CHAPTER 4
Results and Discussion
4.1 Bubble Purnp Performance

The models of the bubble purnp were established from the experimental data
during the boiling stage or frorn 11:00 arm to 1:30 prin. The date of each experimental
case is shown in the Appendliz B, The investigated pararneters were the mass flow rate
of the distilled water (My), the reservoir level of saline water in the evapaorator or
reservoir level (H), the ternperature coming from the solar collector (T,), and the initial

concentration of sea water (Xf).

4.1.1 Results and Discussion

o

The testing resulizs waie demonzirated in 2 graphs. These graphs illustrated the
distilled water yield (M) in milliliters produced by the systern every minute in functions
of the outlet temperature (T,).  Two variable factors were involved. One was the
sercentage of the reservoir level in the bubble purnp (). While, the othar was the
ge of the initial salt content in the solution (Xf).

The reservoir level of the bublble pump was shown in relative value (percentage)
to the bottorn of the svaporator insizad of the absoluie value zo that it is easier to be

called and pictured.

In general, the production yield aadually increased as the outlef ternperature of

proven o the mast efficient in various initial salinity. 80% was proven to be the second

most efficient, whilz 100% of the reservair level produced the less yield. This is because

the arnount of the solution in the coil fube was reduced with the decreaze of the
reservoir level. Wiih this sraller armount, the solution received rmore heat from the

evaparator. Howevar when the reservair level was decrzased, the heat transfer area was

also reduced, resuliing in heat lost in the evaporator.

In 2% zalinity case a2 shown in Figure 4.1, the average amounte of distilled water
were 15.54, 11.26 and .95 ml/min, produced by the system with the reservoir Lavel of
£0%, 50% =nd 100%, respeciively. Sirilarly, Figure 4.2 shows the productivity raie from
the solution with the initial salinity of 2.5%. The average distilled water yields were 12,92,
10.22 and 7.57 ml/min, produced by the systern with the reservair level of 60%, 30%

and 100%, respectively. When comparing Figure 4.1 to Figure 4.2, it shows that the
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systern with an initial zalinity of 3%, produced more than the systam with an initial
zalinity of 2.5% at the same head pressure. In Figure 4.2, water distilled at rezervoir level
capacity of €0% waz only chown because the productivity rate of the systern with a
resarvair leval capacity of 30 and 100% were predicted to be decreased, respectively.

The average yield of diztilled water in thiz caze was 11.55 ml/min.
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Figure 4.1 The diziilled water yield rate at the initial satinity of 2%.
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Figure 4.2 The distilled water yield rate at the initial calinity of 3.5%.
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Figure 4.3 The distilled water yield rate at the initial salinity of 4%.
4.1.2 Comelation of Bubble Purnp

The correlation between the macs flow rate of the distilled water (M), the
recervair level of saline water in the evaparator (), the temperature coming from the
solar collector (T,), and the initial conceniration of ca water (X;) wers empirically
comelatad from section 4.1.2. Instead of forming an equation as M, = f(T,, H,X;), the

correlation was divided into 2 equations by the initial salinity factor.

From Figure 4.1, the produciion rate of distilled water in the case of 2% calinity in

varying reservaoir bevel could be formulated as

M, = (—353.823100 + 2.75650H — 0.0065452H%) @.1)
+ (2.61750 = 0.02694167H + 0.00006292H )T, -

The resarvoir level ranges from 162 10 270 mm and the outlel teroperaturs ranges

frorn 95 to 10257 with the uncertainky of £7.02%.
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Figura 4.4 Initial zalinity of 3%: vanifying the modal with e-perimentzl data.

The comparizon of the production rate of distilled water in varying reservoir level
from the e-pariment with the equation 4.1 could Be shawn in Figure 4.4, The rasult
chowed that 91.66% of the e-perimenial data was consistent with the simulation data

within +10%.

In zcdition, production rate of diztilled water in the case of 2.5% salinity in varying
reservoir level could be formulated as

My = (60.05200 = La3710H + 0.00434H7) (.2
+ (—0.59100 + 0.01749H — 0.00005H)T,.

The reservoir lavel ranges from 162 to 270 mim and the outlet ternperature ranges
frorn 95 to 10227 with the unceriainty of £12.64 9%
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Figure 4.5 Initial salinity of 3.5%: verifying the rmaodel wiih (~;\|:xeurruﬂn tal data.

The comparizon of the production rate of distilled water in varying rezervair level
frorn the esperiment with the equation 4.2 could be shawn in Figure 4.5. The result
showed that 52.22% of the e-parimenial data was conzistent with the simulation data

within +10%.

