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m Abstract

The solar PV modules framework has been executed into the sun oriented
heat vitality utilization framework, yielding made strides sun oriented vitality use
effectiveness. The two key objectives of the solar framework plan utilizing heat pipe
cooling advances were the heat stream of the PV module and the exchange execution
heating. Heat units (e-NTU) approach will be utilized with regard to mechanical
analysis and computation of the particular thermoelectric heat pipe efficiency. As
the emerged coolant degree and plate degree, the heat and electrical yield of the unit,
and the researches illustrates that the whole of distinction within the electrical and
heat productivity of the framework is 6.99 percent, 7.46 percent, and 63.2 percent,
respectively This article gives a promising approach to considering the proficiency
of heat exchange utilizing heat pipes, which can be utilized to degree and treat the
impact of factors influencing the system>s success.
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palol

Al IM3 (e 85909 568 Apenadadl BBLIL i g3 (ol HUL Y el LaS Gl yull dslis
saeiical| Radaill 3L alaics] Bdlad a0 Iy (60 Laar renadidl aladll (e 3Ll 3y yond ] E3UAYI
IS LIS &)yl b1 gy alaimianly Jasdl U] Aasd lecd Il plaagll oo Guaddl cya

- A g pesdl B sl o))yl L)

- Aaball dpantly el
3:LiS by SIS Julill s (8-NTU) Leos Sl ayladl sl 23500 alazial @
ol L uu @iy Al Aoy 1 B a9 aceieall 3yl Byl Ladds uylys 551 gV
19 HUaI )l ondly 30k Sl 2 W1 2 satll e ] 0T Al yudl jglad oo das sl Abiyesdly

eyl e 763.2... £ T.46 ...7.6.99

OSas Gilly ¢ Ayt gl alazialy ! Jaladl 3l 2SIl Maie las Al yull
aglaill Al Lo e 555 G Jalgall 530 Andlany yaaid Lgalaimin

Lyl By allad ¢ ()l 95680 Jamil (Sgim g peSIl allatll sdaliall  LelS)

* Assistant Professor Department of Mathematic Faculty of Education University of Tripoli

46
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Introduction

Solar PV technology, with the increasing importance of renewable
energy and non-renewable energy concerns, has gained great importance for
power generation 2. Part of the photovoltaic energy that only matches the
bandwidth can be converted into electric power by solar PV power generation
techniques, but nonetheless, most thermal energy is wasted in the form of
heat. Current solar cells in particular have a conversion efficiency of less than
20%, and cannot increase to 80% of photovoltaic energy to reusable energy,
so there will make a significant waste of heat resulting from sunlight and
on the other hand, the heat that is not used would cause the cell temperature
to increase. If the temperature of the cell increases, its conversion potential
decreases from 3 to 6%. 4. Since Ken and Russell ! first proposed the
concept of an integrated solar photovoltaic power generation system in 1978,
researchers attempted to develop cooling systems in all types of cells [¢9],
and found that most cooling systems relied on forced convection cooling
and natural convection cooling and found that forced cooling using water
and air was the most efficient among all systems "4, And native science
researchers have studied solar PV technology !>'"!. It had been found that
when a coolant is utilized, benefit warmth from the photo voltaic panel is going
to be absorbed since it flows inside, which within turn will certainly bring
about the decrease within the heat. The main reason for this is the isothermal
flux denseness of photo voltaic radiation, the particular photovoltaic heating
system mechanism, the particular heat circulation inside entire body, and the
particular uneven submission from the coolant. (There are three types of heat
transfer: conduction, radiation and convection) The specific temp degree of
the photovoltaic panels must not be uniform and also, At this point, the
temperature of the sunlight oriented PHOTOVOLTAIC modules should do
not have to get uniform, And the working temperature of the plate should
take the same path of the liquid flow and when these conditions do not exist
then The cooling is asymmetric and, in some instances, “hotspots”, which
results in a reduction in performance of PV plate conversion, at the same time
with the irregularity of the photo voltaic PV system, caused by the working
temperature of the plate , makes it hard to change the working temperature
With regard to solar PHOTOVOLTAIC .et al. ''¥!

