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Augmentation of laminar flow heat transfer in annular flat tubes by

means of helical screw-tape inserts in the inner tube
dndacun A 3330 pud a PIA I (i puad 51 oAl JUESH Cppand
488000 5 gulall Jala AhlA Sy g3l day i e Ny pladauly

E. Z, Ibrahim*
Associate Prof.-at Mech. Power Dept.,
Faculty of Engineering, Zagazig University, 44519, Zagazig, Egypt
Tel. +205523625306, Fax. +20552304987

HLITW |

Oy s—ale (313 SSEYH Jalaay 5y yadl S ailiad dud 0 i) 136 b
3—.-§c}nd51=)iihmama!himjhmﬁebjemdmom
saa o alla JS 3 W o Adgh il pasiad Lady (A0 Hhd ) sas) gl
e 548 Al elay 5 elo pasiud a1 Adlide dagy Aa0aY 5 ) gulall Jala
iy a6 sae cabat colal L il A a5 Adalal 5 pulad b ii%uw
sobal Jal o bl by pdll patbad i maiad 5.0V Y e

. IS Jalra g
.m_d, Y5 S 520 s fSiaY Jalaay 5 gall QUi Jalas of el <yl
Jiae1 pe & il Cas IS5 2y ol ypud gall po Aadasadl) ypuad gl & jlEa 5
ol oA Y 5 a8 il oy iy L Ay Al g sal] ZE LY

. il 33¢) Aslea

Accepted August 10, 2009.



M. 45 E. Z. Ibrahim
ABSTRACT

The heat transfer characteristics and friction factor in. horizontal double
pipes of flat tubes with full length helical screw element of different twist ratio
and helical screw inserts with different spacer lcn_gth are investigated. Cold and
hot wager are used as working fluid in tube side and shell side respectively. The
experiments covered a range of Reynolds numbers 5:7* 10? <Re < 1.31*10°. The
effect of spacer length and twist ratio on the heat transfer augmentation and
friction factor on heat transfer have been presented separately.

The study shows that, Nusslet number (Nu) and friction factor ( f) decrease
with the increasél of spacer length (S) and twist mﬁo (Y) for flat tube: The
comparison between the data of present plain circular tube with that of previous
plain circular tubes showed good agreement but the data of present plain flat
tube showed a higher in heat transfeI" and pressure drop than that of plain circular
tube. The correlations of average Nusselt number and friction factor with Re, S
and Y are presented.

Keywords: Heat transfer, laminar flow, flat tubes, helical screw-tape inserts
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NOMENCLATURE

A¢  Tube cross section area,

Cp:  Specific heat capacity at
constant pressure, KJ /Kg K

d : Diameter of the rod , mm

De: Equivalent diameter, m
L: Lengthof tube, m

h:  Heat transfer coefficient,

k:  Thermal conductivity,

m:  Mass flow rate, Kg/s

Nu: Nusselt number.

AP: Pressure drop, N/m®
Pr: Prandt] number

V:  Volume of water, m®
Q:  Heat transfer, Kw

Re:  Reynolds number.
- T:  Temperature, K

At Logarithmic mean
temperature, K

S:  Spacer length, mm

v:  Velocity of watér inside
tube, m/s

y:  Twistratio.

v:  Kinematics viscosity of
wdter, m/s

Me:  Viscosity of fluid at bulk
temperature , Kg/m.s

My:  Viscosity of fluid at wall
temperature, Kg/m.s |

p:  Density of water, Kg/m’

f:  Friction factor

x:  The ratio between S/d.

Subscripts
c: cold
h: hot
i inside
o:  outside
s surface
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INTRODUCTION

The technique of improving the
performance of heat transfer system is
refered  to  as  heat  transfer
augmentation or intensification. This
leads to reduce the size and cost of the
heat exchanger. Among many types aof
heat exchangers, those constructed
circular pipes have been used in many
industries. In such a situation, the cr?)ss
section of a pipe becomes a flat tube.

Heat transfer enhance technology
has been developed and widely applied
to heat exchanger applications; for
example, refrigeration, automotives,
process industry, chemical industry etc.
Heat augmentation techniques play a
vital role for laminar_ flow, since the
heat transfer coefficient is generally

low in plain tubes. Insertion of twisted

tapes in tubes is one such augmentation

technique. These details are discussed
by Bergles [1,2] .

In the compound technique, two
or more of active or passive .teéhniques
may be utilized simultaneously to

produce an enhancement that is much

'.higher than that of the techniques

operating separately as presented by
Yilmaz et al [3 and 4]. Ray and Date
[5] studied numerically characteristics
of laminar flow and heat transfer
through square duct with twisted tape
insert. The results showed that, for a
fixed Reynolds number, the friction
factor and Nusslet number increases
with the decrease in twist ratio.

