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Abstract

The swirl flow devices like twisted tape, wingbpipove, conical ring, wire coil
etc. have been used as passive heat transfer adgtioentechnique. Especially, twisted
tape devices have been applied in thermal engingesystems such as boilers, heat
exchangers, water heater. Many researches using 8awv devices particularly twisted
tape with different geometries for heat transfeh@mcement have been published. In this
paper, different modified twisted tapes which hagneined in previous studies were
compared with each other with regard to heat transhugmentation. Heat transfer,
friction factor and thermal-hydraulic performancactor characteristics were investigated
separately under the same conditions such as sarstetl ratios and same Reynolds
number values. Twisted tape which gives best maasfer and friction factor results was
determined. Derived empirical correlations whichdhbeen found by researchers were
used for comparison between twisted tapes.

AYNI SARTLAR ALTINDA BORU IiCINDE FARKLI T iP BURGU
ELEMANLARIN ISI TRANSFER 1YILESTIRMESININ
INCELENMESI

Ozetce

Burgu eleman, kanat¢ik, oluk, konik halka, tel safy gibi girdap aks cihazlar
pasif IsI transferi iyilgtirme teknikleri olarak kullaniimaktadir. Ozelliklburgu elemanlar,
kazan, 1sI déstiricisi, su isitici gibi 1sil mihendislik sistembede uygulanmaktadir. Isi
transferini iyilestirmek icin farklh geometrilerdeki burgu elemanl&ullanilan birgok
arastirma yayinlanmytir. Bu c¢alsma kapsaminda daha ©once yapilan gahlarda
kullanilan farkh tasarlanan burgu elemanlar, 1sramsfer iyilgtirmesi bakimindan
birbirleri ile kargilastiriimistir. Benzer burulma oranlar ve benzer Reynoldslaaygibi
ayni kagullar altinda 1s1 transferi, sirtinme faktori vel Isidrolik performans dgerleri
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ayri ayri incelenmtir. En iyi 1si transfer ve surtinme faktoru ggelerini veren burgu
eleman belirlenmstir. Arastirmacilar tarafindan bulunmu tiretilen denklemler burgu
elemanlarin kiyaslanmasi igin kullanikr.
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1. INTRODUCTION

Heat exchangers emerge as the most important eterreenergy-
intensive systems. The main objective of the ensggyor is to make more
work with less energy consumption. For this purpobeat transfer
enhancement techniques are being developed in daolencrease the
efficiency of heat transfer and use of energy. Hemtsfer enhancement
technigues can be classified into two groups; ed@®chniques which need
external power source and passive techniques thabduse external power
supply. Both active and passive techniques haea legercised to increase
the heat transfer in several ways. Heat transfeamtement applications
can be done by methods such as rotating the heegfér surface, placing
turbulators into the pipe to create a turbulenivflapplying vibration to the
heat transfer fluids, creating electrostatic fieldsd rough surfaces, using
fins and elements in different geometries placed the pipe, applying low
frequency vibration to the heat transfer surfac@][1 Twisted tape swirl
generators are most favorable passive heat tramsfemcement devices.

The twisted tape used for heat transfer enhandemenerates
turbulent flow and increases surface area. Theepoes of turbulence
reduces thermal boundary layer thickness betweerstinface of the pipe
and fluid. Because of that the convective heatstarncreases. The twisted
tape performance depending on various parameterte as turbulator
length, hydraulic diameter of pipe, the mass flawey physical properties of
the fluid varies according to the different geonastiof turbulators.

Many researches using swirl flow devices partidyléwisted tape

with different geometries for heat transfer enhameet have been
published. In this paper , different modified twedttapes which had
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examined in previous studies were compared with e#ter with regard to
heat transfer augmentation. Heat transfer, frictfantor and thermal-
hydraulic performance factor characteristics wareestigated seperately
under the same conditions such as same twistamsratid same Reynolds
number values.

2. THEORETICAL ANALYSIS

The experimental data were reduced by using théeowimg
summarized procedure. The energy obtained fronexizhust gases passing
through the inner pipe is equal to the amount it teansferred to water
flowing between two pipes.

