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Abstract

The aim of this work is to design, construct and evaluate the
performance of a solar water heater system called a novel solar collector
system [2] with an experimental and mathematical calculation, where the
behavior of the collector is mathematically presented. The new type of the
solar water heating system differs from the other conventional systems by
integrating the collector and the storage tank into one piece of equipment,

which can be considered as self-contained unit, acting as a solar collector
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It has been found from the assumption of one dimensional heat flow
that some deviation occurs between the experimental investigation and
numerical results of collector mean plate temperature due to the systematic
and instrumentations errors in temperature measurements and the
assumption of no temperature gradient around the tubes.

It was found for the constructed system that the value of the overall
heat loss coefficient was about 7.5 W/m”. 'C (average value) and it is
accepted when compared with the literature, also the values of heat removal

factor are found in the range 0.86-0.88 and the collector efficiency factor


http://cbs.wondershare.com/go.php?pid=1140&m=db

value about 0.98 as a mean value. The instantaneous collector efficiency was
found to be about 0.8-0.86, which is larger than that for the conventional
system.

The comparison of the predicted temperature difference across the
collector and the efficiency of the system showed a good agreement with the

experimental results.
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It has been found from the assumption of one dimeaas heat flow
that some deviation occurs between the experimdantadstigation and
numerical results of collector mean plate tempeeatlue to the systematic
and instrumentations errors in temperature measmEm and the
assumption of no temperature gradient around thestu
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accepted when compared with the literature, alsovtiues of heat removal
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value about 0.98 as a mean value. The instantammedlestor efficiency was
found to be about 0.8-0.86, which is larger thast flor the conventional
system.

The comparison of the predicted temperature diffegeacross the
collector and the efficiency of the system showeggad agreement with the

experimental results.
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Appendix (B)

Sample of calculation:
Date of experiment 20/10/2004 at local time 12:001A

1-Calculation of solar radiation amount:
Given data: n=20, M=12,41353 W/nf, @=33.3 and from appendix
r=2.150, c=0.142
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2- Calculation of the collector parameters:
Given data:}=302 K, Ta=290 K, T,=15C, N=1 andm =5*10"° Kg/s

With V=3.5 m/s as average of wind speeg=8.7+3.8 V =22 W/rh C
And f =(10- 004h? +(510*h,?)) 01+ 0058N)=-19.1682

Substation the above values in eq. (4.3) lead5.622 W/M. C

By using eq. (4.4) and eq. (4.5) obtained that1D93 W/m. C and
Up=1.125 W/M. C

Then from eq. (4.2) £7.84 W/ni. C
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With D=8cm and [>=7.8cm, F=0.991 {eq. (4.9)}

S=HR (ra) = 1.01H @ =737.23 W/

The result of eq. (4.14) i5¥38 C

From eq. (4.16), eq. (4.17) we obtaineg® 868, U, 4.84.4 W/

And T, from eq. (4.19) equal to 28°C

Finally the instantaneous efficiency of the colkedtom eq. (4.21) is
n=0.832
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Appendix (B)

Sample of calculation:

Date of experiment 20/10/2004 at local time 12:00 A.M

1-Calculation of solar radiation amount:
Given data: n=20, M=12, [=1353 W/m?, ¥=33.3° and from appendix
r=2.150, ¢c=0.142
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2- Calculation of the collector parameters:

Given data:T,=302 K, T,=290 K, T;;=15C°, N=1 and m_=5 *107 Kg/s

With V=3.5 m/s as average of wind speed, h,, =8.7+3.8 V =22 W/m>. C
And f=(1.0-0.04h7+(5%107h, ) (1+0.058N)=-19.1682

Substation the above values in eq. (4.3) lead to U=5.622 W/m>. 'C

By using eq. (4.4) and eq. (4.5) obtained that Us=1.093 W/m>. 'C and
Up=1.125 W/m>. C

Then from eq. (4.2) U;=7.84 W/m®. C
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With D=8cm and D=7.8cm, F =0.991 {eq. (4.9)}

S=HR (ta ) = 1.01H; ta =737.23 W/m’

The result of eq. (4.14) is T,=38 C°

From eq. (4.16), eq. (4.17) we obtained Fg=0.868, U yseru= 4.84.4 W/m®
And T,,, from eq. (4.19) equal to 28 C°

Finally the instantaneous efficiency of the collector from eq. (4.21) is

n=0.832
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Chapter Five

Results and Discussion

5.1 Results:

The novel solar water heating system has been evaluated under
actual weather condition in Al-Nahrain University in Baghdad. The
results of this work can be divided in to two main parts, the first part deal
with the result of mathematical model, which included the investigation
of parameters governing the performance of the system with experimental
results. The second part includes the calculation of the percentage error of
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Test Predicted Experimental Percentage Flow rate
No. efficiency efficiency error % (Kgls)
1 81.2 80.1 1.47 5¢10°
2 83.7 86 2.32 5¢10°
3 84 81.3 3.21 510
4 83 86 3.48 5103

Table (5.1) Experimental and numerical efficiency and percentage
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deviation between them for the different test runs.
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No. efficiency efficiency error % (Kg/s)
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Table (5.1) Experimental and numerical efficiency and percentage

deviation between them for the different test runs.

26



http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter four

M athematical Calculation

4.1 Introduction:

In this chapter mathematical modeling and thecaétanalysis of
the novel solar collector will be described by edasng the thermal
factors affecting the system and the governing ®ous for the
mechanics of the system considering the boundangitons for the
particular system and calculation the amount o&rsohdiation on the
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4.2.1 Assumptions:

To model the situation, a number of simplifying@®ptions can
be made to lay the foundations without obscuring Basic physical
situation.

