Mansoura Engineering Journal

Volume 8 | Issue 2 Article 1

12-1-2021

Optimum Radius of Cylinderical Envelope of Solar Energy
Receiver.

Mahmoud Awad
Professor of Mechanical Power Engineering Department, Faculty of Engineering, Mansoura University,
Mansoura, Egypt., profawad@mans.edu.eg

Follow this and additional works at: https://mej.researchcommons.org/home

Recommended Citation

Awad, Mahmoud (2021) "Optimum Radius of Cylinderical Envelope of Solar Energy Receiver.," Mansoura
Engineering Journal: Vol. 8 : Iss. 2, Article 1.

Available at: https://doi.org/10.21608/bfemu.2021.180252

This Original Study is brought to you for free and open access by Mansoura Engineering Journal. It has been
accepted for inclusion in Mansoura Engineering Journal by an authorized editor of Mansoura Engineering Journal.
For more information, please contact mej@mans.edu.eg.


https://mej.researchcommons.org/home
https://mej.researchcommons.org/home/vol8
https://mej.researchcommons.org/home/vol8/iss2
https://mej.researchcommons.org/home/vol8/iss2/1
https://mej.researchcommons.org/home?utm_source=mej.researchcommons.org%2Fhome%2Fvol8%2Fiss2%2F1&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.21608/bfemu.2021.180252
mailto:mej@mans.edu.eg

It

.

M.l
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By
M. M. AWAD
Paculty of Engineering, Mansoura University,
Mansours, Egypt.
ABSTHACT:

This peper presents an anslyticel procedurs for estimation
of the optimun radius of the cylinderical snvelops of solar
snergy receiver. The cylinderical ummmmm enve~
:.up' of the pﬂunuﬁmmlaumtmmmhmthm
axes are mcw

maﬁwhwmtumutmmuuﬂm
convective ‘heat loss from the lnur raceiver to the surrounding
air by varying the snvelope radius for a given nh-urm redius
and given boundary conditions. For the omse of sn unevacuated
air layer in the cylinderical spsce in between the solar abso-
rber and the emvelope it is found that the optimum redius of
‘the envelope squals to 1,348 times the absorber radius.

.m:mm:

+ paramster given by Equ. (11), ot 2%
r + paremeter given by Eqn. (13), &
B v mtlnm ﬂf gravity, ﬁfdﬂéz 3
or, Grashof sumber, (ga’/s")(A.en), —
B, convective heat tramsfer coefficient, walk
x , thermal noﬂnﬂtiﬂh‘_. w/m.k 3

1, lmtth. L
¥r, Prendtl number, (¥/o), N
q ’ Mﬂ hest loss rate, w 3

B m.
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T , temperature, k 3
¢ y thermal diffusivity, maﬁstc s
/5 + coefficient of yolume thermal sxpensiom, /x
£ » thermal condutivity corrsctiom fastor, - —  —ceoee—e-r 3
3y kinematic wimcosity, ma/ﬂéc $
Jubscripte:

1 , absorber;

2 , envelope;

d , diamster;

eg, aquivalent;

T , anmblent air;

m 5 8ir layer &t mean temperature;
8 , surfacs temparature;

un, uncovarsd absorber;

J , thickneas of sir layer in between surfaces,.

INTRODUCTION:

It i well kmnown that in tha solar emergy tschnology {l,ﬂ
glags envelopes Are usad for covering the solar absorbars to
minjimize the heat losses frowm ths absorbers to the surroundings.
The heat losses from 8 cylinderical solar abeorber &re not in-
flusnced only by ths absorber properties and ths surrounding
conditions but also by the envelopes (cover) msterial and asize.

The present work is devoted to estimats the optimum radius
(dismeter) of the cylinderical envelope of cylinderical solar
energy absorber. The optimum envelpce redius is the rwudius at
which the heat losses from the abscrber to the surroundings

will be minipun. An analytical procedure is proposed,

ANALYSIS:

The theoretical analysia of the heat losgsea from the solar
ahsorber to the surroundings is based on the assumption that
the envelope material does not absorb and does not emit thermal

radiation.
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Pigure (1) shows schemtically & solar emsrgy rsceiver which
consists of & cylinderical sbsorber of radius Rl and & ecylinde-

rieel snvelope of radius R,. It is assumed that the receiver 1la

located horizontally and tie axes of the absorber and the enve-
lope are coincided. Assume that the envelope has & negligable
thickness and has & purface teuperaturs of TE’ while the sbsor-
ber surface temperature is Tl and the smbient air tempsraturs
is T,. Figure (1) shows also the free air flow around the solar
regeiver.

The convective heat transfer from the absorber to ths enve-
lope through the air layer in between them is conditionnlly

caleulated by the formulas of heat conduction [3, 4], i.e.