System parameters

When sunlight strikes the photovoltaics’™ glass cover, it enters the closed
space formed by the glass cover and the glass side seal of the panel, where it
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is absorbed by the parts of the solar cells and converted into electrical energy,
then photo voltaic panels warm up, and section of the temperature will be lost
via radiation plus convection. The particular heat-conducting components with
outstanding thermal conductivity are transferred to the particular cell walls within
the evaporation sector till it gets to the threaded heating pipe; then your operating
fluid will be absorbed in to the heating pipe and subsequently evaporated, then
your evaporated water flows in to the heat tube in the particular condensation
field from the wick. With this field, the ! €12 1y,

heating system tube operating fluid will BB E

be released in to the coolant outside the 5=

particular condensing field tube, then ” HEeEe =
condenses into the liquid operating fluid. o
Whenever the machines are fully willing, " ' @ O s
the capillary suction actions and the SIGRORS P
particular gravitational movement from a— ,, ,, O — 4
the water working liquid should go back NN
again to the particular evaporation section @

of the oil wick heating tube through the Sun radiation

particular tube in order to the adiabatic
sector, after that absorb heat and escape
again; Throughout chilling from the
coolant, the particular liquid inlet nozzle
enters the coolant inlet after which gets Figure 1 Sketch of hybrid thermal
in to the coolant channel in to the coolant  "e#rated Photovoltaic

1—Selar phetovaltaie module, 2—Solar photovoltaie panel,

; 3 Heat conducting material, 4 Heat pipe with wick, 5—

route, then the cool from the w1c?k heat T it o KON b i P Rad i
tube through the heat trade with the §—Glas: side seal, 7—Glass cover, § —Insulation material
K X . . for the heat pipe msulation saction of the wick, 3%—coohng
convection with the moisture build-up or fuid eutlet pipe, 10—cscling finid outlst header, 11—adial
. . . fin, 12—coolmz fluid channel, 13—coolmz fhud inlst
condensation sector in the wick heat tube. headsr, 14—coolng fluid nports take over.

Theoretical analysis:

Related assumptions

(N number of rows of the battery or number of heat pipes under the cell
board,Acell S surface area of the cell, apanel thickness, S solar input radiation
absorbed by the solar panel,gy absorption rate of solar input radiation on the
panel surface, W the center distance between the two heat pipes, D the outer
diameter of the heat pipe,L, length of the evaporation section of the heat pipe,
L, length of the condensation section of the heat pipe)

Since theheatpipe is welded to the battery plate the connection areabetween the
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b

Figure 2 Explanation model for the system

heat pipe and the battery boardisevenly dividedint By, A, — Bo& A3 — Bs, ..., Ay — By
, their temperatures are Tyy, Tpa,Tpzs ... Ipy  Tespectively
the temperature distribution of each battery column is uniform, named
Teen1,T oy, 20 Teetts,r --» T ooy . Since the battery is well attached to the cell
plate, it can be considered as Teeitr ® To1, T3 ® Toas Tees ® Tozo s Ty © Tow
When analyzing the temp distribution of the plate between the two heat tubes,
ignoring the thermal gradient of the plate, and also assuming that the thickness
of the cell plate is thin, and does not take into account the temp gradient in the
direction of the thickness of the cell plate nor with the axial direction of the
heat tube, you can position the plate as B -A | ,B-A,,B,-A.... B -A . as Fig(1).
The heat transfer problem is regarded as a typical “fin problem”. This article

considers the case of a glass cover with glass of region = A .

