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Abstract - Thermosyphon solar water heaters are the best choice to be utilized in residential sector
to |'|I'I.F'|-Id'l. the r.:qmn.d hot water in Libya. These systems are autonomy in operation and as a result
require less maintenance, and bence low operation and initial costs than active syslems. Inthis paper,
ConOpt optimazation  techmigue provided 0 TERNSYS  simulation progrom s used  Gor sizing
thermosyphon svstems 10 obtain the optimum siee (namely P24 rano)y of themmosyphon svsiems that
suits Libvan familics accordimg o the weather and operating conditions of Tripoli. The tvpical hot
water lond pattemn and quantity of the Libvan families are taken from a ficld stody conducted on a
number of solar svstems for a whole vear, Whereas, the tvpical weather data are taken from five vear
measurements recorded at CSERS weather station.

I'he results showed that the optimum storage tank volume to collector area ratio of thermosyphon
syslems 15 between 49 60 Livm® for the most common coellector characteristics ratio
(F LA Crend - 6=8) and the ausiliary heater set poinl lwmperature ranges from (4360 °C),

Keywards - Thermosyphon solar water heater. TRNSYS, Optimization.

LINTRODUCTION expected to impose using solar water heaters
instead of using electric ones  wherever
possible  in l:]h.. new  buildings.  Cireat
potential  of  investment in solar  water
heaters 15 expected 1o 1ake place in the nexi

A huge number of houses are boing bt
every vear in Libyva in a governmental plan
1o build more than 230 thousand homes by
2002, More recently, new  laws  were
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few months as a result of many buildings are
ready  for nstallaton ol such systems,
Therefore, care should be taken to put
control on  solar water heating  svstems
market to offer good quality  systems.
Hence, this will reflect the good image on
reliability of these systems in providing the
required hot water for builldings.

Today, there are several types of solar
water heaters in use worldwide, and the
most common of these systems 15 the
thermosyphon type. These systems are more
suitable for warm regions where the winters
are mild and therefore hguid freeang 15 not
an ssue. Well  designed  thermosyphon
svstems have the advamage over the other
types of systems: less investment cost, less
operating and maintenance costs. Therefore,
these swvstems are very adequare for the
Libyan climate,

Literature review has revealed that there
15 no systematic easy method for sizing and
optimizing thermosyphon systems, and most
of the systems in the market were designed
based on tral and error methods which are
more based on intuition rather than scientfic
meethioeds (17, This could be attributed 1w the
fact that modeling the thermosyphon
phenomena in these svstems 18 @ very
complicated task.

I'he storage tank volume to the collector
area ratio is one of the main design
parameters of the solar water heaters.
Through the Inerature many propesitions
have been suggested to determine  the
optimum ratio. Shariah and L&f [2] have
found the optimum value of FAA. in
thermosyphon  svstems  according o the
weather conditions of Los Angeles o be 40
Litm® in case of the daily hot water drawn
being 250 hitres at temperatures of 50—
BOC and according to the well-known
Rand hot-water  distribution  profile. In
Darwin, Australia where there 15 good solar
radiation, the recommended value of the
tank 1o collector ratio is arownd 112 Livm’
for 100% solar fraction, while in Melbowme,
where solar radiation 1s intermittent and the
system is supplied with auxiliary heater, the
recommended ratio 1s around 67 Liv'm™ [3].
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Abdunnabn  etal. [5] have
developed an accurate design waol for sizing
thermosyphon  systems  using  genetic
algorithm optimization routing coupled with
the TRNSYS simulation program.  The
design tool was implemented to find the
optimal  svstem  design of thermosyphon
syslem for Tripali-Libva, andl for
Birmingham-UK.  The  study  gives
encouraging results although some of the
input data such as hot water load pattern and
material cost are not very accurate. The
present study focus on using TRNSYS
component w0 hind  the
optimum storage wnk volume to collector
area ratio for a single family house based on
more  accurate  weather and  operating
conditions for different configurations. The
coal  function 15 used as an  objective
function tor the optimization