Rooyen and Kroeger [6]
observed that, for laminar swirl flow
heat transfer in a smooth tube subjected
to axially constant tube wall

temperature, the heat transfer rate

increases considerably for a moderate
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increase in pressure drop. Local
convective-condensation measurements
for four refrigerant fluids: R134a,
R410A, R125 and R32 in a micro-fin
tube were presented by kedzierski and
Goncalves [7]. This research showed
that R32 exhibit the highest heat
transfer performance due to its high
thermal conductivity.

The turbulent mixed convection
in a horizontal circular tube provided
with inserted strip has been studied by
Hsich et al [8]. Sarma et al [9] proposed
the generalized correlations for
preciicting ﬁiction factor and
convective heat transfer coefficient for
twisted tapes in a tube., Reasonable
agreenﬂ:ent was obtained from the
comparison between the predicted
results and the measured data.

Fahed et al. [10] compared the

pressure. drop and heat transfer

coefficients obtained from a plain micro
fin and twisted tape inserted tubes.
Sarma et al [il] presented a new
approach for predicting the convective
heat transfer coefficient of a tube
equipped with twisted tape at different
pitch to diameter ratios. The predicted
results were compared with empirical
correlations. Kumara and Prasad [12]
studied the heat transfer in a solar water
heater with twisted tapes inserts.
Zimparov [13, 14]
experimentally studied the heat transfer
and isothermal friction pressure drop in
two single-start and three-start spirally
corrugated tubes combined with five
twisted tape inserts with different
relative pitches. Ebru [15] smdjed the
effects on heat transfer, friction factor
and dimensionless exergy loss by
mounting helic;,al wires of different

pitchs in the inner pipe of heat
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exchanger. This research shows that, an

augmentation of up to 2.64 times ih
Nusslét number and friction factor was
about 2.74 times compared to the empty
pipe.

Several investigations were carried
out to determine the effect of the coiled
wire or ‘the twisted tape elements on
heat transfer and friction factor for a
long time [16—18]. This is because the
wire coil or twisted tape inserts ini a
tube creates swirling flows that modify
the near wall velocity profile due to the
various vorticity distributions in the
vortex core. The fluid mixing between
the tube core and the near wall region is
enhanced because of the swirl induced
tangen';ial flow velocity component.
However, accompanying with the swirl
induced heat transfer enhancement, the

shear stress and pressure drag in a tube

with the coiled wire or twisted tape

insert are accordingly increased.

Using compound turbulators,
Promvonge and Eiamsa-ard [19-21]
investigated the effects of the conical-
nozzle, conical-ring or V-nozzle
together with a swirl generator
(decaying swirl) on heat transfer and
friction characteristics in a uniform
heat flux tube and found that for using
both enhancement devices, the ihcrease
in. heat transfer rate is about 20-50%
for twist ratio, and regularly spaced

helical screw inserts with different

spacer length.

The purpose of the present paper
is therefore, two folds: _(i) to provide
reliable correlations for both frication
factor and Nusslet number angl (ii) to
study the heat transfer and friction
factor characteristics of laminar flow

through a flat tube fitted with full
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length helical screw twisted tap inserts
of various twist ratio, and regularly
spaced jhelical screw inserts with

different spacer length.

EXPERIMENTAL APPARATUS

The experimental set-up consists
of a counter flow double pipe heat
exchanger and water flow system with
its accessories. As shown in Fig. 1, the
hot water circuit is arranged as; hot
water storage tank that provided with
multiple electrical heaters  with
rheostat, a 0.5 hp centrifugal pump,
flow meter, piping system with suitable
vaI\;es and the inner tube of the heat
exchanger. The storage tank was
perfectly insulated by 50 mm layer of
glass v.vool and covered by galvanized
steel sheet. The tank was fitted with
suction, return and vent pipes. The vent

pipe has two functions, to ensure that

the storage tank is filled continuously

with water to save the heater elements
and to prevent the accumulation
pressure inside the storage tank that
may result from temperature rise or
back pressure. All hot pipes were
insulated with suitable insulation
thickness and secured with galvanized
steel cover. Cold water is supplied from
city water passing, via a cold water
tank, through the calibrated flow meter
to the inside tube of the heat exchanger.
Therefore, the cold water flow rate
could be changed while the h(;t water
flow is constant and controlled by the
bypass system using the back flow

branch and the regulating valve shown

in Fig, 1.

Two sets of tubes are used in the
present experiments, circular tubes and
flat tubes with the same surfaces area.
For the set of circular tubes, the outer °

copper tube is 63.5 mm in diameter
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with a thickness of 2 mm while the

inner copper tube is 38.1 mm, inside
diameter with a thickness of 2 mm and
both of them have a length of 1500
mm. Eor the second set of double
tubes, which is flat tubes, the outer
copper flat tube has a major axis of

68.94 mm and minor axis of 53.94 mm

with 2 mm thickness. The inner copper

flat tube has a major axis of 42 mm and
a minor axis of 30 mm with a thickness
of 2mm{ The helical screw-tapes with
different geometries are inserted
separately inside the inner flat tubes.
The. helical iape inserts with various
twist ratio is made by winding
uniformly a strip of 6.5 mm width over
a 6 mm rod to make a helical tape is
swirl for flow. The geometrical
copﬁguration of helical screw-tape is
shown in Figs.2. The helical screw-tape

inserts have different twist ratios and

different spacer lengths. The twist ratio

“Y" is defined as the ratio of length of
one twist to diameter of the twist and it
is varied from 2.17 and 5 to give Y =
2.17, 3.33, 4.3, and 5 respectively as
shown in Figs.2. This range was
selected with reference to very widely
reported literature [22] value between 2
and 7 for twisted inserts. In addition,
the helical tape inserts with spacer -
lengths 160mm, 200mm, 300mm, and
400mm are used at constant Y in each
run. The outer tube is perfectly
insulated with glass wool of 40 mm

thickness to minimize the heat loss.

