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NUMERI CAL | NVESTI GAUNICANOROMF HNEONNT T RANSFER
ENHANCEMENT I N PARABOLI C TROUGH SOLAR COLLEC"
MODI FI ED T-WABEEDNSERTS
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ABSTRACT

I n this paper, a numerical i nvestigation is present e
modi fied multiple twisted tape inserted in solar parab
working fluid eandv&®&eyinod dsr aommb0000 to 20000. The rece
assumewninfooor m due to hemispheric insolation of sun. Thi

friction factor and t her mada speesr.f oMfammai hocues atryep epsr eosfe nttweids t
twisted tape, notfrhaelar ege r fsaquutzatr ded a lamelwitVet ed t ape are co
The numeri cal simul ations are performed hley cbtaommear oies
revealatd Reh=1t0000 and 20000, the avewcagei Nusdet apas mae:
than plaine tube by 19. 58 tahned nla7l. 4pde%,f orrensapneccet iovfe layl.| Moa
tapelsariger than 1 which means that utilizing twisted t
perf ormance than plain tube. The -t atewinsale(dp strafpbeesmbers e s c
for Re=10000 and 20000 arue emdorye atbhbaut 16 and 12% i mprov
the case with perforated dual twisted tape (as the <cas

for Re=10000 and 20000 are mdx e mphar epneaitn trelspelcy i avled
KeyworHesait Transfer Enhancement, Parabolic Trough Coll e
Sol ar Collector

I NTRODUCTI ON
An increase in the gl obianc rpogpwuilmg i dentdhreds vomrd dd meGagwe €
l'imited resources avaivliaboldeaefadgre Isf, o sasnidl cfluemast,e tchheanges

from burning these fuel s, the share of renewabl e energ
energlhe caat agwirnidzedgeot her mal , abdoimars sen érygheeag.o wiene , t s 0 |
energy usage is more common due to better availability

Sol ar energy can be used in several forms such as so
conditioninghdpbot @av o ltthairaa l power systems [4]. I n so
collected kbyienesuaoar ttrweking collectors such as dishes
collected radiation enerr gwherse thelnarf orcacieat iaorms oilarc oreve
a fluid medium that can be used to generate steam, dir
producing electricity [5, 6].

PTCs systemé$&,j ghsesbbohi pashape coll ector which concer
absorber tube which contains a working flui dsfkirgh Al so
temperatures in heating. These acpoplllieccattoirosn sc aonf bien duussetdr i
[ 8, 9]. The fluid in PTCs can be air, carbon dioxide, |
each of them has some adivmnttaaigoeed oaensd ndoid $ abdeavasnta weabjt edstin p eFro
can bé owistecempenatagree but it does not have good ther mal
| i qwudldthee, t emperature bhasewerntse ahil Gzawnolmghavail abl e f
PTspressurized water has very good ther mal properties I
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order to keep liquid phase during the hPaGsfrfg cpreomcceys sc,a
be i mprovemembtys einthatmca&cker [11], geometry [ 120]],. aAdssoor,be
to increase t hePTtChe rprhals eb ecthaawigoer noaft er i al storage [ 21,
peak hours a day.

Generally, PorfCsh eaate ex ckhhanndger in which heat transfer
kinds of heat exchanger can be applied to these systen
into two categories: (a) actesoeramethads (hi pleog ks g e e mt
indepenhdemt lany external source. Passive methods are cl

techniques are more coXbro,n.p Exd w2 @pald isuinud af2seh di ZSBww e 3 |
flow de@8irtesaph3be placed in this category.