The
level of 162 mm (60%)

p'udUL_Lh n rate of distitled water in the caze of salinity of 4% with recervoir

(‘l

My = 0.8669T, — 77.052. (4.3)

The reservoir tevel ranges from 152 to 270 rmim and the outlei tzmperaturs ranges

from 95 (o 102°C with the uncertainty of 27.72 %.
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Fisure 4.6 Initial salinity of 4%, verifying the model with eperirmental data.

The cormparizon of the production rate of distillad water in varying reservair level
from the experiment with the equation 4.2 could be shown in Figure 4.6, The re:ult
showad that 37.5% of the evperirmzntal data was concizient with the simulztion data

within £109%.

4.1.3 Toial Reat Transfer Coefficient of Bubble Pump and Bailing Point

£ o .~
| I

The value of the total heat transfer coefficient of bubble pump was selected from
the average value of the e-perimental daia which equaled 45 W/m2K with the
uncertainiy of 10%. The hezt transfer cosfiicient was aszurmed o be constant a8 the
heat evchange was between forced flow snd natural flow of two liquids, The heat
transfer coefficient from the forced flow affects the value of the overall heat transfer
coefficient much more than that from natural flow (18] Besides, the :pead of forced-
flow liquid which waz the zolar working fluid was et ar constant throughout the
e-periment. The boiling points of the solution with the initial salinity of 2, 2.5 and 4%

were about 95°C (see Appendix B).
4.2  Solar Desalination Lnit

The calculation data was validated by the evperimental data throughoul the day
in each case. The desired data from the erperiment was the rmass flow rate of the
diztilled water (My). In arder to verify the entire system model, the data of the mass

flow rate of the brine water (M) and brine water salinity (V) was alzo collected.

28



4.2.1 Results of distilled water praduction

te L

All cazes results are displayed in 7 graphs which shows the results of distilled water
rate. The calculated resuliz are compared with the experirmental resulis to verify the
accuracy of the zirmulation rmaodel. The quaniity of the dizfilled water in each graph was

shown in rillilitars per minuie on a3 average of every 30 minutes.
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Fisure 4.7 The caze of the 3% initial salinity and the 602G recervair lavel.

16

14

12

10

water amount [nil/min}

ed

4

=

A2

oo
- 2 ke S 20 o b % P 224 "X aLige 1
U b

10:30  11:00 11:30 12:00 12:30 . 13:00 13:30 14:00 14:30 15:00 1530 16:00

Time Experiment FSimulation

Figure 4.8 The case of the 3.5% initial zalinity and the 609G reservoir level.
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Figure 4.11 The caze of the 3.5% initial zalinity and the 20% raservair Lavel.
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Figure 4.12 The case of the 3% initial zalinity and the 100% raservair laval
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Figure 4.12 The case of the 3.50% initial salinity and the 100%% reservair level.

The total yield of diziitled waier data from sirnulation and experiment throughout
the day in each caze is surnmarized in Table 4.1, In general, the data of the distilled
water yizld from the e-periment was lezs than that from the dmulation with & mzeimun
difference of 5.6%. This might be because of the heat Last because of nob condansed
water vapor, The results taben on cloudy day: varied maore than the results taben from

sunny days.

Table 4.1 Sirmulation and experiment resuliz of the diciilled water vield.
J

Recervair lavel | Initiat salinity Sirnulation E-periment Difference
(%] (%] [rnl] [ml] (%]
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4.2.2 Results of brine water production

Resarvoir Lavel | Initial zalinity Sirmulation E-perirnent Difference
(%] [%)] [m/20rin] [rml/30min] [%]

37259 32420 12.99

2973.6 3458.7 1296

3967.8 3516.2 11.36

[*8}

60

t
1

N

80 3 3747.2 3145.0 16.07
2.5 37959 33250 1243
3 3701.7 3708.7 1.78

100

35 3896.4

Table 4.2 compares the cimulation data (o the eperimenial daia of the brine
water rate in avwers@‘:. The data waz selected from 11:00 am (o 230 pr when was the
boiling stage in all cases. The difference: were quite high, about 12% in most cases.
There might be two reasons of the high differences. The first possible reason was the
hurnan error of measzuring the yield raie which was measured manually every 30 rminutes.
The other reason might be because that the brine water evaporated and jurmped off the
rezervoir during collecting a2 the drop of brine water waz siill hot and felt about half

rneter into the reservoir.
4.2.2 Results of brine water salinity

Table 4.2 Sirmulation and evperirmant results of the brine water salinity.

eservoir level | Initial zalinity Sirnulation Eoperiment (%] | Difference
(%] . [%] [%] (%]
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Table 4.2 showed the verification to the simulaiion data of zalinity of brine watasr

in average in all case:r by the ewperimental daia. The comparizon shows that the data of
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brine water zalinity frorm the computar simulation and frorm the 2periment was less
than 5.5% different.