MexhaustC pexhaust(Texhau%t - Texhaust) = h’A‘(-I-Walla\,e - Texhausc;,e) 1)

where h is the average heat transfer coefficiens, the total surface area of

the tube WaII,TWa"ave is the average temperature of the pipe wall and

Texhaus. is the average temperature of exhaust gas andctrelpe expressed

as, respectively,
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Average temperature of the pipe wall is an arittneteans of the
temperature values of the five measuring pointhatouter wall surface of
the inner pipe. The mean Nusselt number is defiiyegiquation (4).
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k
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where 0 is the hydraulic diameter for annulus, k is therthal conductivity
of the fluid. Thermal conductivity is calculateaiin the fluid properties at
the average fluid temperature. In addition, theriéys number and friction
factor can be found. Friction factor (f) can becoddted using different
parameters like average velocity, u, pressure lRBs pipe length, L, and
density at the mean bulk temperatye,

AP ®)
P L
2 D

f =

The type of the flow can be defined from the Régaonumber
which is expressed as:

AnDy ©)
u

Re=
where is the dynamic viscosity and um is the averagel fuelocity along

the pipe cross-section.

Thermal hydraulic performance defined as the ratib the
enhancement in heat transfer to the changes obkymeedifferences is
written as,

n= e (7)

where Ny and f are Nusselt number and friction factor in the tuth
twisted tape and Nuand £ are Nusselt number and friction factor in the
empty tube, respectively.
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3. PREVIOUS STUDIES

Many researches using swirl flow devices partidyléwisted tape
with different geometries for heat transfer enhammet have been
published. Helically twisted tapes (HTTS) were exad in an attempt to
heat transfer enhancement by Eiamsa-ard et alTf8. experiments were
performed using HTTs with three twist ratios (y/\0f)2, 2.5 and 3, three
helical pitch ratios (p/D) of 1, 1.5 and 2 for Reilas number between 6000
and 20000.

The conventional helical tape (CHT) was also tefbe comparison.
The obtained results reveal that at similar coadjtiHTTs give lower
Nusselt number and friction but higher thermal perfance factor than
CHTs. Heat transfer rate and friction factor e as the tape twist ratio
and helical pitch ratio decrease, while the thermeiformance shows
opposite trend.

Figure 1. (a) geometries of HTT and CHT and (b)ngetric details of
helically twisted tapes.

The highest thermal performance factor of 1.29 welieved by
utilizing the tape with the largest twist ratio\§#3) and helical pitch ratio
(p/D=2) at Reynolds number of 6000. The geometiekelically twisted
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tapes (HTTs) together with conventional helicalescrtapes (CHTS) are
shown in Fig. 1a and b. The experimental resultBla$selt number (Nu),
friction factor (f) and thermal performance fac{g) were fitted using least
square regression analysis and empirical correlatieere derived.

-0127 -0188
NUu= 0053Re% Pr‘“(%\/) (%) (®)

-0652 -1513
f= 12653Re‘°295(%vj (%) 9)
-0091 0317
n= 3377Re‘°148(%v) (%j (10)

Eiamsa-ard et al [4] also reported the influerafesvin-counter / co-
twisted tapes on heat transfer rate, friction faeted thermal enhancement
index. The tests were conducted using the twin wyumisted tape (CTSs)
and the twin co-twisted tapes (CoTs) with four eliéint twist ratios (y/w =
2.5, 3.0, 3.5, 4.0) for Reynolds numbers range &etw3700 and 21000
under uniform heat flux conditions. The resultsvséd that the CTs are
more efficient than the CoTs for heat transfer esbkanent. Heat transfer
rates in the tube fitted with the CTs are aroun4£24.5% and 17.8-50%
higher than those with the CoTs and ST, respegtiveéhe maximum
thermal enhancement)) obtained at the constant pumping power by the
CTs with y/w = 2.5, 3.0, 3.5 and 4.0, are 1.39,41.2.12 and 1.03,
respectively. The twin counter twisted tape (CTi)l ghe twin co-twisted
tapes (CoTs) were shown in Fig. 2.
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Figure 2. Test tube with twisted tape insertss{agle twisted tape (ST), (b)
twin co-twisted tapes (CoTs) and (c) twin countested tapes (CTSs).

The derived empirical correlations from the expemtal results of
the empty tube fitted with the CoTs and CTs canvhng in term of twist

ratio (y/w), Reynolds number (Re) and Prandtl nuniBe) as follows:

The tube fitted with the CTs (counter-swirl flowrgeators):

-09
NU= 0473Re% Pr°-4(%v) (11)
-101
f= 7229Re‘°53(%v) (12)
-0624
n= 2.8Re‘0016(%vj (13)
The tube fitted with the CoTs (co-swirl flow gentens):
-061
Nu= 0264Re*® Pr““(%v) (14)
-084
f =417 Re‘°52(%v) (15)
-038
n= 182Re‘°°186(%v) (16)
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Gunes et al. [5] experimentally studied the hestdfer and pressure
drop in a tube with coiled wire inserts (Fig. 3pgd seperately from the
tube wall in turbulent regime. The experiments weerformed three
different pitch ratios (P/D =1, 2, 3) and twofdient distances (s = 1mm,
2mm) for Reynolds numbers range between 4105 ad@@®@®y authors.
The Nusselt number and friction factor increaséhwlgécreasing pitch ratio
(P/D) and distance(s) for coiled wire inserts. Theghest overall
enhancement efficiency of 50% was achieved forctiked wire with P/D =
1 and s = 1 mm at Reynolds number of 4220.