— — — =

:Irli II|H |-|r:_|j :lrllh,."l.'- 1] :lr.ll.". 5] :lr.ll."l. 1] :Illr;_ll'l,
e i |

Figure 3 variation of temp of the coolant in the condensing section.
Bo-Al region
The B -A, region of the board is thought in as a one-dimension thermal
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conductive with (W-D)/2 width fin. Take the solar panel micro-element
body with a width of dx as showing in Fig.4. As the object, after analyzing,
the heat transformation direction is being consistent with the coordination
direction: Q_is the heat being imported to the micro-element body; Q _ the

heat exportation from the micro-element body; Q__ is the sum of the external
flow heat amount appling to this body that is measure as follows!'*!:

nee = S — UL(T —To) (M
Where U, = the losing heat coefficient, S is the solar panel absorption, T
is the temperature and T, is the inlet ambient temperature.

UWW >

Figure 4 Element control volume of solar cell plate

The thermal conductivity differential eqn of the solar panel is obtained
from the energy conservation of the micro-element body !"*!:

d?t  S-Up(T-T,) 0 2)

dx? QA8

Where A is the thermal conductivity.

The general solution of theeqn T :CO’1 exp (mx)+C0!2 exp(-mx)+(S /U, +T ) (3)

Where m = [U,/ (Ad)]* and C
determined by the following boundary conditions:

dt/dx|y=0 = 0,T|x=(w-p);2 = |Tp1 (4)

Then the temp distribution of the solar panel along the x direction is

o ,CO,2 are the integral constants , which

obtained as
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_ chimx) s s
— ) [Tbl — ((U—L) + Ts)] + o+ Ta )
The flow of heat presented at A, is
Qar = —ASL. ST | o= THL.FIS —Up(Tps — TD1 (6
2
where H=W-D.

The F is the efficiency of fin that can be giren by F = [th (m_H)] / mH
2 2

Merging the general solution eqn. (3), with the heat flow introduced on

node B, could be attained as
Qsr = —A6L. - lwmo = —ASmL, (Tyy = 2C12 — 5~ = Ta) (7)
The heat flux derived at node A, is
Qa2 = —,151,8% lx=w-p = —AdmL,[C, ,exp(mH) — C, ;exp(—mH)] (8)
The first cell of the solar radiant heat obtained in the region A -B, of the

solar panel is
Qa1p1 = DL [S— U (Tp; — T,)] 9)

the first heat pipe is Q) = GC,(Tp; — T) (10)
Where Cp is the specific heat, G is the flow mass of cooling fluid, TT is
the cooling fluid inlet temp, Ty1 is the temp. of the cooling fluid after passing

the condensation sector of the first pipe.

First column electric energy converted by cell '):

Eu:ell: 1= ncell .l‘qce].l.ls = Ace]l .l‘rﬂ(rajnref [1 - ET(TEEH: 1 Tref )] (11)
In the above formula: ACG]Ll is the surface region of the cell; Nears is the
efficiency of the photovoltaic cell; 1 . is the efficiency of the photovoltaic cell
at the reference temp; T, is the cell temp and Tr; is the reference temp. Taking
the A -B, region of the first cell as the research object, according to the energy

balance "I:

|Qasl+ Qaszy + 1011 = Qpy + Ecenry get: (1/2)HLF[S — Uy (T, — T)] + (12)
DL,[S — Uy (Ty; — T.)] + A8mL,(T,y = 2C,, = /U, = T,) = GC, (T, — T) +

A ,151?1-,# [l —Br (T.:.;H. 1 Tref )]
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The analysis of A -B_region of the cell

For the A -B_area of the cell in the nth (=2, 3, 4,..., N-1) column, the
transfer process of heat of each area is the same. The analysis is the same as
mentioned in A -B area, and the same result is obtained !"”):

A86mL(Tyn — 2Coy — S/UL —T,) + DL [S — U (Ty,, — T)] = GC,(Typ, — (13)
Totn—1y) + ASML,[C,_; sexp(mH) — C,_; ;exp(—mH)] + Ay ,,Sthpes[1 —
JGT(Tce]l no Tref)]

Where:
Chorn = Tb{n—l] - C{n—l].z - (SfUL + Ta].