Q_p = ¥y, (2 1)(2)-1,)/1n(R,/R,) , (2)
where kaq is the equivalent thermal conduetivity of the sir
layar, -

keq = E,‘n (_'1}

The correction factor £ can be given by the relation [3]:

£ = 0.1B(Gr Pr)::? . {2)

Egquation (1) can be rewriten in the following form:

0.25
--1‘:5—= 0.18 [g)@k 1 LE /Rl)-l] » (T -1, Y22 (3)
27TR,1 ’Lyocﬁ ’m ln(Hz/Hl) *

The covective heat transfer from the envelope to the ambie-

nt air is given by Newton's law

Q = h (erR 1){D,-T

o f 2-Tp) (4)

The convective heat transfer coefficient h can be obtained from
the following expression [3] :

NuzRdo 0.5 (or Fr)D 25(Prr/Pr jERED Y (5)
fd K¢
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Fie- (1) FREE AIR FLOW AROUND HORIZONTAL
muﬂnzmm SOLAR ENERGY RECEIVER
i " l‘uhsaﬂm _ 2-envelape: e
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In the cuse of the solar receiver and the ambient uir it can be
‘mssumed that

(prp/ee )% = 2.0 . (v)
.pggmtim ,ﬂ#} can be mwrittm in the following forusby using
nﬁmﬁim (5) end {b):

- t # ﬁ.zﬁ

: BAk 0.75 125

e == g0 [ } R,/ )T (momg) (6)

#uﬂl ¢

Asm thiut the envelope is mads of a material, which does
‘not l‘bcm and does not emit thermal energy. Wm, it is
uamﬂ m’t thu nuvciupa rnd:ms hnl no d.'fni an ﬂ!w rﬁﬁiﬂtﬁft

.....

'5 J.mhﬂn nhnrwu:n hﬂttﬂuﬂti’mtm mﬂm to m
Uﬁhm m; fi0.

" eri = QE..! =Q . A1)

SN -2 . "g:&j
-*mf f " ia(a/ay) ]W( TrH & 1
0,184 [%)—1] nmtingﬁﬂﬁm

i
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calouluted and the ratio of the ﬂtﬁl.'w- m:mu to ‘the sbaorber
radius :szal) can be estimated for the oage of minimum heat
1m. For mmh, it e required to ta!mtu m ‘optimun ra-
dius of the envelope for a cage, in which the air layer in bat—
ween the absorber snd the envelope is mww at &hnnpha:ﬁd
pressure and the temperdture difference is small. In this case
4t can be sssumed that the Aubient air meﬂlna values ars
£qual %o those of the air layer in between the absorber and the
‘envelope, 1.e. it can be assumed that

7

ey

&nd the conveotive heat lou frou the mrm is given by v

@ = 2mr (%P my(n ony 170, (az),
wher'e
8= 3004 [(R,/2,)-2] 6 [aatay/m )] 08 5 20,/ )

In the case of uncovered cylindericel solar absorber the
mnﬁn Hﬁt km\!:m mmnrmnmummm takes
the fauqdna ummu to Bgu. 6) form:

2 o2 a (am )t )
z:rafz

Dividing Equ. (12) by Eqn. (14) gives uwm for the  *
ﬂﬁmﬁﬂmﬂm:;lmthtm &

Pigure (2) shows the va ation n!‘ mnmg-,w Wﬁ'—*
neat loss from the solar absorbm with the veriat

the ratio of the mmgﬁ«ﬁmﬁmm@w‘

¥roa Pig. (2) it 1s m%wm-&l“é mvective ?mmwzq
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FIG.(2) EFFECT OF ENVELOPE RADIUS ON CONVECTIVE
HEAT LOSS FROM HORIZONTAL SOLAR ABSORBER
1-parameter 8,Eqgn.{13)
2-reduced convective heat loss,Eqn-(15)
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.nml to uaﬂ:;r nh-n the mau nﬂ;tn squal. to an:lt;r. lu:ui m

mtn to a unuwn vnm. n!ttr nh&ﬁh the r-mﬂl nmnﬁn
heat lose increases by incremsing the redii ratio.

The convective heat loss from the solar absorber at cer-
4a4n thermal and ambient condition will be minimum at the maxi-
mum value of the varisble B, whioh depsnds only on the ratio of
the envelope radius to the sbsorber radius. A simple computer
mmfs] waa used %o get the maximum value of variable B.
The maximws value of varisble B was found to be 4,496 (4.2, the
mimimum value of the reduced comvective heat loss (%}-ﬂ._;s})
at & radii rstio (R/R,) « 1.348 .

CONCLUSION:

The presented analysis and the perforued celoulations show
MWmmmmmmnuwmmm on the
_convective hest loss from the cylinderical solar energy absor—
ber to the surrounding eir. The convective hest loss from hori-
‘sontal absorber decreases by mad.ng the mnlwt radius to
2 certain value, after which the convective heat lose increases
by increasing the envelops radius. The convective hﬂt loss hes
& minimum value &t umﬂm radius equsl to 1.345; tinu the
solar absorber radius in the case of unevacuated air layer in
bmuum ns:-m:rm 'blln anvelope. X

wmm;
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