Recently,

pptimzation

2. HOT WATER LOAD VOLUME
AND PATTERN

In fact. there 15 a lack of information
about the hot water lead pattern and volume
for Libvan familics due tw the required
tacilines o conduct such a study in a large
scale, However, in thas study, the hot water
load pattern and volume are extracted from
real measurements of only five solar water
heaters fitted for families in Tripoli to
evaluate their thermal performance for a
whaole vear [6]. The svstems were provided
with digital flow meters and temperature
sensors  scanned  every 100 seconds  and
recorded the data as an  average or
accumulation {depending on the type of the
parameter) for every 30 minutes (user
settiings). The results obtaimned for the five
syslems as quantimes of water amnd  ther
temperature al every 30 minutes are unified
as e¢nergy  before  they compiled  and
accumulated. The accumulated energy over
the time of the dav as hourly wvalues is
converted to water quantities at withdrawn
temperature of 43 °C which is sufficient for
bathing and kitchen use. The tinal result for
the typical hot water load pattern for Libvan
families in Tripoli 1s shown in Figure 1. The
study has shown that the guantity of hot
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water per person per day is about 57 liters at
withdrawal temperaiure of 43 °C. The
tvpical load profile shows peaks at moming
ume indicating household bathing practices.
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Fizure 1: Typical hot water load pattern lor
Libvan families in Tripoli

JWEATHER DATA

[he most important information to run
the design tool is the weather data of the
location.  The weather conditions are
inherently changeable, never be days ahke
i all  aspects, Therefore,  the  typical
metrological vear (TMY) 18 the best format
used to represent the recurmrent prevailing
weather data in a certain location. However,
due to the dramatic changes of the
environment as a consequence of global
warming and other 1ssues, the TMY for data
collected 30 vears age cannot be considered
accurate,  and  therefore  the new
measurements will be more representative.
In this study, recent recorded weather data
from weather station belonging to the Center
tor Solar Energy Research and  Studies
(CSERS) located in Tajoura ( Trpali suburb)
for five vears are used. The data were
recorded every 10 minutes for a number of
environmental parameters. I'he
methodology  used here 1o extract  the
representative year 15 nearly the same as
given by Klemn|3]
method., Simply by taking the data of the
line that has the closest values (the least
deviation) of the global solar radiation on
horizontal surface and the ambient air
l.‘L"!]'IF.'I'L'r.:l[lJTL" [[] []'IL" mean 'l.'i.1|lI.L".'1 li'I-El ti'll..' SHIme
parameters for the five years. By using this

for his design year

methed, a design year of weather data of
Tajoura is obtained as shown in Figure 2.
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Figure 2: Twpical weather data for Tajur

{suburh of Tripoli)

4. TRNSYS MODEL

TRNSYS simulation program [4] 15 a
powerful  tool for  designing  and
evaluating  the  long  term  thermal
performance of thermosvphon solar water
heaters and studving the eftect of 1ts design
parameters. The basic idea of TRNSYS is
hased on modeling each component in a
system as module, The program in TENSYS
comprises  many  subroutines  that  model
subsystem  components.  The  subsysiem
components included in the standard library
are  programmed  in the FORTRAN
language. The program provided with a
compongnt  Type 45 “thermosvphon
collector component™ 15 used n this study
with many other components to simulate the
operation of actual thermosyphon system as
shown in Figure 3.
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Figure 3; Schematic of thermoswyphon system
and other components in TRNSYS

27

zLoz aunr (L)'oN (1) ININTOA




Abdunnabi/ Solar Energy and Sustainable Development, 25-31

VOLUME (1) N2.(1) June 2012

3. OPTIMIZATION
In  this study, a single objective
optimization  techmique  provided i

TRMSYS program based on a very [amous
GenOpt optimization routing  through the
interface TRNSYS componemt "TRNOPT”
15 used, The cost function 1s chosen as the
objective according 1o the following:

{:Dsrunr!icm = "*-'I'f x Eu". o I'l'r|_ - ':1,- + LT

LI

Where
Cy 2 cost of the collector per unit of arca

'y @ cost of the storage tank per unit of
volume

{2 annual auxiliary heating rate

LT expected life time of the solar system
C ¢ 18 the cost of the electricity

A, = collector area

The most imporiant typical values used in
this particular study are listed in Table 1.