4.2.4 Effect of initial salinity on the productivity rate

Desling with sali water distillation, initial salinity of the solution iz an imporiant
parameter since it affectz the boiling poini of the soluiion. Theoretically, the boiling
point of salt water solution with salinity of 29 iz 3t least 0.25%C highar than the boiling
poirt of fresh water at the ambient pressure. However, by observing from the
evperiment, the boiling point of the solution with salinity of 2% was about 94°C. The

drop of the boiling point risht have resutted from the pressure drop in the evaporator.

The diffzrence in the bailing point of the solution with initial zalinity of 3%, 3.5%
and 4% werz lezs 1°C which waz difficult to notice frorm the eperiment. Thersfore for
the bubble pump desien in this study, the bailing paint of salt water saluticn with salinity
of 2%, 2.5% and 4% were azsumed to be 9d, 945 and 95 %0 respeciively, for the

simulation.

Fieurs 4.14 illuztrates the effect of varying initial salinity of zali water solution on
the productivity rate with recervoir level of 60%. We cbzerve from Figure 414 that the
higher the initial salinity leval, the lower the distilled water yields of distilled water wera
produced. From the eperimental data, the average production raie of the systern with
60% rezervair Lavel was higher than that with 209% reservoir lavel about 14% and higher
than that with 100% rezervoir lavel about 22%. The 20% reservoir level was higher than

100% reservair leval about 22%.

The influznce of initial zalinity of the calt water zolution on the zystern’s
performance shaown in Figure 4.14 wa: just to numerically illusirate the theory, When

applying with natural sea water, thic factor cannot be controlled.
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Figure 4.14 The effect of initial salinity on the production yield.

Motation: Bold lines represents the data from the simulation.

Dazh lines represents the data from the experiment
4.2.5 Effect of reservoir level on the productivity rate

Rezervoir level or driving head is the recervoir level of the solution in the resensair.
Thiz factor was proven o have influence on the sysiem’s perforrmance.  Figure d.15
shiows the average production rate procuced by the systern with different reservoir level
during boiling state. The initial salinity of the salt water 2olution in thiz comparizon was
2%. The zirlation data of distilled water representec by the bold lines was verifizd by

the experimental data which wa: representad by the dash lines.

35



15.00
14.00
13.00 |
12.00
11.00

10.00

distilled water rate [ml/min]

9.00

8.00

10:20 11:00 11:30 1200 1230 13:00  12:30  14:006 14:30  15:00

Figurz 4.15 The affect of rzservoir Lavel on the production vield.
Notation: Baold linez represent: the data from the sirulation.
Dash lines represents the data from the e-pariment.
Frorn Figure 4.15, the sysiem with 60% of reservair level was the most efficient, by
producing about 12.5 ml per minutz in ax)erage. While 20% and 100% of reservair level
produced 12.5 and 11.5 ml per minute in avarage, respectivaly,

The overall responce was that the lower the rezervoir level, the rmore distilled

watar vield was produced. However, when the rezervoir level was taa Low, the preszure

of warking fluid would increase due o the amount of the salt scludion which alzo

b -

functionzd as cooling system was not enoush to absarb the heat, Up to the point where

the pipe at somewherz in the systern would eplode because of high pressura.
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4.2.6 Responze of brine water salinity to outlet fernperaiure from solar collector
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Figure 4.16 Salinity of brine water from the solution with initial zalinity of 2%.

This zection e-arined the trend of the salinity of brine water corresponding to the
cutlet temperature from solar collector in the simulation 23 showad in Fisure 4.16 a3 an
evarmplz. In thiz case, the solution with calinity of 2% wa: diztillzd by the systzm with
the recervair level of 162 rarm or 60%. AL fr:t, brine water salinity increased o about
2.6% of water by weight whan the soluiion bagan to boil. Once the ouilet termperature
continually increazed, the salinity of brine water :lightly decreazed to about 2.2% before
increazed cormresponding to the rize of the ouilet termperature. The outlet ternperatura
hwge decreased at the end of the day made the salinity of the brine water increased

dramatically to about 7.7%.
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