Nine T-type thermocouples,
previously calibrated, were inserted in
test section and distributed regularly.
They are used to measure cold water,
hot water, and wall temperature at inlet,
mid and exit of the test section, in

addition to the hot water in the storage

tank. The pressure drop across the inner
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tube was measured by using U- Tupe
manometer. When  steady state
condition is established, the water flow
rates, the pressure drop and all

thermocouple temperatures have been

recorded.

UNCERTAINTY ANALYSIS
The uncertainties in the present

experimental results depend upon
the accuracy of the individual
measuring instruments and the
manufacture accuracy of the flat
tubes. Its minimum division (its
sensitivify) limits the accuracy of an
instrument. The uncertainties are
estimated based on the differential
approximation, The uncertainties are
estimated based on the differential
approximation method. For a typical
experiment the uncertainties of
terhperat"iue is 0.1 °C, the pressure
uncertainty of about +2 %, the

flat tubes surface area is 3%, and the

flow rate is 2 %, as well as those of
geometrical parameters and
consequences their physical
parameters, the uncertainties of the
average Nusselt number, friction
factor and Reynolds number are

estimated as a maximum of 3.2 %,

28 % and 4.1 % respectively.

DATA REDUCTION

Using water on both sides of the
heat exchanger can perform with
reasonable temperature difference
between the hot and cold sides. The
flow velocities and the Reynolds
number are calculated from the
measured flow rates based on the -
equivalent diameter. The tube
equivalent diameter is calculated from

the volume of water required to fill a

given length of tubing as follows:
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Deq = (4V/rL) *°

(1)

The tube cross-sectional flow area A,, 1s

calculated by using the tube equivalent

diameter (A, = ©D%,/ 4).

Reynolds number is calculated inside

tubes as:

Re =(v D¢ /v)

)

i
e .
The mean flow velocity inside tube is

given as:

v=(m¢/(p1tDzeq/4)

€)

The heat transfer rates of the two fluid

streams are calculated as:

Q.=m, Cpc (Teo - Tci)

4)

Qn =my Cop (Thi — The)
(%)

The average heat transfer coefficient for
inside tube, h,, is calculated from the

following equation:

he=Q./ (7 Deq L Atre)

(6)

Where At is the logarithmic mean

temperature difference defined as;
At = [((Tei — Tsi) = (Teo~ Te0)) /

(ln (Tci - Tsi ) / (Tco - Tso))]

The average Nu number is calculated

based on the equivalent diameter as:

Nu=h, Deq/ ke

)
The friction factor is calculated using
Darcy's equation at Hewitt [16] as:
f=(Deg/L) (AP/2p v?)
@)

Where AP is the pressure drop over

length L
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RESULTS AND DISCUSSION

Results _of average Nusselt number
(Nu):

Preliminary experiments have
been pefformed on a smooth tube to
check out the results with empirical
correlation proposed by reference [ 23].
This correlation is stated as:

Nu=1.86 [Re Pr

DL [/ps]® ©)
The experimental Nu results of plain
flat tube are compared with the plain
circular tube and the previous Eq. (9) of
circular tube as shown in Fig. 3. This
ﬁgu;e rei:resents the wvariation of
average Nusselt number (Nu) with
Reynolds number for the three cases.
The Niqs of the present experimental
results of the plain flat tube are higher
than that of plain circular tube while
that of plain circular tube are found to

agree within 6 % with the previous

Bq.(9) of plain circular tube

approximately.

Figures 4 through 7 show the
relation of Nu with Re of plain flat tube
and a flat tube with inserted swirl sheet
of different ¥ and S. These figures
show that Nu increases with the
increase of Re but it changes
dramatically with ¥ and S. The same
general shape of curves can :ne seen
from these figures. In addition, these
figures show that all Nu results of the
flat tube with inserted swirl sheet with
different S and Y are more than that of
plain flat tube.

The effect of Y on the Nu-§
relation at a constant of Re = 1297 is
shown in Fig. 8. . This figure shows
that Nu decrease with the increase of S
and Y. This can be explained, that the

behavior of flow inside the flat tube

with the inserted swirl sheet 1s affected
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by increase of S or Y. The increase of 'S

or Y leads to decrease in turbulence
intensity of the flow inside the flat tube
with the inserted swirl sheet and in turn
a decrease of Nu. