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Introduction to the Design of the Solar Oven
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den . =0.9999 +4.989x10°t—7.571x10°t* +4.851x10°t* - 2.779x107"°t* 142
+1.007x107*2t° ~1.587x107*°t°  [kg/m®] '

siae sl Agyhall ded) Aloles
Comaer = 4216.91-3.543.t+0.1308.t* —2.644x107°.t° +3.181x107°t* - 2.023x107".t° 152)
+5.313x107°t°  [J/kgK]
1Ayl Adlayy) Aol

waer = 0.5602 +2.352x107°.t — 7.268x107°.t* + 2.910x10 °.t* —5.349x10°.t* 162)
+4.346x107°t° —1.296x10*2t°  [W/mK] '

k

1S a ) da g5l Alalea

Uy =1.786%x107° —6.137x107°.t +1.575x107°.t* —2.933x 10 *"t° + 3.497 x10 "°t* 172
—2.299x107°t° + 6.249x10%t®  [m?/s] '
iy o) Aalaa

Pl e =13.424—0.5190.t +0.01486.t°> —3.134x10~*.t> +4.179x10°°.t* 182)

—3.003x10°%t> +8.746 x10**t°
feeaall 2adll Jalae dalaa

Boaer = —6.209x107° +1.606x107°t —9.345x10°t* —3.345x10°.t> + 9.543x10*"t*
—9.158x107t° +3.061x10°t°  [1/K]

Bhall dn)d pe pueddl Jlgd Cuy pailiad jai CValae @

(19.2)

144l Adales

den ., aoweron = —0-6081.t+925.98  [kg/m®] (20.2)
tie il A hyall dadl Asles

Coontoneron = 076107t ~3.31x107.£° +4.147x10°°1? +1.2x10°t +19506 [kI/kgK] ~(21.2)
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iy yhall Allady) Aol

Keunoneron = 3-5x10712 —2.232x107t+0.1706  [W/mK] (22.2)
Py ) AU Aalas
LOg (L, mowerair) = 4-2454 —1.7295.Log(t) (23.2)
il a8) ddalas
c o X )
Prsunﬂowem" _ p,sunfloweroil Msunﬂoweronl (242)
ksunfloweroil
: Gu;l\ il Jalzw ddalzs
1 d(den sunﬂoweroil)
. 1/K 25.2
Bsunflowemll den dt [ ] ( )

sunfloweroil

Detailing the Governing (ug sall alaill il ) z dgalll A& dasladl e slaall J1uaii.6.2
:Equations in the Mathematical Model of the Considered System
i) Js¥) kel s laidl daslal) Aalead) .1.6.2

Tamb
c\\
S Qccv
i,
7P
NS
N N
sky 4 N
- ”\\ ‘G /
N /
3 el /
Q /.:":,/ AN /
rad /7 N/
Tg]

gl S ARy ey sl alagl sUaill g jadl Jolinl) b 1(21.2) A8, JSil)
tots (1.2) ady dalaall o ysSall 1agd (gyhall cplill Aslas
Qnet,gl = Qsolar,gl + (Qcov,QZ—gl + Qrad,gZ—gl) - Qcov,gl—amb - Qrad,gl—sky

‘;l.-uud Ayl Ay @JBJ\ @B)ﬂ\ ¢ Uazll @ il ddlall 3)hall Jaea o4 :Qnet,gl [VV]

:AD=1L
dT
Quecr = (MC),, Tgl (26.2)

coalal o lball e gl dphall daudl a Cp [IKGK] coalasll sUsill o35 58 My [Kg]
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AL ey ¢ oaglal) alagl e Uaall sl ol Jane s :Qgoargr [W]
Qsolar,gl = AQC Ggl (272)

dalis A cuaall J8 (e 55a) Guadl) 2nd diapmal) alal sUaall ha dalue a Ay [MF]
e L 52y Al alail) sUaall J8 (e dsied) sl Z Jua sa Ggy [W/M?]
[41]:Hsieh a3y lld s A6 28kl

Gy = 1 Tins [0ty + 0141 741 P52 |G, (28.2)
omadll £ LesY1 323 s | [W/M?]