Figure 3. The coiled wire inserts with Teflon rifgs 2 mm).

The experimental results of Nusselt number andidn factor for
coiled wire inserts were correlated as given iobel

NU = 0.077156Re>1692pyo4 (%)_0'2534”(%)_0'124382 17)
f =397049 Re_o_%mgs(v )— %1182(y )—0.157719 (18)
' D D

Flow friction and heat transfer behaviour in asted tape swirl
generator (Fig.4) inserted tube were investigatgutementally by Bas and
Ozceyhan [6]. The effects of twist ratios (y/D=25,23, 3.5, 4) and
clearance ratios (¢/D=0.0178 and 0.0357) were dgaml in the range of
Reynolds number from 5132 to 24989, and the typoced (c/D=0) was
also tested for comparison. The Nusselt numbeease with the decrease
of clearance ratio and twsit ratio, also increaS&@ynolds number. Heat
transfer enhancement tends to decrease with thease of Reynolds
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number. The highest heat transfer enhancement gasvad as 1.756 for
c/D =0.0178 and y/D=2 at Reynolds number of 5183.

Figure 4. The twisted tapes inserts with teflonsing

The experimental results of Nusselt number, fiictiactor and heat
transfer enhancement for the tube with twisted taperted were correlated
depending on twist ratio (y/D) and clearance r&ti®) as follows:

-0.443989 —-0.055072
Nu= o.4069032e°'586556pr038(%) 7 D) -
-0.730772 —
f = 6544298 e—o.452035(%j (%) ) 01579 (20)
) -0.18351 0.009558
71 =9.75018Re 0'”7983”038(%) ol )

Promvonge et al. [7] investigated turbulent comivecheat transfer
characteristics in a helical-ribbed tube fitted witlin twisted tapes
experimentally (Fig. 5). The experiment was carreed in a double tube
heat exchanger using the helical-ribbed tube hawirgingle rib-height to
tube-diameter ratio, e{l> 0.06 and rib-pitch to diameter ratio, R#0.27
as the tested section. The insertion of the dotwisted tapes with twist
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ratio, Y, in the range of 2.17 to 9.39 was to aeartex flows inside the
tube. Experiments were carried out for the Reynaldsber of about 6000
to 60000. The experimental results revealed thatcrswirling inserted
tube performs much better than the ribbed/smodbe @ione at a similar
operating condition. The co-swirl tube at& yields the highest thermal
performance at lower Reynolds number (Re).

a)

Figure 5. Details of (a) double twisted tapes djch€lical-ribbed tube with
double twisted tape insert.

The empirical correlations developed for the cadswbbed-tube
with double twisted tapes are;

Nu = 0.238Re™?" Pr3(y) % (22)
f =31675Re *(Y) **® (23)

Gurlek [8] investigated influences of turbulatoes V-winglet
twisted tape (Fig. 6) on the heat transfer rate) (Niction factor (f) and the
thermal hydraulic performancen)( in concentric tube heat exchangers
experimentally and numerically in the doctoral tee$he experiments were
conducted using twisted tapes with four pitch mi{BR = 2.88, 3.33, 4.44
and 5.55) for Reynolds number ranging from 7000 E@D0. The best heat
transfer value and the highest friction factor ealvere obtained by using
V-winglet with 130 mm pitch distance. However twidttape with 250 mm
pitch distance provides a higher thermal hydrap&cformance value than
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twisted tape with 130 mm pitch distance which aqgeosed to the dominant
effect of the friction factors.

Figure 6. Velocity vectors at V-winglet type twidte@ape

Emprical correlations for friction factor (f) aMusselt number (Nu)
were derived by using the results obtained fromeexrpental studies.
Corelations were derived for the tube fitted withwihglet twisted tape in
the range of Reynolds number between 7000 and 1&00@ur different
pitch distances seperately as follows:

Nu = 0,6437Re*8pr %77 PR =288
f = 1402Re %9¢ (24)