These assumptions are:

1- There is no absorption of solar energy by the cover

2- There is one- dimensional heat flow through theecov

3- There is a negligible temperature drop throughctheer.

4- There is one- dimensional heat flow through backHation.

5- Temperature gradients around tubes can be neglected

15
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6- Loss through front and back of the collector ib¢oat the same
ambient temperature.

7- Effect of dust and dirt on the collector is ngiglle.

4.2.2 Thecollector:

The novel solar collector is considered as a flatepcollector. The
heat transfer behavior of the collector is of trant type due to the
variation of weather conditions and load distribati With previous
simplifying assumptions and steady approximatidme Hottel-Bliss-
Whillier [1] theory can be applied to calculate the fluid out le
temperature from the collector in which overall dosoefficient is
dependent on water inlet temperature. Thus theviatlg simple relation
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Figure (4.1) Schematic diagram of the collector.
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The useful heat gain by the collector pet lamgth is given by:
q, =D[s-U. (T, - T (4.1)
The net solar energy absorbed is calculated bjotineula:
S=HR(ra)

Where:
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U,=U, +U, +U, (4.2)

The top loss coefficient is calculated by the folarRef. [1]:

_ N 1
g _[(3441)[(1) -T,)/(N+F)[™ m} (4.3)
+[ ofr, +7,)r,2 +7.2) }

e, +0.042N{-¢ )" +[(2N + T -1)/¢,]- N
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Where:

h, = 87+ 38V

f =(1.0- 004n,? +(5m0h,2))0f1+ 00S8N)

u =K 02(1 +W,)o
X

(Edge loss coefficient) (4.4)

e
e

U, =~ (Back loss coefficient) (4.5)
Xb
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h, =300W/ m°.C" For laminar trlow. Rert. [1]
k,b

Cb =_b"
Ve

Since there is no sheet associated with the thbet,e’rm% can be
b

taken as zero. Sub. In eq. (4.6)

Qu
hfyi ﬂDi (47)

So that eq(4.2) becomes T, =T, +

18
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By substitution eq. (4.7) in eq. (4.1)

_ q,
q, = D{S-UL[Tf + h D -TAH (4.8)
UL
. = 1 1/ 1 DD[S_UL(Tf _TA)]
D +
(DUL h, ,nD,J
Let the term— 1, - =F (4.9)
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q.4y

FLUID ¥

FLOW —— mcCpr y > mcCpr

y+Ay

Figure (4.2) Section of one tube
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By energy balance on the fluid flowing through at&m of one

pipe as shown in Fig. 4.2.

m.C,T,[,-m.C,T,

+Ayq, =0

y+liy

Sub.eq. (4.10) in eq. (4.11)

m.C, ddT); -FD[s-u, (T, -T,)]=0

- — '

(4.11)
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_DFUy (4.14)
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(4.15)
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Where kis the collector heat removal factor which is dedfl as
the ratio of actual useful energy gain of the atbe to the useful
energy gain if the whole collector surface at thelfinlet temperature.

m.C |
Fo= el 1 exg - O oY Ref. [1] (4.16)
U, m.C,
From eq. (4.15)
Qe = A%FR[S_UL (Tm _TA)] (4.17)
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Tom = Vem ™ Wusetu M-+ (“4.L19)
1 (4.20)
Rp_f -
h,,/7D,nL
Where:

R._;is heat transfer resistance between the platetenfiuid
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The Instantaneous Collector Efficiency:

It is defined as the rate at which incident saaergy is being
converted into thermal energy by the absorberamitis given by:

n = Qo _ m.Cp(T,, - T,) (4.21)
" OHA H. A

Thedaily collector efficiency:

It ic tho tatal 1icafiil anarmv Aain tA tho tatalidmnt cnlar
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4.3 Solar radiation amount calculation:

This part includes the calculation of the theaadtamount of the
solar radiation in Baghdad for the selected clestrday.

North
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South

Figure (4.3) Schematic diagram of the earth
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The total incident solar radiation on the tiltedfaoe is given by [12]:

-cG
H_ =1_0EUOexp ——
roe F{sin/lj (4.26)

Where:

| .= Solar constant1353W/ m* [1]

And tha aarth Adarantralizatinn ~rnaffiriant F icomivhyy
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N /NI 1 T I e\ ] I IS

G=1+rsinA

Where the values of (c) and (r) are given in appe(i).

The altitude angle of the sun can be found fronréthegion [12]:

sinA =sinysing + CoSy COS¢ COS& (4.23)

¢ =33.3For Baghdad city.
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The declination angle given by:

360(284+ n)] (4.24)

y =2345si
3652563

And the hour angle is given by:

a=[12-M|5 (4.25)
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Chapter four

Mathematical Calculation

4.1 Introduction:

In this chapter mathematical modeling and theoretical analysis of
the novel solar collector will be described by considering the thermal
factors affecting the system and the governing equations for the
mechanics of the system considering the boundary conditions for the
particular system and calculation the amount of solar radiation on the
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4.2.1 Assumptions:

To model the situation, a number of simplifying assumptions can
be made to lay the foundations without obscuring the basic physical
situation.

These assumptions are:

1- There is no absorption of solar energy by the cover.

2- There is one- dimensional heat flow through the cover.

3- There is a negligible temperature drop through the cover.

4- There is one- dimensional heat flow through back-insulation.