Table 1: Twvpical linance and design parameter
values used in the study

Design
M parameter Valoe Remarks
- A 1:31"] ft -3 INCreEment is

0.1 m |

il].ﬂ? (.38 ancrement is
_II.[II m

a. E

3 Pl F o rey 0B

- Oy (L.Dim') 200

5.y L Ivm'y Ms0

6 . (L.DKWh) 0.05

It 18 very important 0 mention that the
unconstrained single objective optimization
technique is not the good option o find the
optimum system design parameters as the
problem is inherently multi-objective, and
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therefore 1t s very difficult to get consistent
results for different cases o make some sort
of comparison, This is attributed o the fact
that there 15 no control on the other ohjective
funcuons or constrams. In our case, the
objective function 15 the cost, and the other
two objective functions are the solar fraction
and the user outlet temperature. We can
control the QUL IEmperature the user {as
an advantage of the TRNSYS, not the
optimizer), but it is very difficult to put
constrains on the svstem solar  fraction.
Although, we still be able 1o get some very
uselul information through the use of this
routing. Results obtained are presented next,

6. RESULTS AND DISCUSSION
6.1. Tank voelume to collector area ratio

Looking at  commercial  solar  water
heaters and the literature, you will find
different  wnk  volume-to-collector  area
rattos (K40, This may be atnbuted
many reasons such as prevailing weather
conditions, system size, operation condition
and the required solar fraction.

The optimum tank size according 1o the
hot water demand and the tank velume-to-
collector arca were investigated, and the
results are presented in Figure 4 for the casce
of Felly/Foira=7 and for a solar fraction
over 93%, whercas Figure 5 shows the
results for the case of FeU R fren=6 and
for a solar fraction ranges from B4% 1o 853%.

¥ u 58T + 5,790

il 20 ] 260 i Elet
Diialy Water Draw-off {Libers]

Figure 4; Optimum ank velume versus hol
water load volume
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the results, it 15 clear that the
optimum tank volume 15 always less than
the danly hot water load volume in case of
the temperature of water withdrawn iz 45
‘C. In both figures (results) the optimum
tank volume to collector area was found
equal 1o 60 liters per square meter, however,
the wvalues of svstem solar fraction and
collector characteristics performance ratio
are different. These figures are very useful
to determine the solar svstem size based on
the hot water demand, system characteristic
performance and the required solar fraction,

Actually, this result { F4.=600) observed
in this study 15 1n good agreement with the
results of many other studies.

FFrom

180

vou 05715+ 185

1m0

100 20 10 i) 280 L
daly Water Draw-off [Liters)

Figure 5: Optimum tank wvoelume wversus hot
water load volume

6,2 Effect of user temperature

The required hot water temperaiure is
verv crucial for designing solar thermal
systems, It s very important to consider the
end use temperature o design the most cost-
effective system. In this section we will
discuss the impact of user temperature
variation m case of keeping the same
amount ol energy demand ({2 through
varving  the waler,  and
considering the auxiliary heater set point

amaunt  af

temperature  the same as the user
temperature as following:

'L}rj = m1ErJ{Tu.'.'|'r1 - Tr.::'

= F:'-J:.'.'l::';.l (Tiesera = Ted

= const. (2]

Where:

Tert « Tunerr ¢ the desired user temperatures
(in this case Tuerr =435 °C, Ter=355 °C)

iy, iz The equivalent amount of water to
satisfy the energy demand in each case.