cail e oaglall alagl) o Uaal) B3y alidial Las Ty 5 O

1ALl (385 Caaty SSH A 4 G

C,=—"m (29.2)

sl el dablie & Ajgys [MP]
ALl oy ccpmaladl) opilaal) o sl 3 )hall JEsl Jaea g8 :Qcoy go-g1 [W]

Quovgz gt =Ag Nego g (Ty = Tyr) (30.2)
Ag = LgX Wy (s5ladis calaill elnal) o dalis o Ag [M7]
el e dmges oalaill elhall Job L Wy 5 Ly [M]
Gy e omaladl (plall G 3l aal) (3 sl daall shall J@ Jelae s N go g [W/MPK]
b LS

k Nu
= (31.2)

c,g2-g1 — L

92-g1

h

c,g2-gl

(eVsel) Sl e bl Al Adlay) o K [W/MK]

‘Legagr =0.01 [M] Sl adaws (s Adlusall (gslus ¢ Spaall 22l 58 L gogr [M]

cJile ek (Blaa jia sty cCmaladll illaall (el s 85 58 NUgo g1

44y aspect ratio H/L J<al) das e Jilall GBlaadl 3all 138 faa jall Jasdl 3))all S5 adiey
0 G e

4y ady5 «0°<B<T0° Jlaall o & Y e (Plaa Ayglys HIL>12 S8 G 508 o Jal 0
[57]:[Hollands et. al., 1976] culwssi by a3 400 4D p2ais (Ray < 10°
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Nu

92-g1

' i 16 Ra cos0)® T
:1+1_44{1_ 1708 :|(1_1708(sm1.86) }{( a2q1 €050) }

— ~1| (32.2)
Ra, , , C0S0 Ra,,, ,, C0s0 18
Al cilS Jla A jieall dglie g cang []7 Gan 3
On axdl L 3ol Jiws Lg = 0.785 [M] alagll slasll Job H 300l diay Gugyaall olaill
sty 381 e caladll elhaall (Dlae 435h 0 Sapll Jiey WS Lggogr = 0.01 [M] Gamlasll Gpillazd)
tgsbad JSAl A ola Sl (22.2) A8y S 6 e o8 LS B = 40°
H/L = Ly/Lcgo.q = 0.785/0.01 = 78.5

Lyl Loyl 3ins ag dasall Jlaall (e o8 sl o LS ¢ ) Sl Loyl (38 a

.Yunus Cengel, 2002 «gasasigi) (b Jila Jubaiwa (3lia Jua 1(22.2) ad) Jid)
ALl (e s lrall el 4l o8y 8 Raygo.q1

3
gB(Tl _TZ) Lc,gZ—gl Pr

2
A%

(33.2)

Ra g, ¢ =
g ) Apilall gl s g = 9.81 [m/s?]

(W Ble 2lsell i) Al chlall Jal e B = DT anall saaill ol s B [1/K]

T1=To Al mhaudl la a2 Ty [K]

T2= Ty el mhaudl s day (2 T, [K]

(s158))) el Al a0 & v [mPs]

(s1se) wlall Jushys 235 8 PP

Tave = Tgr+Tgal/2 55l Alanss By Aapd ie (il ailiad aen 2455

(13.2) LU (8.2) (e ci¥alaall 385 cllyy Bl Ang s (o)sell) ilall Ayl ailoadll s

AL aryy cmalail) opithaall o &u\ﬂ-’ whall Jalall Jaza oo Qrad,gz-gl [W]
Qrad,gZ—gl = Ag hr,gZ—gl (ng _Tgl) (342)
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[62]:48Mally axys Gumalaill (pilasll (o YL 35Dl Jl) Jalas 58 Ny gogr [W/m?K]
(T +Ta) (T, +Ty)

9

r,g2-gl =
1,1

Sgl 8g2

" (35.2)

5.67x10° (gslss Glasilss Glasin il 4 6 [W/m?K?]
Ll el Gualal ilasl) e S dplaa) Las g g

by sl budl ) aolal bl elaall e deally (bl 288l Jaee 58 Qcovgramb [W]
141l

Quovgram =Ag Negiam Ty — Tany) (36.2)
(sl IV alal slaall e Z Ll ce aalil Jeadl shall JE Jalaa 58 Mo ggamy [W/M?K]
[62]:Wattmuff et. al. (1977) iDle (0 crunyy cdanall an gl )

