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Influences of Variation in Geometry of Tape Ingart
Thermal Performance and Fldharacteristics In
Tubes

[Taiwo O. Oni and Manosh C. Paul]

Abstract—This paper presents the results of the numerical
investigation carried out on different tube designgdo assess the
impacts of variations in the geometry of the twisté tape on heat
transfer, friction factor and thermal performance of water inside
the tubes. Alternate-axis triangular cut twisted tgpe was
considered and its pitch and width, as well as thperimeter of
the cuts on it were varied. The walls of the tubewere subjected
to a uniform heat flux condition. The results of tre investigation
revealed that the thermal performance of the tube dsigns
improved with an increase in the width of the tapeand an
increase in the size of the cuts on the tape butrdinished as the
pitch of the tape increases.
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.. Introduction

Due to the ease of installation, low cost and
maintenance, the use of twisted tape inserts hasne a
reliable technique for promotion of heat transferZ]. These
techniques have found various applications in thecess
industries (air-cooled finned tube heat
automobile industries (radiators and internal leea@hangers)
and residences (radiators, refrigeration
condensing central heating exchangers) [3-5]. Tisted
tape generates a swirl flow which induces turbutenear the
wall of the tube. This increase in the turbulenemsity near
the tube improves fluid mixing in the tube and dueily
leads to enhancement of heat transfer [2-6].

Some researchers have investigated the roles played

twisted tape in its application in heat transfed &ney have
made it known that the shapes of cuts made ondape to
modify them (the tape) has effects on the heatstesn
promotion. Murugesan et al. [7] produced a trapgedetut
twisted-tape insert and later [8] fabricated a tedstape
insert with square cuts. Chiu and Jang [9] repooted
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exchangers

systemsd al

longitudinal strip insert with holes, Cui and TigiO0]
fabricated an edge-fold twisted tape and Changl.ef11]
formulated a serrated twisted tape. These resaareisewell
as the findings from the other works indicated ttiet heat
transfer produced by tubes induced with these remtif
twisted tapes is higher than those produced in tthmes
without a twisted tape.

The present work is carrying out simulation on etiént
tube designs with twisted tape having differentrgetsies in
their pitch, width and size of cuts made on thehre &im is to
examine the effects which the variations of thesengetries
have on the heat transfer in the tubes.

. Geometry of Flow Models

Seven different flow models are considered in stigly.
Each of them consists of a tube induced with atedisape.

loWThe tube is 2000mm long and 19mm in diameter aadape

runs through the entire length of the tube. Eacltheftapes
has alternate axes and equilateral triangularauthiem. The
tape in each of the flow models is different fromecanother

Jn width (W), pitch §), length of a side of the triangular cs} (

and perimeter of cupj as demonstrated in Fig. 1 and Table I.

"The tapes are named as alternate-axis triangutatwisted

tape (ATCT) while the flow models are referred ® tabe
with alternate-axis triangular cut twisted tape {IGY).

m. Mathematical Formulation

The flow is assumed to be steady, and incompressibl
Newtonian and they are governed by the three-dirorak
Navier-Stokes equations [12]. Turbulent flow is siolered
and the appropriate models are applied to deterrtige
unknown variables in the RANS (Reynolds Averagedidla
Stokes) equations as discussed below.

A. Navier-Stokes Equations

The Navier-Stokes equations [21, 22] are given as
(a) Continuity equation:

V.V=0 (1)

(b) Momentum equation:

v
p oyt V-(VV) = —VP + V.u(WV) @)



(c) Energy equation:

pCy (
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—+ V.VT
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) = V. (k.VT)

whereT is thetemperature, p ithe dynamic viscosityP is
the pressurek is the thermal conductivity is the density
and Cp is theheat capacity at constant pressure.

B. RANS Equations
The RANS equations [13, 14] are written as

(@) Mass conservation:

d
%, (u;) =0 4)

(b) Momentum equation:

b _ aﬁ+a [T p— 5)
P Dt - 6.76,: ax] uax] pulu]

(c) Time-averaged energy equation:
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iv. Turbulence Modelling

The turbulence models used for the simulation are
discussed below.

A Standard k — € Model

The standard — e model [15] is based on turbulent
kinetic energy ) and dissipation rate of turbulence kinetic
energy £). The transport equations [14] are given as:

(@
—> 72mm _ a a d K\ Ok
- s 700+ a0 = (ke | )
Figure 1. Geometries of the alternate-axis triangular custed tape of ; 7 L
() TATCT, (b) TATCTw1, (c) TATCTw2, (d) TATCTalef TATCTa2, +G, —pe—Yy +S5;
() TATCTy1 and (g) TATCTYy2.
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TABLE I. DESCRIPTION OF THE VARIOUS GEOMETRIES OF THE L I3 & (8)
ALTERNATE-AXIS TRIANGULAR CUT TWISTED TAPE(ATCT) USED FOR THE € €
DOMAINS OF THETATCT +Cie EGk’ —Che p - + S,
Tape Geometry The turbulent viscosity ) is modelled as
w (mm) y (mm) s(mm) p (mm)
ATCT 18 54 11.42 34.26 K2
=nC, —
ATCTwl 15 54 11.42 34.26 He =Py ©)
ATCTw2 13 54 1142 34.26 whereG, is the generation of due to the mean velocity
ATCTal 18 54 9.00 27.00 gradients;Cy¢, C,¢, C3. are model constants;,, ando, are
ATCTaz 18 54 6.00 18.00 the turbulent Prandtl ngmbers far and ¢ respectively;
S, and S, are user-defined source terms. The model
ATCTyl 18 36 11.42 34.26 constant areC;, = 1.44,C,, = 1.92, ¢, = 0.09, o, = 1.0,
ATCTy2 18 72 11.42 34.26 o, = 1.3 [14].




B. RNG Kk — € Model

The Renormalization Group theory (RNG) model
[16] has model transport equations foande. Its transport
equations [14] are

9 00+ Loy = 2 o
ot PO T G W) T G | MM By,

(10)
+G, + Gp — pe — Yy + S
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ot P ax, T o | "M By
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wherea, anda, are the inverse effective Prandtl numbers
for i« ande respectively(;, = 1.42,C,, = 1.68,C,= 0.0845,
o, =0.7194 and.= 0.7194 are model constants [14].

v. Boundary Conditions

Turbulent flow with Reynolds number between 5000
and 20000 were considered. A uniform heat flux éoord
is applied to the surface of tube wall and it ibjsated to a
no slip condition, i.eu; = u; = u, = 0.. A velocity and
temperature of 3K are specified at the inlet of the tube.
The turbulence intensity, is given by the expression in
equation (14). At the outlet, the gauge pressuirset to
zero, a backflow temperature is specified.

— —0.125

whereRe = Reynolds number andl = tube diameter.

vi. Numerical Technique

The governing partial differential equations niem¢d
above are solved by finite volume method. The datmn
of pressure and velocity [13] was coupled by theniSe
Implicit Pressure Linked Equations (SIMPLE) algonit.
Fluent [14] was used to obtain the iterative solutof the
equations. Grid independence tests were conductetthen
domains. As provided in Table Il, the domains TATCT
TATCTy1, TATCT,,, TATCT,, TATCTa, TATCTy,,
TATCT,, become grid independent at cells 2515756,

TABLE II. GRID INDEPENDENCE TEST FOR VARIOUS DOMAINS OF
TATCT

Domain Cell

TATCT 1658638 2515756 3018907
TATCTwl 947018 1042326 1904321
TATCTw2 810424 939615 104558
TATCTal 944241 1154115 1301128
TATCTa2 879649 1038263 1271045
TATCTyl 1002701 1247268 1381714
TATCTy2 1106413 1349955 1484286

1042326, 939615, 1154115,
1349955 respectively.

1038263, 1247268 and

vi. Results and discussions
The computational results are discussed in thiscsec

A. Contour of Temperature

The temperature contour for the different tube glesi
can be found in Fig. 2. Frames (a), (b) and (cwmslioe
tubes with tape widthw = 18mm, 15mm and 13mm
respectively. The tube witlw = 18mm provide better
temperature distribution than that with=15mm and 13
mm. This is as a result of more efficient mixingide the
domain. As the perimetep) of the cut is reduced from
43.26mm (frame a) to 27mm (frame d) and 18mm (frame
e), the thermal boundary layer grows thinner and th
temperature distribution is affected. When the Ipifg) is
reduced from 54mm (frame a) to 36 mm (frame f), the
temperature distribution improves but reverse s thse
when it is increased to 72mm (frame g).
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Figure 2. Contour plots of static temperature (K) for the dims of
(a) TATCT, (b) TATCTu1, (C) TATCTue,(d) TATCTz, (€)
TATCTa, (f) TATCT,, and (g) TATCT,for Re=20000.