5- Temperature gradients around tubes can be neglected.
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6- Loss through front and back of the collector is to be at the same
ambient temperature.

7- Effect of dust and dirt on the collector is negligible.

4.2.2 The collector:

The novel solar collector is considered as a flat plate collector. The
heat transfer behavior of the collector is of transient type due to the
variation of weather conditions and load distribution. With previous
simplifying assumptions and steady approximation, the Hottel-Bliss-
Whillier [1] theory can be applied to calculate the fluid out let
temperature from the collector in which overall loss coefficient is
dependent on water inlet temperature. Thus the following simple relation
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Figure (4.1) Schematic diagram of the collector.
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The useful heat gain by the collector per unit length is given by:
9, =D[s-U,(T, -, (4.1
The net solar energy absorbed is calculated by the formula:
S = HR(za)

Where:
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U=U +U, +U, (4.2)

The top loss coefficient is calculated by the formula Ref. [1]:

N L]
t [(344/ T )T, -7,)/(N+F) +E} 4.3)
[ ot +1,)17 +1.) ]
+ J_ Iy,

e, +0.0425N(1—¢, )| +|2N + £ — 1),
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Where:

h,=87+3.8V

£ =(1.0-004n,7 + (55105, )+ (1+ 0.058N)

U, = M (Edge loss coefficient)

‘ X A, (4.4)

U, = £ (Back loss coefficient) (4.5)
X
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h,=300W/ m-.C" For lammar tlow. Ret. | 1]
k,b

C, =
T

Since there is no sheet associated with the tube, the term%, can be
b

taken as zero. Sub. In eq. (4.6)

q
So that eq\4.2) becomes T =T, + !
42 * T hymD, (4.7)
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By substitution eq. (4.7) in eq. (4.1)

QM
q, ZD{SUL[TﬁmTAH (4.8)
Vo,
q,= ) : *D[S_UL(Tf'_TA)]
+
(DUL hf,,.nDij
: 4.
Let the term — YU, —=F (4.9)
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Figure (4.2) Section of one tube
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By energy balance on the fluid flowing through a section of one

pipe as shown in Fig. 4.2.

—m.CT

Me Cpr ¥ P s

+Ayq, =0

y+Ay

Sub.eq. (4.10) in eq. (4.11)

m. Cp%f—F'D[S ~U,(T,-T1,)]=0

1rm

(4.11)
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g |7y (4.10)
T-T,— " L m.C, J
U,
R (T -7, —iJ*eXP St (4.14)
UL L m.C
P
_ me Cp (To _Zn) (4.15)
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Where Fy 1s the collector heat removal factor which is defined as
the ratio of actual useful energy gain of the collector to the useful
energy gain if the whole collector surface at the fluid inlet temperature.

m.C '

F,= El1—exp —D{:ULy Ref. [1] (4.16)
AU, m. Cp

From eq. (4.15)

Quseﬁd = Ac FR [S - UL (T:n - TA )] (4‘ 17)
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1 p.m = lf,m + gusefulﬂp—f kq-'ly)

1 (4.20)
R, =7
" h,m DnL

Where:

R,_,is heat transfer resistance between the plate and the fluid
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The Instantaneous Collector Efficiency:

It is defined as the rate at which incident solar energy is being
converted into thermal energy by the absorber unit and is given by:

T] — Quse_ﬂll — me Cp(];ut B 7:n) (4'21)
° H,A H_ A,

The daily collector efficiency:

T+ 10 tha tatal vranfisl Anavaxr cndn +a tha tatal snnidant canlasw
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4.3 Solar radiation amount calculation:

This part includes the calculation of the theoretical amount of the
solar radiation in Baghdad for the selected clear test day.

North
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-

South

Figure (4.3) Schematic diagram of the earth
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The total incident solar radiation on the tilted surface is given by [12]:

-cG
H_ =1_=FE=%*ex
T cs p(SIIl}\,j (4.26)
Where:
I_ = Solar constant=1353 W/ m* [1]

And the earth decentralization coefficient E is given by

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

G=1+rsink

Where the values of (c) and (r) are given in appendix (B).

The altitude angle of the sun can be found from the relation [12]:

sin A = siny sin¢ + cosy cos¢ cos® (4.23)

¢ =33.3"For Baghdad city.
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The declination angle given by:

=234 Ssin(360(284 + n)) (4.24)

365.2563

And the hour angle is given by:
co:\IZ—M\*IS (4.25)

Where:
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Chapter six

Conclusions and Recommendations

5.1 Conclusions:

The general mathematical analysis verified the pemature
histories and the performance of the novel solatewheating system
with good accuracy. Radiation /weather data, erpamntal results and hot
water withdrawn patterns as well as system conditijoms were used as
inputs to the governing equations to describe gfabior of the system.
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range of 6.5-27C compared with 5-I€ for the conventional
system Ref. [8].

3. The Iinstantaneous efficiency of the system improwvesh
operation under actual condition and it was foumdé greater
than that of the conventional flat plate collector¥he
instantaneous efficiency of the novel solar cotleetas found to
be in the range 0.8-0.85 compared with 0.21-0.36 tfee
conventional one (Ref.[8]).

4. The heat removal factor for the novel collector washe range
0.86-0.88 compared with 0.52-0.58 for the converaiaollector.
This may be one of the reasons for the higher mt@teous
efficiency.
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5. The study confirmed that the collector efficien@ctbr and the
collector heat removal factor could be taken asstonis for a

given collector design.