Negraw =2.8+3V, ; V, <5[m/s] (37.2)
Wl Aoy 2V, [M/S]

Dl sl )b Aapy oo Tomp [K]

oy chaddl bl ) a)lall sl elaall e g iYL (ol 288l Jane 58 Qraggrsky [W]
Al

Qe gisky = A Ny gy Ty = T2) (38.2)
o gy cslandly oaglal) alagl slhaall G g ledYU shall JE Jalas 8 By gy gy [W/MPK]
[62]:48xdl

hrgroy =€ 0 (T +T2) (T, +T,) (39.2)
Lol 3ha dapal U Swinbank (1963) 4le (4o 2aais eladdl i dapn & Ty [K]
[41]: ol

T, =0.0552T%> (40.2)
fEl JRAL el Gy (A alall e Uaall (hall (sl Aalae aiiyi sale) (Kay

dT _ A G + Ag (h c,g2-gl + h r’g2—gl)(ng - Tgl) - Ag (hc,gl—amb (Tgl — Tamb ) =+ h r.glamb (Tgl — Tsky))

gl gc—gl

dt (Mo),,

e PPRENEV) i PPENE S AT A daslal) Aalaal) .2.6.2
Ualee . AlpeSl) Jiall daphay Jalall alaill eUaall g )hall Jelal) lahds (23.2) o) JSE o
tts (2.2) a8 Aalaall o osSall 13gd (gyhad) lsall
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Qnet,gz = Qsolar,gZ + (Q rad,ab—g2 + Qrad,p—gZ + Qrad,b—gz) + Qcova—gz - (Qrad,QZ—gl + Qcov,gZ—gl)

Qnet rad,g2

\
Iajyl\\ Ql "I(:l\ “I"wl‘

L

// Tﬂb

gl Jiatl) 48 oy IR0 alagh sUsill (g hal) Joliall Jabaia :(23.2) o8y JSl)

5

s
by dphall dinn e J3lll alagll elaall & Zigisall aball shall Jane 58 Qpergo [W]
dT,,
Quergz =(MC)y, . (41.2)

AL o “éj';\ﬂ\ @\A)&\ ¢ Uazll M\ sl Jaza 8 Qsolar,gz [W]
Qsolar,gz :A ng (422)

gc
[41]: 212 alasl) e Uil U8 (e Fsiaal) dpadl) BN Jana 58 Gy [W/MP]
Gy = 1 Tiens Tt [agz + 0y, Py pQZJCg (43.2)

remad) el e Unsl) ddSad) (8 pyg
Ll mhaully A3l alagl) eUaall o e iYL g had) Jolall slall Jaedd) 58 Qnet rad gz [W]
DL Langs o el elegs oaldl Aagually il oaal) sl () b

Q A, 2 (6T4 —1) (44.2)
netrad,g2 g 1_ g2 g2 '

g2

s radiosity Clalai¥) gas b phadl 5ol A LIS delesy) B Jaee sa Jg [W/M?
LAl Gl Sl e ladyl Jilas calee (e cllds Ba Lplis Ak ol
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s Al alaill elaall ) il elsedl o daall Blall JUsl Jaes 2 Qcovage [W]
LA

Qeovage = Ag Neage (T = Tgz) (45.2)
LRI alal e Ually ol Jabs slsel) G sall Jeall shall Jliwl Jelas sa he o [W/MPK]

o Jlee) Jle Raithby and Hollands (1998) lges 3l ddyhall o Jaleall 138 30a5 & adinges
hall Jasl cDlebee Clua Glle aladiu) daphall oda b AL dsgiia s SN alasl) o Uaal)
s Agase B Aadiay AJALE Aadhiay oY) pai Agase Al A e U8 a)) Jeall
DN el syl Jls) Edllee lua llawiy U Laladd) b diae A4kl [56,58]. Jaud)
abas SV el Jl Jelee 335 cdpm ) Apdlall g ladl Culiadl LAWY ot 35Sl

sl sl Ul Jeleal i Juadl

35l JlEs) Jalee s 3 )l Q! Jales s
hy hy 8 yad) JUasil Jales ol
Ten g Aual A dngial el | fden s Bale d@l dngal) el h,,
s~ Aga e 33 L sl JLYT s g ga B o A s s A LG Aagdiall el
G ¢ eV Sua eJawy g=g sin (6)
g=g MAX|O,- cos (8)] N g=g MAX[O,cos (8)] /