Nu = 0,6769Re%¥1¢ Py~ 1616 PR =333 (25)
f = 5414Re™ %%

Nu=0,7351Re**2pr®* PR =4.44 (26)
f = 1162Re %22

Nu = 0449Re%?°! py~ 04494 PR =5.55 (27)
f — 431,1Re_08296

4. RESULTS
The experimental results of heat transfer, frictiactor and thermal
hydraulic performance in a tube fitted with varidugbulance generators in

previous studies were compared in this section. rivBg@ empirical
correlations for each turbulator generator wereduser comparing.
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Common variables were taken into considerationnwim@king this
comparison. The calculations were conducted usiagvedd empirical
correlations for ten various turbulance generawath common twist ratio
(y/D = 2.88). The calculations were performed fidfedent the flow rates in
the range of Reynolds number from 7000 to 1500@s Reynolds number
range was chosen for involving in all previous stsd

Relationships between Nusselts number and Reymuldsber in a
tube fitted with ten various turbulance generatme shown in Fig. 7. In
this figure, turbulance generators were compareth ether. According to
the general trend, the Nusselt number increasds imireasing Reynolds
number. High values of heat transfer rates arerobd in high Reynolds
numbers. The highest Nusselt number value was \aghie/ith V-winglet
twisted tape which is applied by Gurlek [8] at Relgs number of 7000.

100
> /
80 ¢ —+—Ref[3], (p/D)=2
—1—% —m—Ref(3],(p/D)=1
70 —a—Ref[4],CTs
2 60 ——Ref[4],CoTs

——Ref[5],s=1mm

50 —e—Ref[5],5=2mm

40 —+—Ref[6],CR=0.0178
—&—Ref[6],CR=0.0357

20 Ref[7]
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Figure. 7. Effects of the ten various turbulanceegators on heat
transfer
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On the other hand the twin counter twisted tap@&sjCwhich is
applied by Eiamsa-ard et al. [4] provided highesdthransfer rate in all the
turbulance generator models at higher Reynolds eawdllues. The lowest
heat transfer rate was obtained with the wire isseshich is studied by
Gunes et al [5]. The reason of this, special genmshaped twisted tapes
produce rotational motion, stronger swirl intensitynger fluid travelling
distance and a better tangential contact betweefittl and the tube wall.

0,6

0,5 \
\\* Ref[3
0,4 .\‘\\‘M‘_‘ —=—Ref[3

+ 0,3

, p/D=2
, p/D=1
,CTs

, CoTs

, s=1mm

, $=2mm
, CR=0.0178
, CR=0.0357

0,2

0,1 -

Figure 8. Effects of the ten various turbulanceegators on friction
factor

Fig. 8 shows the variation of the friction factdy with Reynolds
number (Re) for ten different turbulance generatodels. In the figure, the
friction factor value tends to decrease with therease of Reynolds
number. The lowest friction factor is observed withisted tape swirl
generator with clearance ratio of 0.0357 which ppli@d by Bas and
Ozceyhan [6] while the highest friction factor ibtained with helical-
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ribbed tube fitted with twin twisted tape whichapplied by Promvonge et
al [7].

Fig. 9 presents the variation of the thermal-hyticaperformance
(n) at the same pumping power with Reynolds numbersio different
turbulance generator models. The effect of Reynaldsber indicates the
level of efficiency of the twisted tapes. The thatrmhydraulic performance
decreases with increasing Reynolds number. Themmeaihce values under
the critical value ,1, is observed with helicallyisted tapes [3] at all
Reynolds number. This results explains that héyidalisted tapes are not
efficient in terms of thermal and hydraulic perfeamee. The values of
thermal hydraulic performance obtained from usirgyious turbulance
generators are in the range of 0.73-1.39 deperahingeometric properties.
According to the result twisted tape swirl generatgh clearance ratio of
0.0357 which is applied by Bas and Ozceyhan pravile highest thermal
hydraulic performance values.

1,5
14 -
1,3
1,2
=11
| | e x —+—Ref[3], p/D=2
T, —RefBlppa
0,9 +— Ref[4], CTs
—<—Ref[4], CoTs
0,8 ‘4\1-___.:.‘.*._._. —¥—Ref[6], CR=0.0178
—=—Ref[6], CR=0.0357

0,7

'\,@@ \:\9@ \"’0@ \?’Q@ \,"9@ @"Q@
Re

O H O
)
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Figure 9. Effects of the ten various turbulanceegators on thermal-
hydraulic performance
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5. CONCLUSIONS
Obtained results can be summarized as below:

1. According to the general trend, the Nusselt nunibereases
with increasing Reynolds number.

2. The twin counter twisted tape (CTs) provided highksat
transfer rate in all the turbulance generator nedal high
Reynolds number values.

3. The friction factor value tends to decrease with ithcrease of
Reynolds number. Helical-ribbed tube fitted withinwwisted
tape provides highest friction factor value.

4. The thermal hydraulic performance decreases witheasing of
Reynolds number. Twisted tape swirl generator witarance
ratio of 0.0357 provides the highest thermal hyticau
performance values.
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