5.2 Recommendation for Future Work:

1. In order to get more accuracy of the mean platgpézature
between the experimental and the numerical espgcel
two-dimensional assumption is suitable.

2. To increase the information about the temperatofesate,
more thermocouple wire be inserted around and atbeg

tubes.
3. For low losses and decreasing of the overall heas |

e
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Chapter six

Conclusions and Recommendations

5.1 Conclusions:

The general mathematical analysis verified the temperature
histories and the performance of the novel solar water heating system
with good accuracy. Radiation /weather data, experimental results and hot
water withdrawn patterns as well as system configurations were used as
inputs to the governing equations to describe the behavior of the system.

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

range of 6.5-27 C compéred with 5-12°C for the conventional
system Ref. [8].

3. The instantaneous efficiency of the system improves with
operation under actual condition and it was found to be greater
than that of the conventional flat plate collectors. The
instantaneous efficiency of the novel solar collector was found to
be in the range 0.8-0.85 compared with 0.21-0.35 for the
conventional one (Ref.[8]).

4. The heat removal factor for the novel collector was in the range
0.86-0.88 compared with 0.52-0.58 for the conventional collector.
This may be one of the reasons for the higher instantaneous
efficiency.
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5. The study confirmed that the collector efficiency factor and the
collector heat removal factor could be taken as constants for a
given collector design.

5.2 Recommendation for Future Work:

1. In order to get more accuracy of the mean plate temperature
between the experimental and the numerical especially, a
two-dimensional assumption is suitable.

2. To increase the information about the temperatures of plate,
more thermocouple wire be inserted around and along the
tubes.

3. For low losses and decreasing of the overall heat loss
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5.2 Discussion:
Several performance tests were carried out andherpresent

discussion; the first four test runs will be disses here.

Figure (5-1a) to Figure (5-4a) show the variatainthe ambient

temperature with time, which is measured experialbnt

Figure (5-1b) to Figure (5-4b) show the solar aidn pattern and
the useful energy absorbed by the system, whictaisulated by eq.

(4.17). The behavior of the useful energy curvesnébis to follow
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aue 10 tne variauon Or solar INtensity ana nermmaa capacity. I1ne
increase of water temperature across the colleasrin the range of 6.5-
27°C.

Mean plate temperature variation with time is give Figure (5-
1d) to Figure (5-4d) and it was found to have gdadeviation between
the measured and the numerical temperatures, whibund from eq.
(4.19). This deviation is clearly noticed in Figuge3d) and Figure (5-
4d) due to least number of fixed thermocouples thigllead to weak of
temperatures history for different location of talkend the error of the
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thermocouple fixing and the error of temperaturesasaring and the

condition of the tests.

The measured and predicted instantaneous efficiehabout 80%
as can be seen in Figure (5-1e) to Figure (5-4i®uisd to be greater than
that for other conventional systems of about 35% [ The increase
of temperature difference across the collectortaedncrease of its heat
removal factor lead to higher daily efficiency. T@l(5.1) gives the
values of the experimental and predicted dailycedficies and the

percentage error between them.
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For eq. (4.15) the increase in temperature diffsgesicross the collector
gives higher values for the heat removal factoe higher values for heat
removal factor from the two equations can be tak®the reason for the

increase in both the daily and the instantanedusesfcy.

Equation (4.2) gives the values of the overallthess coefficient
of the collector and Figure (5-1g) to Figure (5-4ye the variation of
the overall heat loss coefficient with time andu¥e (5-1h) to Figure (5-
4h) gives the variation of the overall heat lossfioient with the mean

plate temperature. It was found that the overadltHess coefficient is
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increased with the increase in the mean plate teatyres as can be seen

from eq. (4.3).

Mean plate temperature for intermittent hot watghdrawal in
evaluated in test runs 5 and 6, Figures 5 and &g, using the
withdrawal pattern shown in Figure (5-5d) and Feg(B-6d) to represent
amore realistic case than continuous withdrawatah be seen that the
mean plate temperature and hence water tempeiagide tubes, could
reach up to about 60C at noon compared to 4@ for continuous

withdrawal.
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5.2 Discussion:
Several performance tests were carried out and for the present

discussion; the first four test runs will be discussed here.

Figure (5-1a) to Figure (5-4a) show the variation of the ambient

temperature with time, which is measured experimentally.

Figure (5-1b) to Figure (5-4b) show the solar radiation pattern and
the useful energy absorbed by the system, which is calculated by eq.

(4.17). The behavior of the useful energy curves found is to follow
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due to the variation ot solar intensity and the thermal capacity. lhe
increase of water temperature across the collector was in the range of 6.5-

27 °C.

Mean plate temperature variation with time is given in Figure (5-
1d) to Figure (5-4d) and it was found to have a large deviation between
the measured and the numerical temperatures, which is found from eq.
(4.19). This deviation is clearly noticed in Figure (5-3d) and Figure (5-
4d) due to least number of fixed thermocouples and this lead to weak of

temperatures history for different location of tubes and the error of the
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thermocouple fixing and the error of temperatures measuring and the

condition of the tests.

The measured and predicted instantaneous efficiency of about 80%
as can be seen in Figure (5-1¢) to Figure (5-4e) is found to be greater than
that for other conventional systems of about 35% Ref. [6]. The increase
of temperature difference across the collector and the increase of its heat
removal factor lead to higher daily efficiency. Table (5.1) gives the
values of the experimental and predicted daily efficiencies and the

percentage error between them.
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For eq. (4.15) the increase in temperature difference across the collector
gives higher values for the heat removal factor. The higher values for heat
removal factor from the two equations can be taken as the reason for the

increase in both the daily and the instantaneous efficiency.