N 4

h=MAX[hU'hdf'huf]

DLl oy S AL i) o ) el ) ) b ln

k NULa-g2v
hca—ng = i il (462)
' L
ca-g2v
LAl o1l el Lyl o k [W/mK]
fgsly A LS daiia o)lie y aladl) e Uaall Saadd) el 98 (L goy [M]
I—c,a-g2v = Lg
le' LS g 5‘14-‘-")3\ Cilas g o) sa NULa-ng
Nu La—g2v = (NULaQZVIam + NULangturb)l (472)
:@é-““ Soall Gl g Al oo NULa—ng lam
— 2.0
NU La—g2vlam = (482)
2.0
Inj 1+ 03
N lama-g2v RaL.a—QZV
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0.671
C:Iama—92v = 479 (492)
0.492)°"*°
1+[ : J
Pr
tpbiadll Gljall ciliwgs a8y 68 NULa-goy turb
'NTH Cturba— 2v Ra}_/;_ 2v
NuLa—ngturb = : 9 ér (502)
1+(14x10%)———
aLa—ng
0.13Pr%*
Cuagov = (1+0 61Pr0_81)0.42 (51.2)

Bl (o caungy 4l ) 5 Raaga
gsin(0)B(T, - T,) L.

Ra,, g5 = > ©292V py (52.2)

0= 0= 40° (3 e alail eUaall (Plae dsly o 0[]
T = Too el mhaidl 3a dajn & T [K]

T = Ta coaludl pildl )l da o T, [K]

b Cua (Jad) st dgagal) s, A dssiall Jal e ol Jeall syhal) Ol Jelae clua
1A=l

kmLa— 2d
hc,a—gZd = L—g (53-2)

ca—g2d

tgstans «Jia) sad Agase 5yl A8l Aaghin ojlicly alal) eUaxll Speadl axdl s <L pgoq [M]

A, L, xW,
|_C’a_g2c| =_3_-__ 9 93 (54.2)
P,  2x(L,+W,)
451-' LS g 514-“'}5\ Cilasgi o) 58 NULa—gZd
— (—10 —10 )1/10
NuLa—gZd = NULa—gZdIam + NULa—gZdturb (552)
& LS g gﬁé*a” Sloall cilwgs ad) oo NULa—gZd lam
— 14
Nu La-g2dlam = (562)

14
In| 1+ 0.25
0.835 Clam a-g2d Ra La-g2d
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0.671

CIama—gZd = 4/9 (572)
[0.492J9’T
1+
Pr
b LS g haall Glyall Glisgs o8y o4 NULag2d turb
Nu La-g2dturb = Cturba—gzd Rat/as—gzd (582)
P
C _ 1+0.0107Pr (59.2)
wbegzd 1+0.01Pr '
AUl (e amngg 40by o8y 8 Ray 4 g2
cos(0)B(T, - T,)L®
RaLa,QZd _ g ( )B( 002 s) ca-g2d Pr (602)
A%

b Cua o oY) sas dgagal) 335U A dasiall Jal e Al Jeall syhal) Jll Jelae clua

$ADLaL
kmLa—gZu
hc,a—gZu = L (61.2)
ca—-g2u

st oY) s Agmsa 50 Al Aain ol alagl el sadl ) 5t <Ly [M]
L¢ a-g2u — Lc a-g2d
451-' LS g 514-“'}5\ Cilasg o8y 58 NULa—gZu
— 2.5

Nu = (62.2)

La-g2h 25 19 0.9 2/9
o (1)
0.527Ra’ ,, Pr

0.0)B(T, -T,)L
RaLa_gzu _ g( )B( o\o}z s) ca-g2u Pr (632)

Tave = Tt Tal2 st Alls sl alidll 3)ha Aoy die (A1) elsell) ailad) (ailiad apea 35
ehsedl e oall Jaally pyhall Jlim) Jaee bl EDGN o e oY) Bl Q) Jolee s S