Cpr The speaific heatl ol the water

Figure & shows the cffect of the user
temperature on the optimum system size. [t
15 wvery clear that ncreasing the
temperature (and keeping the same amount
ol energy required) will merease the system
stz¢ and hence the svstem cost. From
Figurc 6 for the case of daily hot water
required 200 liters at 453°C (main x-axis
scale) which 1s equivalent 1o 142 liters at 55
“C (addiional x-axis scale), the optimum
tank volume 1s increased by 1.2 times due to
the inerease of user temperature from 4510 55
o

user
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Figure 6; The effect of varving user temperature
on the system size

6.3 Effect of Auxiliary Set Point
Temperature

The auxibiary set pomt temperature 15 the
main control of the wemperature of the water
i the upper part of the msulated storage
tank of the solar svstem. Putting the set
point temperature as minmum as possible
will probably enhance the system efficiency
and mimmaze the cost. Howewver, lor the
health safety requirement it 15 recommended
to heat water up to 60 °C to avod grow
Legionella  that  may  cause  many
diseases [7]. In practice, the temperature o
the user 15 controlled by the mixer. Figure 7
llustrates the impact of the auxiliary heater
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setting temperatures (45 and 60 “C) on the
:'i:n'}i“.'l:ll ."-iii':ﬂ.' ".".ILIH'L' 1.'!':.' LT !EI]'Il'H.'IHllJIL' Ix
kept sinalar an bath cases at 45 °C and the
system solar fraction ranges from 82% 10
84%. It 15 obvious from the figure that
raising the setting  temperature  without
raising the user temperature increases the
svslem collector area by over 1.1 nmes and

the storage 1ank capacity by an average of

over 1.2 umes in case of mereasing the
auxiliary temperature sctting from 45 °C to
(1 e

In summary, the optimized values of the
design parameter tank volume 1o collector
area ratin (F/40) of thermosyphon solar
water heaters obtaimed m thos study  are
summarized in Table 2.
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Fipure T: EMect of auxibary heater set point
temperature o0 the system stee (T — 43%0)

[t is very clear from the table that am
Hnt
temperature (T, and collector characten-
stics ratio el AFfreg there are cormespo-
nding values of tank volume to collector
area ratio (Fel/Fora). These values of-
course vary with the required solar fraction,
as mentioned carher using TrnOpt based on
GenOpt i TRNSYS {unconstrained single
ohjective optimization) is not ¢asy 1o control
the solar fraction as in our case where the
cost function is chosen as an objective
function.

The results have shown that for dilTerent
tested  wvalues  of  awahary  set poimnt
temperature ([ Towd and collector
characteristics  ratio  FplUp/Fita), the
optimum values of the storage tank volume
to the collector area are (4% -60) liters per
30

differem values  of  auxibary  set

square meters. These design values can
provide (77 1o 83%) of the svstem solar
fraction.

Table 2: Optimum valee of (YUAC) at dilfenea
parameter values

E__E SF (%) | FalyFriva) I[‘_r,‘;,‘:.‘:]
45 45 B5 [} B}
ik 45 e fy A
45 45 K2 7 i
b 435 HIl T 51
45 45 rx) i 57
fai? 45 T &5 4%

T.CONCLUSIONS

The results in this paper demonstrate that
the design ol thermaosvphon solar water
heaters involves the interaction of many
factors such as operation and  weather
conditions.  All  these  parameters  are
unpredictable which varies from place to
place as well as, some of them wvary from
famly o another and even from day 1o day
for the same family and for the same place.
This of course will make the design problem
more complicated. In this paper. tvpical
weather data and tvpical hot water usage
pattern for Tripeh and its suburbs were used
for finding the optimum design parameter
(VA of thermosyphon solar water heaters
for residential sector,

The study has concluded that the
optimum design values (F/4.) is between
(49 60 Litm”) for dafferent values of solar
fraction, collector charactenstics ratio, and
auxiliary heater set point temperature

B NOMENCLATURE

.14 Collector ares {m-)

£y Cost of the collector per unit of ares
(LI m

O Cost of the slormpe aak per wnt of

1
virlume (L0

L Y The eost of the electrieiry {LIVKWh}
Oh Specific hemt of the water (k) kg Kb
DiIF 12 fuse solar iradiance (KWh'm™/dav)

Collector  thermal  loss e eollector

Feld fFr
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