B. Impacts of the Variations in the
Tape Geometries on Heat Transfer

The heat transfer is expressed in term of Bltiss
number. The effects of the variations in the geoieetof
the tape on the heat transfer are presented Fitheheat
transfer decreases with decreasing width. Thiseisabse
the domain with the largest free space (TAT,&Tbetween
the tube wall and edge of the tape generates tlakase
swirl flow, but the domain with the highest tapedthi
(TATCT) creates the strongest swirl, resulting ffeetive
transfer of heat across the layers of the fluidse Nusselt
number with tape geometry withh = 15mm (TATCT,.)
and 13mm (TATCJ,) are 6.1% and 8.9% respectively
lower than that withw = 18mm (TATCT). It decreases
with the decrease in the perimeter of cuts on dpe.t The
tape with smallest perimeter of cut therefore inplywest
disturbance to the flow between the wall tube adgeeof
the tapes and correspondingly gives the lowest @&luss
number. The Nusselt number for the tape vaith 27mm
(TATCT,) and 18mm (TATCT) are 2.5% and 7.9%
respectively lower than that for the tape witkr 34.26mm
(TATCT). When the pitchy) decreases from 54mm to
36mm the Nusselt number increases but decreasestivbie
pitch increases from 54mm to 72mm. The tape with
72mm (TATCT,,) suffers a reduction in heat transfer rate
of 3.4% of the tape with = 54mm but the twisted tape with
y = 36mm (TATCT) enhances heat transfer rate up1862
over that of the tape with= 54mm (TATCT,).

c. Impacts of the Variations in the

Tape Geometries on Friction Factor

It can be seen in Fig. 4 that as the tape widthedeed
fromw = 18mm (TATCT) to 15mm (TATCJ.) and then to
13mm (TATCT,;) the friction factor also decreased. The
value of the friction factor whew = 18mm decreases by
5.9% as compared with that when w = 15mm but deeea
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Figure 3. Effect of variations in tape geometries of TATCT uasselt
number vs. Reynolds number.
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Figure 4. Effect of variations in tape geometries of TATCT on
friction factor vs. Reynolds number.

by 8.6% whenw = 13mm. The friction factor decreases as
the perimeter of the cut decreases. This is becthse
additional dissipation of pressure of the fluid ®aa by the
fluid disturbance due to the presence of cuts entdpes
resulted in an increase of interaction of the presgorce
around a velocity boundary layer. The friction €astof the
tape withp = 27mm (TATCT4) and 18mm (TATCY,) are
found to be lower than that of the tape witlr 34.26mm
(TATCT) by 2.3% and 7.5% respectively. It is inged
with the pitch decreasing. The friction factorsabed with
the tape withy = 36mm (TATCT,) and 72mm (TATC})
are 2.2% higher and 3.2% lower respectively thaat th
obtained in the tape with= 54mm (TATCT).

D. Impacts of the Variations in the
Tape Geometries on Thermal

Performance Factor

The possibility of a twisted tape in promoting hea
transfer is measured by thermal performance faefpf8,
10], which is expressed as

n = Nu/Nu,
(f/f;;)l/s‘ (13)

whereNu, andf, are the Nusselt number and friction
factor respectively of plain tube.

As demonstrated in Fig. 5, the thermal perforoe
factor increases as the tape width and perimeteutsf on
the tape increase but decreases as the pitch ofafie
increases. The performances got from the tape with
15mm (TATCT,1) and 13mm (TATCY,) are 1.4% and
3.3% respectively lower than that of the tape with=
18mm (TATCT). With the tape with = 27mm (TATCTy)
and 18mm (TATCY,) the performance factors are 1.1%
and 3.1% respectively lower than that wjghe 34.26mm
(TATCT). The performance in TATG] (y = 36mm) is
enhanced up to 1.1% over that of the tape with54mm
(TATCT) but with the tape witly = 72mm (TATCTy2) the
thermal performance diminished by 1.3% comparedh wit
that of the tape with y = 54mm.
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Figure 5. Effect of variations in tape geometries of TATCTtbermal
performance factor vs. Reynolds number.

vii. Conclusion

In this study, the effects of variation in tapeerson
heat transfer and thermal performance charactegigt a
tube flow were investigated. It was discovered tha heat
transfer and thermal performance increasing thehwéehd
the size of the cuts on the tape is favourablehto heat
transfer enhancement. Increasing the pitch of #yee t
resulted in the reduction in the performance ofsysem.
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