LAl Al e aal)
= MAX(h h h )

c,a—g2v'''c,a—g2d’ " 'c,a-g2u

PADL (e canys 4l o8 58 Ra gy

- hc,afgz
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) S et Gy A0 alagl s Uaall (g )lal o3l dlabea i sale) (Say

dT AchgZ +A 1 g (G ng) +A ca-g2 (T ng) _Ag (hc,QZ—gl + hr,g2—gl)(ng _Tgl)

92 92

dt (m C) g2
dualal) dagieall daslal) Aslaall .3.6.2

Al Sl Ayl dalall dagiiall 5 hall Jelil) i (24.2) o) JS8) G

gD Jiiail) Ay g Lalal) daghuall g fial) Jo il hbia :(24.2) ad JSl)

tots (3.2) by Alalaall & oSl 13gd (ghall sl Alabas

Qnet,ab = Qsolar,ab - (Qrad,ab—gz + Qrad,ab—b + Qrad,ab—p) - Qcov,ab—a - Qcon,ab—p - Qc0n+cov,ab—amb

Qnetrad,ab

*

HURECN

Pl Jangs il L cune ald) dageall 8 &5l Zdlall shall Jane 8 Qperan [W]

dT,,
dt

sl dagiall de gl dphall dad) s Cop [I/KGK] cialall dagiall (15 58 My, [K]

ALl (anys cdald) Asiall pwedl) sl Jaea 98 Qsopar,ab [W]

Quotarar = Aavc Cap (65.2)
sl dalioe a5 33 Gaadll dxdY ajed) dald) dagall (o mhal) dalue & Agye [M7]
(Asnll L jadll 5y5) yad) Aap[M] o5k (g5

[41] 48000l tanys sl daiall U (e fsieal Lpusall 20 Jane 58 Gy [W/M?]

G =1 Tiens Tga Tga @2 C [W/m?] (66.2)

[W] (64.2)

Qnet,ab = (m C)ab
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pgsbuiiy 5 Aasi & C cialal) A goall dpaliaial 4 0

Alens (67 2)
A .

ab,c

b A mladly Al sl G g iYL @bl Jolall ilall Jadl p Qret ragap [W]
DAl anys el sless AR alapl) o lailly ol hasl CJ:“\) Al

€a
Qnetrad,ab = Aab ]__—b(GT;:) - ‘]ab) (682)

8alb

C=

Aalall Andiall 4yplaal o gy,

s (radiosity syl auen b phaadl ol ) 40 delasy) 28 Jae sa gy [W/MP
LAl Bl Sl e ladyl Jilat calee (e clldy Ba gplis ik oLy

g5ty Aualall dagioal) mla alua & Ay, [M7]

Ay =Aun+Au =Ly x W, + L x W, (69.2)
P

casl e dagiiall o Jilally Y1 mladl (e S dalis Lt Agy i, Ay [M7]

el e dagieal) e dilally Y mhasdl e IS sk b Lggn, Lani [M]

iyl e dadall e Jillly 8Y) mhandl e IS ase Lt W, W [M]

By il (B Al sl ) dalall dxiall e deally sl JEl Jae s Qeovana [W]

Al
Qv a =Aup New o (T = T.) (70.2)
(ol Jals elsell ) daldl dsdiall e Al Jeall syall JE Jelea 58 heapa [W/MPK]

ol LS g

ol esalll g Sy 8l AVl GV e il Laaal adan (e 4S50 sl dsgiiall
ol Jaally sphall Jlm) Jalee 05S05 das e mlan S0 all Jaally yhall Jli) Jaebee cilaa

1 gllaal)

A _xh_ . +A_ xh
hc'ab,a _ abi c,abl—aA abh c,abh-a (712)
ab

e abica i) landl Jaf e DAl Jaally hall Jlal Jalae ibia
chadl el syhall JEl Jalee s dile Zexitindl Raithby and Hollands (1998) 4ik 34,

:hc,abiv-a Aol LS Adle dAsaia
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_ kNULwbiv-a
c,abiv-a — L—

h

c,abiv-a

—6

. I—c,abiv-a = I—abi

Nu Labiv-a (NUL,abiv—aIam + NUL abiv-aturb

(72.2)