[TIJ -:n;}_(uiL‘FTGJ]BXP{mH] B [Tan—(uiL+Ta J]

2sh{mH) 2sh (mH) 5

Ch12=
C .= [Tyn—(5/Up +Tg)lexp(mH) . [T.!J(n+1}_':5."rUL+Ta]]

n.2 2sh(mH) 25h (mH) ;

n0(2,345,....N-1); T

is the temp of the cell plate A -B ; T, is the temp in the region A  -B  of

ba-l) is the temp of the cell plate A _-B_ region; T,

the cell panel; T is the inlet temp before the cooling fluid flows through

0(n-1)
the condensation sector of the nth heat pipe; T, is the cooling fluid flows

through the condensation sector of the nth heat pipe After the outlet temp.
The A-B region of the cell in column N (n=N)
B, ,-A, region to the left of the A -B  region of the N™ heat pipe. According

to the above method, the heat flow Q,  derived at node A can be obtained,;
The B-A, region on the right side of the A -B (W-D)/2, where the right
side of the cell plate is insulated, and the general solution is combined at this

time (3) Calculate the heat Q, introduced at the node B as '’

dT
Qsn = _'15'595 lx=0 = _Aﬁm’[‘e(cﬁ.l - CN.E) (14)
The region A -B vitality balance eqn of the N* cell is
|Qsn| + Qansy = |Qan| + Qupy + Ecantn (15)

Among them, the useful heat thN absorbed by the cooling fluid after
passing through the condensation sector of the N heat pipe is

Qrpy = GCp(TDN - TD{N—l])thN = GCp(TDN - TD{N—l]) (16)
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Therefore, eqn (15) can be further rewritten as

A6mL,(2Cy, — Toy + S/U, +T,) + DL[S— U (T — T =GC(Ton —  (17)
Toov-1y) + A8mL [Cy_y sexp(mH) — Cy_, ;exp(—mH) |+ A_,,, nSTof [1 -

JBT (Tceﬂ N Tref )]

The relationship between T, and T, for the first pipe

The heat transfer efficiency for the first heat pipe € and the number of heat

transfer units NTU can be defined as:

{ £, =1 — exp(—Npye,) (18)
NTUCI = (AGIUC.UI)!(GCF)

Where U, 4, is the transfer coefficient of condensing sector heat and
the cooling fluid, that can be calculated using the heat transfer correlation
formula Nu = 0.26Re®®Pr/3 of the condensing sector across the
heat pipe "' ,A_ = heat pipe condensation. The coolant range is transferred
from e, = (Ty; —=T;)/(T.o1 — T;)jin T.,, The temperature at which the
condensation sector of the pipe operates in order to provide permeability for
the same temperature as the heat pipe, The high thermal coefficient of the heat
pipe’s inner phase transition, and the close contact between the heat pipe and
the cell plate and filled with materials with outstanding thermal conductivity,

it can mostly be calculated as T, 5, & T}, then
Toy = T, + [1 — exp(—Nrye )] Ty — T) (19)
For the nth (n=2, 3, 4... N) Heat pipe, there are
Ton = Tom-u + [1-— Expl:_NTUcn)](Tbn - Tﬂ{n—l]) (20)
And since Agp = Aco1,Uc01 = UconAen = Aco1Uc01 = Ucons

therefore:

E,=E,=§3=§E,=--=§E,=E¢

Then:

Tor =T+ &(Tp; —T;) = €Ty + (1 — )T, (21)
Ty = €Ty + (1 — £)eTy,, + (1 — 2)°T, (22)
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Ton =T(1—)"+ (1 —&)" 1Ty, + (1 — )" 2 (23)
Ty +-+ (1 —&)eTy1) + €Ty, (24)
Where ne (2, 3,4... N).