Twi sted tapes (TTs) are one of swirl flow devices t he
swir | fl owwalkelhranthemaki ng turbul gnoeasintTdssiarye mioghex p
process of making them or placing them in a tube is ezc
Al t hough nor mal TTs can enhance heat transfewurthleey ha
i mproving heat transfer or making pressure drop | ower,
researcher-beq@Bt8i . [ Shlortpeclf @araeacd|[ §B]7,] , alcteenrt rat i ve axi
serrated TTef[4Bksaermosoméed TTs available in recent wi
of insert in a pipe to increase the heat transfer, som

in order to heat 44B8ansfer augmentation [ 4
Despitstmaibg@siuct ed teof feeralsylziezitnhge di f f eriemtt ulygse sumde
uni f or mcheatu mMAtEatcheasmot much attention -dicfucrem™d leaatt ufolel
the authorsoé knowl edge. Since PTCs concentrates a high
flux on tube waulnlisf oirnm.P TT(hsi sa rkdi nridfelmmtfa nc icracuwsaf @ rhemrtmad di

t her mal stegesisbaemn thecannot be awdiidhddsogu® ht d hlee mit hgh e

inducing swirl flow in a tube andtmbednfyl iftt oavan i mpr ov ¢
I n the present work, a numerical investigation is p
of pressured water fluid flow in a PTC equi ppwidr Wi nhdg Ve
TTs. Si nte Hadhl| bertter t her mal performance than the si
per f owcautte,d -swqtuaared! eanedr are only applied to dual TT in
of TTs and comparison bet wesn!| theaonbdbt ahemedovemelyi coaf
comprehensive work in which these various kinds of TTs

in the previous wNussalmblee wmae@sulftrs$ cttohenttlheo fnal maasewela
compared and discussed for each case.
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FiguAeuthit of PTC struct

THEORY
Governing equations are as foll ows:
Continuity:

Tné 1
S Tt
T o (
Mo ment um:
”OO Tr] T ‘Té TO n A A (2
T i o TN 00
Tw T Tw T Tw
” ¢ O Té c’?’ (3
00 0 S p
Tw 0qz
Energy:
| T .. 1Ty
— O . Q . . (4
Tw Tw T o
And for turbulence vi 8cous model RNG K is wused [ 5
TNe f A O
: — | — @) - (5
Tw Tw I
T Tw Ta Q Q
where k is defined W@ass tduirsbsuilpeanttd rokhiaBeattited) e eamddf gic,t i ve v
generation of turbulent kinetic energy respectively. Tt
1 1 1 1 )1(‘:’)797‘_ (7

The model ¢pn¥t.aher>s, laGh2 ,1 a8 CO. 0845t atal of heat tra
calculated using:

0 dw Y Y (8
antdhe average coefficient of convective heat transfer i
Q 0F¥6 Y Y (9

I n whyiicsh tThe wal |l averpigse utseentdp efraart us leo vwainmdg Thul k t emp
equations are acquired for determining:
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Reynol ds Number:

YQ Qon (1«
The friction factor:

QNI OB (1:

And the Nussel't Number :

00 "I (1:
Fi ndlhley,mal performandB) is calculated using [5
0 ’
- g]’“— (1
vo Q
The ther mal performance can be used to analyze the o

transfer and atthegfetihetri.on factor

RESULTS AND DI SCUSSI ON

Fiug s hdws a transparent enclosure inclucescstahbggarti c
radiativeai phiedh® man paWwWhieaulratdd amé diea e rpear gy criepdaivae,h gt htehr
i ncident beams are attenuated by scattering and absorp
ot her side.

PHYSI CAL MODEL
Some various models ofaiamsobuberandbeasbéescbkbqdi ppeg wi

modi fied TTs have been investigated during this study.
them perdwtr-@f ¥ dscquuLrn(eS an-dl eanedr withi dw€, cedr ande 3wmm
Geometries are presented in Figure 2. Specifications f
Figure 3. Also, in Table 1 the values related to each c
I i ry
(a) (b) (c) (d)
Arg ﬁ\ r'b ﬁ‘,
(e) (f) (9) (h)
FiguAbs®@drber tubes structures. (a) Plain Tu
Dual Nor mal, (d) Du@, (PfexCfbhulalt)-€ESDuwg 2 Cmbdy a &b,
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FiguSee8i fications for the geometrical de
Tabl\Wallues Rel ated to each of Geometrical Spet¢
L P c d h t j X |e]| f i k g| s n m q b | w

10(25 24 20| 8.