:ijt“‘:l} A AL dagdia o)liic Jalal) GL*‘M Jaall 2l sa I—c,abiv-a [m]

Y| %) thm)l\ L""“\m)_'\ (°§~) EREN

(73.2)
teminall Glpall Clisi o)

(74.2)

(75.2)

ophandl Glall s o)

(76.2)

(77.2)

(78.2)

0= 0api = 40° 381 (e Angiiall (e Sl sl (Plas dgly o 0[]
'TS = Tab gjbﬁj Guau\ c.i:u.nx\ 'é)b; 2.;‘)3 ‘:;é TS [K]

T = Ta slais el ) m dayn 2 T, [K]

e apiva 1oV sa0 Agases iale 18 dagiia mhl) licly syl JUs) Jeles ilaa

NU L,abiv—alam =
In(1+
CIam,abiv—a
0.671
Clam,abiv—a = 0.492 9/16749
1+[ : J
{ Pr
Nt Ctur’o,abiv—a Ra
NuL,abiv—aturb =
1+(14x10°) ———
c _ 0.13Pr%*#
turb,abiv—a (1+O.61Pr0'81)0'42
gsin(6)B(T, - T, )L
Ra‘L,abiv—a = V2
kN—UL,abiu—a
hc,abiu—a = L—
c,abiu-a
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fgsbans ““‘-‘”i daiia oyliie by Jild) C—L‘-‘-‘M Jpaall 2l 54 L apiv-a [M]
A _ L i X Wi,

L avitua = = (80.2)
wmea T T 2x (L + W)
:M‘ L}A L,fhm}l\ L“\‘“\m)_'\ (,5‘) L.n.\\:
— ——10 —10 /10

Nu L,abiu-a = (NUL,abiu—aIam + I\"JL,abiu—aturb)1 (812)
teadall glyall il 48

NU izt = L4 (82.2)

L,abiu—alam
1.4
Inf 1+ 535
0'8350Iam,abiu—a Ra L',abiu—a

LaTeN

CIam abiu-a 0671 4/9 (832)

' 9/16
{ [0.492}
1+
Pr
A NOW I I JER T
Nu L abiu-aturh Cumabiu-a RalLl,gbiu—a (84.2)
LaTeN
1+0.0107Pr
Cumbabiv-a = 0-14(WJ (85.2)

AU (e bl o) i
_geos(O)B(T, -T,)L

Ra iy s = % S Py (86.2)
Neabida i) sa dgases 48 Aidls dagiia mhudl Hlicl pall JlEl Jalee lua
kN_UL,abid—a
hc,abid—a = L (872)
c,abid-a

tgsbay Aitl Angiia el Jild) el Saeall 2xd) 58 L apig.a [M]
-L¢ abid-a = Lc.abiv-a
AL (e (Aangl)l il gh o8y sy
_ 2.5

Nu = (88.2)

L,abid-a 25 19 0.9 2/9
In<1+ : o 1+('j
0.527Ra’ ., Pr
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B e 4kl o) Cns
g(0.0D)B(T, - T,) L

Ra| g = 2 = pr (89.2)

v

ol Jaally syhall JEl Jaee lual aaladivdy DA n e JeY) 5hall JEul Jalae LEA) K
cdalall olsel) U dald) A gall calull Jild) mhad)

= Neaiia =MAX(h iy a0 Do abivar Neapiaa)
dadia iinyg N gpha el dagdiall 8Y1 sl dal e sl daall 3hall Js) dalae Gl

[58]: eY) sai dease duala dusd

k NULabha
hc,abh—a = L (902)
c,abh-a
:Lﬁjh“.—’d c‘_sssy\ CJamu ).,-.M‘d\ J’L.‘H BL) I—c,abh-a [m]
L Aapn _ Lapn XWa (91.2)

cabhea = Paon - 2x (L aon + W)

Ty | %) gk.mjl\ k“";m}_'\ (;;5-) G

— —10 —10 /10

NU L abh—a = NUL,abh—aIam + NUL,abh—aturb (922)
eabaall sl Gl )