Obviously,accordingtotheabove Ty, and Ty, itcanbeseenfromtherelationship
betweentheeqns(12),(13)and(17)thatthereareexactly Nunknownsinthe Neqns,
and the closed solution of the eqns can be obtained, that is, the solar panel region
of Al — B1 Thetempof 4; — B;,A, —B,. A;—B;,...,Ay — By
and Tpys Tpa,Tpgs --a Tpy orthe temp of the cooling fluid after passing
through the condensation sector of each heat pipe are To1+« Toz« Ipa o Ton
To1+ Toz Toa e Ty, which can then be The thermal efficiency of the
PV-T system is obtained as

ne = [GCo (Ton — T]/UoAcor) (25)
Where A,y =NWL, A.,;=NWL,. Since the
battery is well attached to the cell plate, it can be considered as
TES”l R Tbl'TCEHE R TbZFTCSHE R TbE- ...,Tcg”n R TbN .Finally, the
electrical efficiency of the system can be calculated is
. = Eihfrzl Ecelln _ Ei"{rzl Neell,nSAcelln (26)
Iy Acan IgAcan

Result analysis and conclusion

Figure 5 depicts a summary of the calculated outcomes and the experimental
results in the literature [21] The graph shows that with 14 heat pipes and a
water flow mass G = 0.0458 kg / s. Since the experimental values of the
structural parameters of the solar thermal collector such as solar radiation,
ambient temperature, inlet water temperature and water mass flow completely
agree with the experimental conditions in the literature [21], the heat loss
coefficient between the collector and the environment is UL = 8.6 W / (m2
K) 221 the structural parameters of the photovoltaic system are: The material
used is copper and the total length is 0.92 m, the length of the evaporation
sector is L =0.75m, and the condensation sector is L =0.1 m, heat pipe outer
diameter D=0.108m; pipe spacing W=0.135m; glass cover plate is 0.76 mx1.9
mx0.004 m; cell plate material is copper, length is 1.89 m, width is 0.75 m,
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cell plate coating Assuming it is an anodic aluminum oxide spectral selective
absorption coating, the absorption rate is a=0.94, the transmittance of the glass
cover 1s T=0.9, The condensation part of the heat pipe is implanted into the
cooling fluid drain. The channel length is 1.9m, and the channel sector height
1s 0.1 m, the width is 0.255 m, The cooling fluid traverses the condensation
sector of each heat pipe in line; the number of heat pipes is N=14, and the
cooling fluid is water. The number of cell rows is 14, and the coefficient of
loss in heat between the cell board and environment is UL=8.6 W/ (m? K)
221 Take cell parameters 1 _=0.12, . temperature coefficient of uoc =0.0045
°C, T, the reference temp =25°C.Fig. 6 shows the change of cell temp with
the number of cell rows at different times. It can be seen from Fig. 6 that the
cell temp increases as the number of cell rows increases. Under the same T,
inlet water temp =37 °C , the cell temp is highest at 11 o’clock and lowest at
15 o’clock, which is consistent with the time when the outlet water temp of
Fig. 6 reaches the highest and lowest. In addition, at different moments, the
cell temp changes in the range that does not exceed 2.5°C, signifying that the
cell’s temperature has become more uniform as a result of the heat pipe’s use
to cool it.

Fig. 7 shows the calculation results of the electrical efficiency (solid line)
and thermal efficiency (dashed line) of the PV-T system at different inlet
water temps .The results revealed that as the inlet water temp increased, the
PV-T system’s electrical and thermal performance decreased. (Keep in mind
that this is thus keeping the same level of solar radiation and atmospheric
temp.). Under different inlet temps, the range of electrical efficiency changes
at different moments are: 7.19%~7.46%:; 7.09%~7.36%:; 6.99%~7.25%. This
is because as the inlet water temp increases, the cell temp also increases, and
the photovoltaic power conversion efficiency of the cell decreases. Similarly,
the thermal efficiency changes at different inlet temps are 59.1%~63.2%,
56.1%~59.2%, 51.0%~55.3%. The reason for this phenomenon is that as
the inlet water temperature rises, so does the PV-T system’s outlet water
temperature, but at a slower rate than the inlet water temperature rise.
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