Ny
o
~

$105|2512)1.171293.|10.(3.|1125]|2,

SOLUTI ON SI MPLI FI CATI ON AND BOUNDARY CONDI TI ONS

First o f al | the solution has been assumed at Stea
varies framA®.00DOhd oworking fluid is pressurized water
found in Table 2, as -@rerl d miausm pbraospeedr td lelsoyf,oralNiocyk ed 2 5

selected to be made of.
Tabl®he&r mal Poopeheiwerking fluic

Property Ma_terial
Pressuriz All oy
Ther mal Condulc tiK» = 0.628 16. 3
Density] [kg. m | 9914 8440
Specific Heatl C¥| Cp 4164 505
Viscosity [Pa. sc¢ @) 5.94 10 -
The following assumptions have been used for simplify

1 The outer wall of the absorber is assumed thermally insulated at the areas which it does not receive heat flux.

1 Natural convection effects in heat transfer are neglected.
1 Thermal properties of prasszed water as working fluid and alloy 625 material as the tube are considered
constant.

The governing equations are solved by the commerci a
vol ume method (FVM). The di scr eetrigzyatcioonns eorfv atth eo nmaesgsu,a t m
secomder upwind s cphreenses. urTeh ec ovueplloicnigt yi s over co@audy Sl Ml
cebdased method is used to calculate al lf%fgpradiesntddé. t hlee
continuity, momentumU)anudr emeengye factors (k and
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The fluid temperature

at the inlet i sNaesd Hpmendlat g be
condiAtlisanomai fhoerart f |l ux ¢ihe apsloirder wal | , thebdhertherf | u>
tube i sFisgiomwal ti ns h o u Inaisesb ea snsoutmeedd tthoatbe 600 k Ws.
A~
q”

Heat flux

360
(a)

Fi guNethi form heat flux distribution on absor
the outer surface of the PTC, and (b) the

Grid

I ndependency Analysi s
I'n mesh generations,

inside flow domain
used for

domai n

it was preferred to use quad gri
wer e CcovVverneeds laei st thn dy uTaTdsengar i od swa | Tlhse we
enhmancthegwakbk® wlkiach higher temperatfurewand
, curvature grids wereFugbde The

%
gener ated

grid o

%S 2
O ee iz
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O VS rav AT AVAVAVAY.v. - Y

OK X KIS #‘A VAVAVAVAVATAS 4% 35 "y
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Sy VTN, g NNy, AYavav 5, am v dVava5vs 9B
SRR BEORRASEEN ROt
IR BTSERESOOOEI SAOOR
SPRRERRH INERRERER BROCRR)
RRER [ SRRERREEAN MR SH
RERREH BOCEERRERI BERORERA
YR D AVaway Y < IRKINSEK
KPS MIASIIZORRRISIE  JII ST
il EKIRIORSERIE  EKELK
KA BCRERRSEREN fcRrEre
= a2 POCKE R
8 vawssy B oiayavatann: B BSOS oy 8|
8%e NN s A o ANSTE g8y
B AVAVAVAVA R Ve st Gy gy
SRR AN
SRS AAAANII TS
SRR AT AN AT
SRR TR
2SS RSSO RIS X X
RO 5
{7 i
Y

(a)

(b)
Figum@de5generated grid for

sol ar absorber i

Tests for grid independence were performed for wvario
1150000, t heNuswalintber f wer ahdalt abliéb3d.e¢ dBoymp ariits ocna,n b e
concluded that after reaching 1000000 number of grid
insignificant (smaller than 0. 06 %), thus 1000000 grid
study.
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TablRe SBufl tgsriod i ndependence tests
Number of Gri Nu Deviation in Nu (fr.@¢
720000 cel 384. 3 -3.02
860000 cel 392. 6 -0.91
1000000 ce 396. 2 -
1150000 ce 396. 5 0.06

Val idation of Present Numeri cal Met hod

For checking simulation validity, two cHsesalatber cons|
anfdr i dtaicamr for a plain tube in Reynolds number wvaryin
with Gni el i nsckoir raen@t.P efnhséhipolwes erh t g IFad tgtGede litn shoul d
Gnielinski correlatiuon foamnottabe fusedcfocumehnances,
onl vy, the heat flux was asmswemedrtso flme Wmnisfsed m. nTimd e ma
found to be 4.09% and 2.29% respectively thus it
studies.

