1.18 Conssder the photovolaic solar panel of Exampde 3.3,
The heat transfer coefficient should mo longer be taken
I be a specibed valuve.

{3} Dvtermune the silicon temperatare and the electnc
power produced by the solar cell for an air velocity
of 4 m's paralled to the longe deection, with air and
sarroundings emperatares of 30°C. The boundary
layer is inpped 1o a tarbulent conditvon at the lead-
ing edege of the panel.

(b} Repeal part (a), except now the panel is oriented
with itz shont side parallel to the arflow. that is,
Lo ] mand w=—]m.

{c} Plot the elactne power output and the silicon tem-
peralure versus ar welocity over the range 0 = 9
= |0m/s for the L = 0.1 m and w =— | m cass.



| ExAaMPLE 3.3

A photovoltaic panel consists of (top to bottom) a 3-mm-thick ceria-doped glass (&, = 1.4
Wim-K), a 0.1-mm-thick optical grade adhesive (&, = 145 Wim < K), a very thin layer of sili-
con within which solar energy is converted (o electrical energy. a .1-mm-thick solder laver
[k q = SOWim-K), and a 2-mm-thick aluminum nitride substrate (&, = 120W/m-K). The
solar-to~clectrical conversion efficiency within the silicon layer 1 decreases with increasing
silicon temperaturae, T, and is described by the expression 5 = a— 6T, where @ = 0.553 and
b=0001 K"\ The temperature T is expressed in kelvins over the range 0K =T, =
525 K. Of the incident solar irradiation, & = 700 W/m®, 7% is reflected from the top surface
of the glass, 105 is absorbed al the top surface of the glass, and 83% is transmiticd to and
absorbed within the silicon layer. Part of the solar irradiation absorbed in the silicon is con-
verted o thermal energy, and the remainder is converied to electrical energy. The glass has
an emissivity of £ = 0,%), and the bottom as well as the sides of the panel are insulated.
Determine the clectnc power P produced by an [ = 1-m-long, w = 0.1-m-wide solar pancl
for conditions characterized by b = 35 Wim*+Kand T, = T, = 20°C.

— T C

CLLLLLLL | oo
4 s ST

b i A jh=01mm
= ==

L Ly=2mm’ ,=01mm

SOLUTION
i

Knawn: Dimensions and materials of a photovoltaic solar panel. Malerial propertics,
solar irradiation, convection coefficient and ambient lemperature, emissivity of top panel
surface and surroundings temperature, Partitioning of the solar irradiation, and expression

for the solar-to-electrical conversion efficiency,

Find: Electric power produced by the photovoltaic panel.
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Ansimpetares:
1. Stcady-statc condibions.
2. Onc-dumensronal hoat transier,
3. Constant propomsms.
4. Meglgible thermal contact rexstances,
5. Megligible temperntore differences within the silicon layer.

Analysis: Recognire that there is oo heat transfer fo the bottom insulated surface of the
sodar pancl. Hence, the solder layer and alumisum nifnede substrate do not affect the sola-

tion, and 2l of the solar energy absorbed by the panel most ultimately bave the pam in the
Form of mdiabos and convecton heal transfer from the top sarface of the glass, ond clecinc

power to the gnd, P = 783 Glw, Performing on energy halance oo the node sssocinted
with the silicon laver yeclds
T. - T:_w
E'F
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Substitising the caprosaon for the solar-te-clectneal conversaon cfbacney and simplifyving
leads ta
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Performiang a sccond cacrpy badance on the node asociated wath the top surface of the
glars pives
083 GLwil = n) -+ 01 Glw -J‘:Ln-l;THF =T )% ‘“"""‘"Tr‘h: =T

Substrnding the e3preasion for the solar-to-clactncal conversoa efficiency into the preced-
g cquabon &nd amplifving provdes

EI.H:]GH—u*bT..'lH}.IE'—HT,_,F—T.Hmﬂ:q—T.‘,} (2]
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Finally, substituting known values into Equations | and 2 and solving simultaneously vields
Ty =30 K = 34°C, providing a solar-to-electnical conversion efficiency of 5= 0.353 -
0001 K % 307 K = 0.247. Hence, the power produced by the photovoltaic panel is

P=q083GLw=0247 X 083 X T00Wm X Im ¥ 0.0m=H43W <]

Cormments:

1. The comect application of the conservation of encrey requirement 15 crucial to deter-
minming the sihcon temperature and the electnc power. Mote that solar energy 15 con-

verted to both thermal and electnical enerey, and the thermal circuit 1= used to quantify
orly the thermal encroy transfer.

2. Because of the thermally insulated boundary condition, 1t 15 not necessary o include
the selder or substrate layers in the analysts. This 15 because there 152 no conduction
through these matenals and, from Founer’s law, there can be no temperature gradients
within these matenals: At steady state, T, = T, = T

3. As the convection cocfficient increases, the temperature of the silicon decreases. This
leads to a higher solar-to-electneal conversion efficiency and increased electric power
output. Simalarly. higher sithicon temperatures and less power production are associated
with smaller convection coefficients. For example, P=136W and [46W for
k=15 Wim® K and 55 Wim®- K, respectively.

4. The cost of a photovoltaic system can be reduced sigmificantly by concentrating the
solar energy onto the relatively expensive photovoltaic panel using 1nexpensive focus-
ing mirrors of lenses. However, sood thermal manacement then becomes even more
important. For example, if the uradiation supplied to the panel were increased to
(7 = 7000 Wim® through concentration, the conversion efficiency drops to 7 = 0,160
as the silicon temperature increases to Ty = 190, even for it = 33 Wim* K. A key to
reducing the cost of photovoltue power gencration 15 developing innovative cooling
technologes for use 1in concentrating photovoltaic systems.

5. The simultancous solution of Equations | and 2 may be achieved by wsing THT,

ancther commercial code, or a handheld calculator. A tnal-and-error solubion could
also be obtained, but with considerable effort. Equations | and 2 could be combined to

write a single transcendental expression for the silicon temperature, bat the equation
must stll be solved numencally or by tnal-and-emror.