— 14

Nu L,abh-alam = (932)
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In| 1+ 0.25
0-835C:Iam,abh—a RaL,abh—a

s
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CIam,abh—a = 9/16 419 (942)
[OAQZJ }
1+
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thaadl Gall Gl )

NU L,abh—aturb = Cturb,albh—a Ra}_/,gbh—a (952)
LaTeN

1+0.0107Pr

C =014 ——M— 96.2
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Ra = 2 VZ) S P (972)

Page 85 of 160
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:ADLa1L
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Aald) dagiall Gudld) ghall eley saels o dalus & Ay e [M]
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p

ceehll ele g salad dghall dllay) & ky [W/MK]
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A8l s bl Gl
Quonscovbamo = A U aro (Top = Tar) (100.2)
Ll olaily gyl Jall e dndall (0 JleaY) el JE Jalas 8 Ugpamy [W/MK]
fel WS cagg cdasdll

1
Uab—amb = (1012)
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b LS ity cJaasill phall asliall & (Regn [M? K/W]

Rcon — 8insulation (1022)
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Aphall allay) o King [WIMK] 5 badl d3l a5 8 Sins [M]
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) IS sty alal) Aagieall (gylall sl Aolas i sale) (S
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5
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cpall Al ohasll ) 81 slsell e Jall Jeally slall JE delee s8Ny [W/MPK]

1a8a]) (e g
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h (107.2)

b LS el 53y A dahem (haal) o3

k NUL by
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LaTeN
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LaTeN
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PR g Agase Bl Al

kNULa
Neabnu = L—Labhu (115.2)

c,a—bhu

:L;}Lm:u ‘Lﬁ}M\ GASY\ clauﬂ Oaaall 22l sa I—c,a—hhu [m]

A L W
L ppua = o = ——bhu o (116.2)
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Py || %) gk.mjl\ k“";m}_'\ (;;5-) G

~ ——10 —10 /10
Nu L a—bhu = (NUL,a—bhuIam + NuL,a—bhuturb)1 (1172)
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Inf 1+ o35
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[0.492] }
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Pr
tephiaall Gl o8
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JLEN
1+0.0107Pr
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ARl (e gy o8 Caen
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v
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Moy = (123.2)

Lc,a—bhb

tgsbiuts ¢ glind) (8] ol Siaall 3xd) 58 Lo aonn [M]
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Lc,bhtya = =
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AL (e 4yl aB) Caay
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A%

Ra, 4 oy = r (126.2)
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el sle gl ulall o) dabioe o Ay gy [MP]
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gy QR ehsell U ehal) eles mhan o all daally sl JEE) Jalee 58 D [W/MPK]

1Al e
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Pob LS ellyg Al Alghanl )l s laadl Sliel Caways o il

kmL,penv—a
Nepenva = o (130.2)
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:gé—u\ sley &\éﬁ)\ (sl “éJ)éLjJ\ ‘5_1\}19“‘2\ Glﬂ“u Dpeall 223l 58 I—c,penv-a [m]
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J— A J— /6
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Inj 1+ 035
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0.13Pr?
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gl?)(Ts _Too) L3c env-a
Ra, oo = % P2 Pr (138.2)

Pl LS s mdand) plind) 50 il s ) Ake ) Calimy sl Jsha ()l s Jaf e

NUL = NULne ﬁ (139.2)
chad) 3Ble e adle Jaaanll 5 sill) slai¥) il Jlaa) Jla b dassl) Ciliigs o5 58 NULne Gam
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HADIRL € any
18 L
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Camngg o RN elgel) U ehall sleg slae o all Jeally syhall Qi Jalae 8 Mg prig.a [W/MPK]
tol LS elliy ¢ oY1 sa Agage A3als Aagiua o Uadd) il

k NUL piia-
Nepiiga = L—Lp'da (141.2)
c,plid-a
:@L“?’J ‘csﬁsy‘ C—l-"‘“‘u Dnaall 22l g8 I—c,plid-a [m]
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Lcpiia = PLId = 8 (142.2)
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ol Gl st o,
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Inj 1+ : 08
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JAATES
0.671
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{ [0.492}
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Nu Lplidatub Cturb,plid—a RalL/,an (146.2)
UITEN
1+0.0107Pr
C Lo =014 ———— 147.2
turb,plid-a [ 1+ 001Pr J ( )
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gB(T,-T,) L piica Pr