In the second case for val iAd at .ied]n & leerx pesawii mtéairtvad of 1 @ svu li
tube fitted with twin twisted tapes are used. The
experimen6h! i s estiibgvilar efMmccor di ngl vy, it can be seen
error bet ween numeri cal and experimental results
met hod i s accurate.

160 0.032

—a— Present Study —s— Present Study

;1507 —-=:=Gnielinski Correlation = T -« - Petukhov Correlation

?1407 ot ]

‘EE‘ 130 ’.,-"’/ € o030
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2907 _’_,-"’ 0.027 4
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FigurCheac king simulation validity wiDth agGn iaevleir
number and, (b)plfaiurceé¢ i wint iaet oF Tfor

150 0.1500
2140 L |'Pff§€ﬂl5imulﬂﬁ0n ﬂEilmsaelnlllﬂlﬂ)l n oasrs | |.Prmrnl‘iimulntinn AFiamsa ct al.(2010) |
g 10T € pazso |
T 120 5 $
2 10} n S 0aizs p
= o
g 100 | g 0.1000 F
2 5
Z 0t n En_osvs-

& 80 = o070 | .
E A
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< 60 | ° ) .

s a | | | 0.0500 — . — .

0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
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Figurvali7dation of present numeri cal-Arrde seitl teble

a

verage Nusselt

number,

tapes.
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I mhe foll owierngi ®@c¢t hgnws aulic and ther mal i mpacts of
wi || be FHiiresetu$ $é¢dstrate changes in flow pattern then
patterNMuoalmber, f randdhieo mafl aptearf,or mance.

|l mpact of Utilizing Normal and Modified TTs on Flow P

Without TT insertion flow in the plain tube has an
especially in higberobReywmnebdds boumbére overall path can

compl etely change the fl ow Piagumprers8e natts lveealsotc iitny asrteraesa
using each of the THi gthseraaeswheéah nhd e@orodi ndguatilo Nor mal T

tubes, swirl flow and vorticities are created in areas
TT pattern in rotations and twists.
I n cases wit h -cpuetrsf, o raahtd aocne n tseqru atrheo u g h due to created

flow has a straight way through TTs rather tha+ swirl.i
with higher c¢clearance width is rlearweak €padvEiBrumth Ebowat
to-CC w=2 -Qumt.s,V on the other hand, induces additional

mi xing and reducing boundary | ayer thickness because f
main i dea bGuWti nNTdTsu.si ng V

FiguiWel 8ci

ty streamlines for absorbe
including

rs
(c)YC,petceflanA-C eiip tChWg V56000 Reyl

| mpact of wutilizing Normal and Modified TTs on Averag

The main reason for wutilizing TTs insertions is to I
using various kinds of TTs on the heat tr anFsifgeurr essnd aav
anfbpresent tNwues sa&\V ¢ r anguemb e r ( Nu) and aveyrager Nussdiftfea
Reynolds numbers (Re) for all the cases, respectively.
(plain tube).
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As shoRng@@me it cawdebethbhanclaat | arger Reynolds number
increases because of the force convection, whether thei
in fluid flow for | arger Reynolrndlsemubndlean g sFCted Tmaixs esuhwi
five studied Reynolds number. For instance, it can be
of case @i TH dwvel mdre than plaine tube (without TT) by

