
measure flow rate during the experiment. Flow
rate was expressed by measuring the weight of
ILN; tank at the begiming zmd end of the
experiment.

Table 2 Experimental condition of vaporizer system

Vo 1 Ts H. Qe [test time
() | (%) (K 26) | {kg/min)| thr)
4000 | 35 033
finless | 6000 35 .37
ang | 38 035
4000 345 o0
Amdlle| G000 [ 35 | 203(2ZKD) | 503061 | 041 1
000 40 {41
4000 | 37 036
findble | G000 38 {41
ang | 35 043

3. Result and discussion

Fig. 3 shows the variation of temperature for
inlet and outlet as a function of time at same
length. The 8finShle model shows the highest
temperature difference between inlet and outlet at
length. The
decreasing between inlet and outlet as increasing

same temperature  variation is
length and time. Fig. 3(a) shows the temperature
difference is very wide because of enough heating
surface at 4000 mm length. However, it is shown
that 4fin80le model is higher temperature
difference between inlet and outlet in Fig. 3(b). In
case of 8Sfinbhle model case, the distribution of
temperature has shown similarity between inlet
and outlet because of low temperature difference
between inlet and outlet for 8000 mm length in
Fig. 3.

_7_



Experimental Study on Gasification Characteristic by Using Liguefied Gas Vaporizer with Various Shape

20
—8— finless(4000mm)
ovpers INGOIEA000M M)
o0k D SfInSSkA000M m)

¥ \L___g______:___ B %8

() Vi = 6000mm
=T ——a—  finless(H0mm)
i — = —  HInB0kE4000mmy
DT— o FNNSS(6000MM)
o 1‘0 2;3 -3:3 4.0 5‘0 &0
Time{ min)
peiin)
ol
7y
§ 180
g 00
g (c) VL = &00mm
ool
——a——  finlessBOM0MM)
— =% —  HInBOk B00mmM)
DTA o BnSS e B00mm)
o 1‘0 2.0 3‘3 4:3 5‘0 [=1]
T oo Tom)
Fig. 3 Comparison of temperature difference

distributions between inlet and outlet of each
vaporizer with same length according to

time variation

Fig. 4 shows the distribution of femperature
between inlet and ouflet as a function of length
The
increasing  length  for

for same vaporizer model temperature

difference is raised as
finless case as shown in Fig. 4(a). When outlet
temperature increases, it requires longer length
than 4find0le model case and¥finbble model case
which has fin The

difference is slightly increasing at 4000 mm

equipped. temperature

between inlet and outlef, fremendous increasing
phenomenon observed at 6000 mm length in case
of &finbdle model. This phenomenon confinued
until 6000 mm length. Therefore, it is shown that
the model of vaporizer which has 8000 mm length
lower efficiency comparing with the model of
vaporizer which has 6000 mm length even though
the heat is more absorbed the former case for
heating swrface.
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Fig. 6 Heat exchange effectiveness of each
vaporizer models  according to  length
variation

The experiments for 4000mm length, the highest
gas temperature in Sfindble model case. Otherwise,
the amount of supply for LNz at 4000mm length
case is lower than other length cases for each
vaporizer mode in Table 2. It is observed that the
gas femperature is high in 4000mm length case
and the amount of frost is low in this case
comparing  with other length case. In 4000mm
length case for three wvaporizer case shown that
the amount of supply for LN: is very similar
between these cases. Espedcially, the amount of
supply for LNz is same between in 4fin80le model
case and Sfinbble model case. In this paint, the out
let gas temperature is rmarked over 273K, the
Afindle model case is higher than 3fintble model
case. The 4findlle case supplies LIN; higher than
other two cases. The gas temperature is high in
6000 mm length case for same amount of supply
gas comparing with 6000mm length case, the flow
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rate difference of 0.04kg/min is not changing for
the gas The
vaporizer 1s very similar between in  dinS0le

temperature. performance of
model case and &finbble model case as a function
of different length fests as shown in Fig. .

But, the production cost is higher in 4fink0le
case because this case reguire more heating
surface than 5findble model
suggest in  4fin80le  model
advantageous for economic and manufacturing

case. Alsg, we

case 1s  more
aspect.

Fig. 6 shows the ratio of heat exchange as
different length for wvarious models. It is shown
that the ratio of heat exchange curve is similar
with gas temperature curve as function of
different length. Also, the ratio of heat exchange
which imply the maxinmum absorb heat rate and
the actual absorb heat rate from experiments at
the temperature achieve at 293 K. The same
phenomenon observed in this graph such as the
ratio of heat exchange is higher in 4find0le model
case than #finbble model case at 4000 mm and
5000 mm length.

Table 3 Fin effectiveness on vaporizer

AHindlle Sfinthle
4000 1.544 1.280
G000 mmm 1301 1.297
SR} mm 1115 1.214}
Q .
Qf mless
1.8
=
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Yaporizer length{mm)

Fig. 7 Fin effectiveness on 4fin80le and &fin55le

vaporizer at same vaporizer length
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The efficiency of fin was listed in Table 3 and
Fig. 7 shows the cirve of the efficiency of fin
The efficiency of fin is calculated using equation
(1), fin and finless of absorption ratio for 4find0le
model case and Sfinbble model case at same
length. In 4in80le model case, the efficiency of
fin comparison Bfinbble model case at 4000 mm
length was shown in Fig. 7.

The reason of this, the amount of supply for
LNz is higher and higher absorl ratio in 4fin%0le
model case. On the confroversy, in $findble model
case is higher efficiency of fin compare with
Afindlle model case at 80 mm length from the
high amount of supply for ILN:;:. Buf, 4fin30le
model case is higher efficiency of fin compare
with #finbble model case at 4000 mm length even
though same amount of supply for LNz, When the
efficiency of fin is decreasing as increasing
vaporizer length, the efficiency of fin is hecome
useless in infinite length. In special case, the
efficiency of fin decreased as distirbances of heat
transfer between gas and fin.

4. Conclusion

From the results on the
vaparization characteristic using the length 4000
mm, 6000 mm and 3000 mm of three vaporizer
models finless, 4fin80le and 3findble as a variable,

we drew conclisions as follows.

of experiment

1) At a length of 4000 mm, gas temperature was
highest at the outlet of wvaporizer model
Sfinbble, but at a length of 6000 mm and 8000
mrn, the distribution of gas femperature was
high at the outlet of vaporizer model 4find0le.

2) LNz showed a vaporization rate of 100 % by
discharging overheated gas through the outlet
in all of the three wvaporizer models. In
addition, in vaporizer 4find0le and Zfinbble at a
length of 6000 mm, gas temperature at the
outlet was over 273 K.

3) Temperature of vapor in the wvaporizer was
constant or decreasing, but the temperature in
the direction length increasing and decreasing.

This phenomenon resulfed from the pulsation
of pressure.

4) The showed higher
vaporization performance than Hfinbble at a
length of 6000 mm and 83000 mm. 4fin8lle is
considered superior in vaporization performance

vaporizer of  4finks0le

and economic efficiency.
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