2
A%

Ra g = (148.2)

Tave = TptTal2 sl Allg adaud) aLdll 3))a 4 vie (s1sell) ailall (ailiad aues 245
Ul e Cumy 30 6 sell (gl sl Alslas i sale) (S
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L OAL Aaal chaall Laslal Aalaal) .5.6.2
 SloeSl Jiall 2yl AN haall g hall Jelidl Ll (26.2) ; <) G

\ e . Ta mb
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Aalalall haall due i) Ayl ded) g Cp [IKGK] cidalall ohaall o35 sa my [Kg]
ol i sSa Ay mlandy AdAIA hasl) g g lBYL (@hall Jalall ilall Jaaal) 58 Qpet ragp [W]
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AL ey cayadll

Qcon+cov,b—amb = Ub—amb Ab (Tb _Tamb) (151.2)
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Al aryy (<l sl L))
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{1{0.492] }
Pr
tphaal) Gloall Cliss )
'NTH C urb,penvw-w Ra‘1/36nvw—w
NuL,penvw—wturb = mnE vaPr (1712)
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Sl Jiail) Ay ekl pleg cada Jaall (g fpal) Joliil) Jabia :(28.2) o) Jeail

125 (7.2) o) Aalaal) oo (&4l 13 (golall )il Aalas

Qnet,w/vo = Qcovp—w/vo

Al ey Ayl de o Jeall 8 Aijiad) 4alall 5hall Jaxe 8 Qpegyivo [W]
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Thermal performance evaluation of z8all waddl o AU g LAl e\ anii .3.3
:the proposed solar oven
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:the mathematical model
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The effect of the absorber’s geometrical shape on energy conversion
efficiency and thermal performance of the proposed solar oven:
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Abstract:

A novel solar oven that uses Fresnel lens as a concentrating solar collector is
introduced in this work. The novel design was proposed after conducting a comprehensive
review study on solar cookers which included their development, different types, design
considerations and main parameters affecting their performance, in addition to solar cooking
principles and solar cooker requirements.

One of the most important features of the novel design is that heating of the cooking pot is
done by conduction heat transfer from the bottom through the absorber plate.

Modeling and simulation in Matlab, Simulink software were used for predicting the thermal
behavior of the proposed oven under specified climatic and operational conditions and
evaluating its performance and comparing it with previous designs in order to demonstrate its
superiority.

The modeling process included a detailed description of the proposed system, explanation of
its physical model, introducing its mathematical model which depends on heat balance
equations of the oven components. The adopted model is a dynamic lumped parameter model
in which the values of the physical properties of inside air and cooking liquids and the values
of the natural convection heat transfer coefficients change with temperature and time.

The simulation process allowed explaining the system, predicting its thermal response and
conducting a valuable analytical study for it. It enabled the observation of the variation of any
parameter of the model with time like temperatures, heat transfer rates, heat transfer
coefficients, etc., it also gave a deep understanding of the related processes and how the oven
components interact thermally with each other and with the surroundings. All of that helped
guiding the study and identifying weakness points and addressing them in an economical and
safe manner.

After that, the study was directed towards the crucial component of the oven which is the hot
surface (absorber plate), studying the effect of modifying its geometrical shape and its
properties in order to improve the energy conversion efficiency and thermal performance of
the proposed solar oven.

One of the most important concluded results is that modifying the geometrical shape of the
absorber plate in order to increase the heat transfer surface area between the plate and the
cooking pot had a minor effect on improving the performance of the oven, while modifying
one of the properties of the plate had a clear effect on improving the performance. The
property is the absorber plate emissivity which was reduced by using polished plate with a
black focus point only.

The final product is a solar furnace capable of boiling 7 [kg] of water within 1.37 [h] with a
an overall efficiency of 68.96% for the oven and 64.13% for the system (oven with solar
collector), and capable of heating 7 [kg] of sunflower oil to 250 [°C] within 2.8 [h] with an
overall efficiency of 63.62% for the oven and 59.17% for the system. With these performance
parameters the proposed design significantly outperforms previous solar cooker designs.
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