Al so, 9HF gpaiwse t hat by increasing the Reynolds gnumber,
declines. I'n other words, the ther mal effect of the pr
high Reynolds numbers. I't is worth mentioning that the
than 1 wht ltdt memsysrting TT with any kind of geometry
augmentation. The results show that the maxi muf@ ratio
TT in all considered Reyrbel dsse emu dlbnd BFti geudrreRierdt0d W de ,anidt

ratio of average NusseC tTTuarbeermomrfe ctalbseen wtiheh odaisad Wi t h
respectively.
Comparing the Nusselt¢t number forprcawseme rstisn gwiet ho rd waula

reason, as discussed in section 4.1, is higher turbule
includi-ngtsguamlde acreanntceer al l ow fl ow to pass thrfdwgh in
in these cases are not as much as normal TT. As shown
is presented compare to cases with nor mal -CTTIsT.s, Coansp ar
mentioned bebarées hhpgpboeredwuthi |l arger cerCtuer TcTl @ anrseemrdd o\
PTCs induces additional secondary fl ows near the cuts

500 —&— Plain Tube

-® -Single TT -®-Single TT

-&--Dual TT
& -Dual TT i

480 4| ~'¥ Perforated Dual TT 1.20 -+ Perforated Dual TT
-4 Dual V-CTT < -4 Dual V-CTT

--#--Dual S-CTT
460 | -»--Dual C-C TT, w=2mm
--%-- Dual C-C TT, w=3mm

~p-- Dual C-C TT, w=2 mm
--%--Dual C-C TT, w=3mm

4401 1.18 e,

420 4
400 {27

380 1184

360

Average Nusselt Number (Nu)
Ratio of Nusselt Number (N'u.".\[uu)

-
340 4 TTTee--e-
1.14 4 T U )
320 T T T T T T T T
10000 12000 14000 16000 18000 20000 10000 12000 14000 16000 18000 20000
Reynolds Number (Re) Reynolds Number (Re)
(a) (b)

FigOmade Nusselt Number enhancements based on
(a) average Nusselt number (Nu) &mwmd (b)
(0 is repllagtiede t)o t he

|l mpact of Utilmadinfgi NdrTmhs w@mdFri ction Factor
I'n séd¢eihoen,ef fect of TTs configuration on frsi cltODiaon f a
and 10b show the friction fact)orvegrfgusandi ftfheer eardt iRoe ymf

di fferent calstesshauwlsd elcet inveetleyd again that index 0 in re

Genertahlel yf,ri cti on factor for a turbulent flow in a t
number . Heeeroulgénesbabifvtube in all cases is kept con
Reynol ds number here. TT insertions increasehifghecrti on

contact area with ftlrue ds fd aws each db yhigdcakirt ischrealr tsur bul enc
these effects more so the friction factor for them wil/|
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Perforating dual-c@f@s oecrl emakeang dsegquteracegs otnhevi ¢ dhintfd ui d
al so make flow path shorter by decreasi ngwittlei rsch agter aif

flow through the created space, thus it deccetasesntthlre f
ot her hand, create additional secondary flows near cut
cut area, increases the friction factor.

(a) (b)

FigurTehelOf.riction factor alternations based( a)n
friction factor (f), oa@ i(D)r epldadtieeotf)o ftrh

Il mpact of Utilizing Nor mal and Modi fied TTs on Ther ma
The ther mal per f or maEngcuea tiiveth mccahl 3csuhl oawt se dt hbayt uhsiignhger t her
to more heat transfer rate with pewéor maersseuise dnopff O

to analyze the effectiveness of wutilizing a heat trans
can overcome the penalty of enl arging ftrhiertmaln {fercftorrma
(di)s introduced and calculated here to compare the obt
t her mal performance versus different Reynolds number f
thewondout it (plain tube).

As shown in Figure 11, t her mal performance for al/l [
means that wutilizing TT with any kinds of configurati ol
tweb Al so, the |l owest ther mal performance belongs to t1l
factor raonédéi orathoss, however, the ther mal perfor man
better thermah pbefplrmancéeubbk without TT. I n ald t he s
TTs shows highest t her mal performance significantly. |
|l arger Reynolds numbers, &orthestrminction hffadther maat iper

SC TT insert (as the best case) for Re=10000 and 20000
than plain tube (without TT) by aboutorleg damd U12h% icnaps
perforated dual TT (as the case with | owest t her mal p
20000 (as | owest and highest studied Reynolds number)
i mproveenepeécti vely
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