Equation (4.2) gives the values of the overall heat loss coefficient
of the collector and Figure (5-1g) to Figure (5-4g) give the variation of
the overall heat loss coefficient with time and Figure (5-1h) to Figure (5-
4h) gives the variation of the overall heat loss coefficient with the mean

plate temperature. It was found that the overall heat loss coefficient is
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increased with the increase in the mean plate temperatures as can be seen

from eq. (4.3).

Mean plate temperature for intermittent hot water withdrawal in
evaluated in test runs 5 and 6, Figures 5 and Figures 6, using the
withdrawal pattern shown in Figure (5-5d) and Figure (5-6d) to represent
amore realistic case than continuous withdrawal. It can be seen that the
mean plate temperature and hence water temperature inside tubes, could
reach up to about 60 'C at noon compared to 40 'C for continuous

withdrawal.
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Chapter three

Construction and Experimental work of the novel solar

collector

In this chapter the properties of the novel salatector components

will be described with apparatus used in this itigasion.
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The components of the system are given below andhlaywn in Figure
(3-1).

3.1.1. Absorber/storage tank:
It is constructed entirely from six copper tubeshw® cm outside

diameter, 7.8 cm inside diameter, 150 cm long emwth 12cm center-to-

center distance. The copper tubes are welded &r-@aihnection pipes to
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form a series flow pattern. The tube is coated wrtifinary black paint with
absorbability of 0.98 Ref. [4] to increase the selaergy absorption rate.

3.1.2. Connecting pipes:
Inlet, outlet tubes and connections between tabesnade of copper
pipes with 15 mm outside diameter and 13 mm indideneter. This allows

for fast, leak free sweat filling plumbing connects.

3.1.3. Insulation:
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The bottom of the frame supported by aluminum [2atem thicknesses.

3.1.5. Glazing:

The collector is single glazed with (4 mm) glasskhess. The space

between glazing and tubes is 3 cm.

3.1.6. Glazing gaskets:
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Adhesive silicon rubber compressed by the glanags and case is

used to seal out the weather from the absorbestube

Glazing gaskets

l

Glazing

Absor ber/stor age tank
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Figure (3-1) Cross section of the constructed newgkdr collector
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Figure (3-2) The novel collector system photograph.
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3.2 Instrumentation:

The following instrumentation have been used ia fyistem

3.2.1. Temperature measur ements:

Copper-constantan thermocouple T-type were usethétemperature
measurements of system [5] which is distributedh& connecting pipes

between the main tubes, glass cover, inlet water @utlet water to the

AAllAaAtAr AAaAaAvAInA +A A AAvkATn AAanFiAaTirAt AN lnAairmn Tn FlAarireA D D
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Figure (3-3) thermocouple locations
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The thermocouples, which are numbered from 1 tocated on the top
the surface of the connection pipes between therbéstubes by sticking and
tightening them to the surface, assuming that teasured outlet temperature
form one tube is the inlet temperature to the foifeg one.

Thermocouple location 8f represents the thermocouple used for
measuring the temperature of the outer surface laksgcover and
thermocouples locations (1) and (7) used for méaguhe inlet and outlet
water temperature for the system.

All the above thermocouples were connected to itpgatithermometer

+thvAaiialh rmanilldi AlvAarimnAlA AAlAA+Ar AvrnidALL
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3.2.3. Thermocouple calibration:

For more accuracy of temperature measurement, raabh of
thermocouple wires was made with mercury thermonwdtaccuracy (1%) as
reference reading and plotted against thermocowipke reading as shown in
figure (3-4) below. The equation shown in figure2(3gives the correction of

the measured value by the thermometer.
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120
100 -

y =0.9812x + 2.7521

Mercury Thermometer()

0 20 40 60 80 100

Thermo meter reading (C
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LAt AR SRRl A

The procedure includes the measurement of temperafuthe tubes,
glass cover and the collector inlet and outlet al as the flow rate of the
with drawn hot water during the test run for a amrtload pattern after
cleaning the glass cover and checking the thernmeowhere the system
face is placed to ward the south and tilted from hlbrizontal plane at angle
of 45. The test run repeated for each pattern of load then the
performance and the efficiency of the system caddtermined.

Opening and closing the ball valve between the msderce and the

inlet to the collector control the flow rate of thater in the collector.
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Chapter three

Construction and Experimental work of the novel solar

collector

In this chapter the properties of the novel solar collector components

will be described with apparatus used in this investigation.
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The components of the system are given below and are shown in Figure

(3-1).
3.1.1. Absorber/storage tank:
It is constructed entirely from six copper tubes with 8§ cm outside

diameter, 7.8 cm inside diameter, 150 cm long each and 12cm center-to-

center distance. The copper tubes are welded to inter-connection pipes to
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form a series flow pattern. The tube is coated with ordinary black paint with

absorbability of 0.98 Ref. [4] to increase the solar energy absorption rate.
3.1.2. Connecting pipes:

Inlet, outlet tubes and connections between tubes are made of copper
pipes with 15 mm outside diameter and 13 mm inside diameter. This allows

for fast, leak free sweat filling plumbing connections.

3.1.3. Insulation:
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The bottom of the frame supported by aluminum plate 2 mm thicknesses.

3.1.5. Glazing:

The collector is single glazed with (4 mm) glass thickness. The space

between glazing and tubes is 3 cm.

3.1.6. Glazing gaskets:
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Adhesive silicon rubber compressed by the glazing caps and case is

used to seal out the weather from the absorber tubes.

Glazing gaskets

!

Glazing

Absorber/storage tank
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Figure (3-1) Cross section of the constructed novel solar collector
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Figure (3-2) The novel collector system photograph.

11
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3.2 Instrumentation:

The following instrumentation have been used in this system

3.2.1. Temperature measurements:

Copper-constantan thermocouple T-type were used for the temperature
measurements of system [5] which is distributed at the connecting pipes

between the main tubes, glass cover, inlet water and outlet water to the

- 4 At 4 . 4t Lt 4t L DD
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The thermocouples, which are numbered from 1 to 7, located on the top
the surface of the connection pipes between the absorber tubes by sticking and
tightening them to the surface, assuming that the measured outlet temperature
form one tube is the inlet temperature to the following one.

Thermocouple location (8) represents the thermocouple used for
measuring the temperature of the outer surface of glass cover and
thermocouples locations (1) and (7) used for measuring the inlet and outlet
water temperature for the system.

All the above thermocouples were connected to the digital thermometer

P PSR PO A PR [P R R I

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

3.2.3. Thermocouple calibration:

For more accuracy of temperature measurement, calibration of
thermocouple wires was made with mercury thermometer of accuracy (1%) as
reference reading and plotted against thermocouple wire reading as shown in
figure (3-4) below. The equation shown in figure (3-2) gives the correction of

the measured value by the thermometer.

13
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The procedure includes the measurement of temperature of the tubes,
glass cover and the collector inlet and outlet as well as the flow rate of the
with drawn hot water during the test run for a certain load pattern after
cleaning the glass cover and checking the thermocouple where the system
face is placed to ward the south and tilted from the horizontal plane at angle
of 45". The test run repeated for each pattern of load, and then the
performance and the efficiency of the system can be determined.

Opening and closing the ball valve between the water source and the

inlet to the collector control the flow rate of the water in the collector.

14
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Chapter one

INTRODUCTION

1.1 General:
The sun provides an everlasting source of solaiggn®&Vithout optical
concentration the amount of solar radiation reaghhre top of the earth’s

atmosphere per square meter normal to the solan i&nown as the solar
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resources and the problems of importing and extigdtiel. The engineering
design and analysis of solar processes presentqaeuproblem, due to the
intermitted and diffuse nature of the resources taredhigh inlet cost of the
process.

This type of energy considers the thermal procegseshich solar
radiation is absorbed by a surface (normally blsiface) and converted into
a heat, then this heat is stored and/or used hinectvide applications range
from small single collector system to quite sopba&td solar farms for

power generation.
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The solar collector is the essential item of equptthat transforms
solar radiant energy from a distance source ofardadenergy (the sun) to
some other useful energy form. One of the solarggnapplications is water
heating by using of a classic solar collector whaidifiers in several respects
from more conventional heat exchangers becausehefheat exchanger
usually accomplished a fluid -to-fluid exchangehahigh heat transfer rate.

The conventional solar water heating system ctssis mainly three
parts, which are, one or two flat plate colleciesvers the heat derived from
solar radiation to the water which stored in theraje tank where the

connection pipes provide water flow between theragte tank and the
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However as with all solar water heaters, the tat@ount of solar
contribution to the system depends upon the ho¢meainsumption pattern of
the household, daily weather conditions, and végiamounts of sun light
throughout the year.

In this work heating water is by using a novel sa@lallector system or
the “progressive passive solar water heater”. & iself-contained unit that
acts as a solar collector and storage tank, integranto one piece of
equipment as shown in figure 3.1 therefore theetiffice between the later
and the conventional system is simplicity of stuwetbecause of no split

collector, storage tank, connections pipes andlsaneh need for installation.
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The system is considered a passive system becabhas no moving
parts and operates on local water pressure and rsaletion. There are no
pumps, controls and no electrical energy is requioemake it function. Once

installed, the system will operate automatically.

Objectives of thework:

The objective of this work is to construction a ebgolar water heating
system, evaluation the system performance undexbtarload conditions

and makes a comparison between the performande afdaw system and
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Chapter one

INTRODUCTION

1.1 General:
The sun provides an everlasting source of solar energy. Without optical
concentration the amount of solar radiation reaching the top of the earth’s

atmosphere per square meter normal to the solar beam is known as the solar
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resources and the problems of importing and extracting fuel. The engineering
design and analysis of solar processes present a unique problem, due to the
intermitted and diffuse nature of the resources and the high inlet cost of the
process.

This type of energy considers the thermal processes in which solar
radiation is absorbed by a surface (normally black surface) and converted into
a heat, then this heat is stored and/or used directly in wide applications range
from small single collector system to quite sophisticated solar farms for

power generation.
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The solar collector is the essential item of equipment that transforms
solar radiant energy from a distance source of radiant energy (the sun) to
some other useful energy form. One of the solar energy applications is water
heating by using of a classic solar collector which differs in several respects
from more conventional heat exchangers because of the heat exchanger
usually accomplished a fluid -to-fluid exchange with high heat transfer rate.

The conventional solar water heating system consists of mainly three
parts, which are, one or two flat plate collectors delivers the heat derived from
solar radiation to the water which stored in the storage tank where the

connection pipes provide water flow between the storage tank and the
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However as with all solar water heaters, the total amount of solar
contribution to the system depends upon the hot water consumption pattern of
the household, daily weather conditions, and variable amounts of sun light
throughout the year.

In this work heating water is by using a novel solar collector system or
the “progressive passive solar water heater”. It is a self-contained unit that
acts as a solar collector and storage tank, integrated into one piece of
equipment as shown in figure 3.1 therefore the difference between the later
and the conventional system is simplicity of structure because of no split

collector, storage tank, connections pipes and small area need for installation.
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The system is considered a passive system because it has no moving
parts and operates on local water pressure and solar radiation. There are no
pumps, controls and no electrical energy is required to make it function. Once

installed, the system will operate automatically.

1.2 Objectives of the work:

The objective of this work is to construction a novel solar water heating
system, evaluation the system performance under variable load conditions

and makes a comparison between the performance of the new system and
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Chapter two

LITERATURE SURVEY

No publications were found which deals with thystem, as it is a
novel solar collector, also there are no refereteading with the system as a
self-storage collector with natural circulated wateough the system. Some

papers, which deal with studies concerning thefdlate collector, which is
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processes within the collector and environmentadifg functions, also the
collector performance parameter are based on @fdageration rather than

the often misleading “high noon” instantaneous grenfince.

LIN [7] proved that the using of the extended saef for increasing
the over all heat transfer coefficient is not apgiile to the sheet and tube
type of the solar absorber because of the availadd transfer surface of a
sheet and tube solar absorber is not effectivedyl s® for utilization of the
total available heat transfer surface, three recentted geometric

configuration examples Ref. [4] of the flat solasarber are proposed. Also
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in order to minimize the heat loss, the top surfata flat solar absorber
should be flat.

COOPER AND LACCY [8] described a method of perfonoa
testing and rating of solar water heating systefims method considered
the completed system rather than the individual pmmments with the
dimensions and rating factors .The comparison o #xperimental
performance of a reference system and a test systemw a linear
relationship between the auxiliary electricity usky each system .To

minimize the uncertainties resulting from experita¢errors and thermostat
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of solar energy for domestic hot water supply isfaédraq, for cases of load
and no load conditions and for intermittent and tomous load. It was
found that the temperature distribution for waterthe tank and collector
can be assumed linear, the radiation of the thgghws system and the
temperature difference across the collector follitng variation of solar
radiation intensity and last of the overall bulki@éncy of the system
improved when the system was operated under adoadition with the

improvement being better with increased loading.
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MORRISON AND BRAUN [10] developed a numerical sim@atibn
model to study the characteristics of vertical andzontal storage tanks of
thermosyphon systems .The results indicated tlgathtermosyphon system
have an optimum performance when daily collectotume flow is

approximately equal to the daily load volume.

FANNY AND KLEIN [11] conducted an analytical and mrimental
investigation to show how the yearly performancdas€ed circulation in
SDHW (solar domestic hot water) systems can beamddavrith a minimum
of two indoor tests in accordance with ASHRAE skmred 95-1981 also the
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MULLICK AND SAMDARSH [12] presented good approach t
evaluate the top heat loss factor of a flat platector with a single glass
cover by applying the heat loss factor equatiothéanalytical form instead
of the semi-empirical form. The glass cover tempee is, however,
estimated by an empirical relation. The valueshaf top heat loss factor
calculated by this simple technique are within &pet (maximum error) of
those obtained by iterative solution of the hedae@e equations and found
an improved of accuracy by factor greater than @iver the semi empirical

equations when the range of variables isG@o 150 C in absorber plate
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temperature, 0.1 t00.95 in absorber coating enttamd 5 W/rh 'C to 45
W/m?.'C in wind heat transfer coefficient. The effect \afriation in air
properties with temperature has been taken ind¢olad.

RICHARD AND BANNEROT [13] examined the issue of the
evaluation of the average storage temperature.i3$ug was not completely
resolved and was shown to be strongly dependertherlocation of the
measurements. Two examples are presented that deaterthe usefulness
of knowing the average storage temperature .Thengbes also give a

guantitative demonstration of the effect of withdeh flow rate on the
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temperature distribution along the fin betweenaheorber tubes and in the
flow direction and the thermosphonic mass flow tayeusing this data the
main parameters of the solar collector were obthiG@®mpression between
the experimental and theoretical temperature digion in the flow
direction of the absorber is presented. The inatedus collector efficiency
is found to be 0.21-0.35, mass flow rate agreed whiat given in the
literature for natural circulation and average togat loss about of 7.2
W/m?'C It was confirmed that the collector efficiencyctiar and the

collector heat removal factor could be taken caridtar a given design.
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Chapter two

LITERATURE SURVEY

No publications were found which deals with this system, as it is a
novel solar collector, also there are no reference dealing with the system as a
self-storage collector with natural circulated water through the system. Some

papers, which deal with studies concerning the flat plate collector, which is
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processes within the collector and environmental forcing functions, also the
collector performance parameter are based on a day of operation rather than

the often misleading “high noon” instantaneous performance.

LIN [7] proved that the using of the extended surface for increasing
the over all heat transfer coefficient is not applicable to the sheet and tube
type of the solar absorber because of the available heat transfer surface of a
sheet and tube solar absorber is not effectively used so for utilization of the
total available heat transfer surface, three recommended geometric

configuration examples Ref. [4] of the flat solar absorber are proposed. Also
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in order to minimize the heat loss, the top surface of a flat solar absorber

should be flat.

COOPER AND LACCY [8] described a method of performance
testing and rating of solar water heating systems. This method considered
the completed system rather than the individual components with the
dimensions and rating factors .The comparison of the experimental
performance of a reference system and a test system show a linear
relationship between the auxiliary electricity used by each system .To

minimize the uncertainties resulting from experimental errors and thermostat
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of solar energy for domestic hot water supply in Basra/Iraq, for cases of load
and no load conditions and for intermittent and continuous load. It was
found that the temperature distribution for water in the tank and collector
can be assumed linear, the radiation of the thermosphone system and the
temperature difference across the collector follow the variation of solar
radiation intensity and last of the overall bulk efficiency of the system
improved when the system was operated under a load condition with the

improvement being better with increased loading.
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MORRISON AND BRAUN [10] developed a numerical simulation
model to study the characteristics of vertical and horizontal storage tanks of
thermosyphon systems .The results indicated that the thermosyphon system
have an optimum performance when daily collector volume flow is

approximately equal to the daily load volume.

FANNY AND KLEIN [11] conducted an analytical and experimental
investigation to show how the yearly performance of forced circulation in
SDHW (solar domestic hot water) systems can be obtained with a minimum

of two indoor tests in accordance with ASHRAE slandered 95-1981 also the
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MULLICK AND SAMDARSH [12] presented good approach to
evaluate the top heat loss factor of a flat plate collector with a single glass
cover by applying the heat loss factor equation in the analytical form instead
of the semi-empirical form. The glass cover temperature is, however,
estimated by an empirical relation. The values of the top heat loss factor
calculated by this simple technique are within 3 percent (maximum error) of
those obtained by iterative solution of the heat balance equations and found
an improved of accuracy by factor greater than five over the semi empirical

equations when the range of variables is 50 'C to 150 'C in absorber plate
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temperature, 0.1 t00.95 in absorber coating emitance and 5 W/m®. 'C to 45
W/m®."C in wind heat transfer coefficient. The effect of variation in air

properties with temperature has been taken in to account.

RICHARD AND BANNEROT [13] examined the issue of the
evaluation of the average storage temperature. This issue was not completely
resolved and was shown to be strongly dependent on the location of the
measurements. Two examples are presented that demonstrate the usefulness
of knowing the average storage temperature .The examples also give a

quantitative demonstration of the effect of withdrawal flow rate on the
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temperature distribution along the fin between the absorber tubes and in the
flow direction and the thermosphonic mass flow rate by using this data the
main parameters of the solar collector were obtained. Compression between
the experimental and theoretical temperature distribution in the flow
direction of the absorber is presented. The instantaneous collector efficiency
is found to be 0.21-0.35, mass flow rate agreed with that given in the
literature for natural circulation and average top heat loss about of 7.2
W/m*.'C It was confirmed that the collector efficiency factor and the

collector heat removal factor could be taken constant for a given design.
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NOMENCLATURE

1-Simple Variables:

Symbol Definition Units
A. Collector Surface Area m
Cp | Specific Heat J/kgC
C, Bond conductance W/ncC

- Atmncnharie avtinetinn raafficiant ]
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H Total solar Radiation on Horizontal Surface W/m
H+ Total solar Radiation on Tilted Surface W/m
h; Inside Heat Transfer Coefficient in tube Wi, C
hy, | Wind Heat Transfer Coefficient W/mC
k Thermal Conductivity wW/mC
L Total length of tubes m
I Length of the side insulation m
M. Collector Mass flow rate kg/s
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N Number of Collector Covers -

n Number of tubes -
Ou Useful heat gain of the collector W/m
Qeu | Total useful energy gain of the collector W

Ratio of Total Radiation on Tilted plan to that pn
horizontal plan of measurement

Rp- Heat transfer resistance between plate and flyid ‘C/IW

S Net solar energy absorbed W/me

T Temperature C
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W, Width of the side insulation m

X Thickness of insulation m

Vi
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2-Greek Symbols:

Symbol Definition Units
6 Slop of Collector Degree
¢ Latitude angle Degree
y Declination angle Degree
@ Hour angle Degree
A Sun solar altitude angle Degree
0 Thickness of the pipe m
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3-Subscripts:

Symbol Definition
A Ambient
av Average
b Back
c Collector
e Edge
Exp Experimental
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NOMENCLATURE

1-Simple Variables:

Symbol Definition Units
A, Collector Surface Area m?
Cp Specific Heat J/kg. C
Cy Bond conductance W/m. C

. Atmaocnheric axtinetion eoafficient )
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H Total solar Radiation on Horizontal Surface W/m®
Ht Total solar Radiation on Tilted Surface W/m?
hg Inside Heat Transfer Coefficient in tube W/, C
hy, Wind Heat Transfer Coefficient W/m?. C
k Thermal Conductivity W/m. C
L Total length of tubes m

1 Length of the side insulation m

m. Collector Mass flow rate kg/s
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N Number of Collector Covers -

n Number of tubes -
Qu Useful heat gain of the collector W/m
Q.. | Total useful energy gain of the collector w
R Rat.io of Total Radiation on Tilted plan to that on i
horizontal plan of measurement
R, ¢ Heat transfer resistance between plate and fluid ‘C/W
S Net solar energy absorbed W/m?
T Temperature C
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W Width of the side insulation m

X Thickness of insulation m
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2-Greek Symbols:

Symbol Definition Units
0 Slop of Collector Degree
¢ Latitude angle Degree
Y Declination angle Degree
) Hour angle Degree
A Sun solar altitude angle Degree
5 Thickness of the pipe m
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3-Subscripts:

Symbol Definition
A Ambient
av Average
b Back
C Collector
e Edge
Exp Experimental
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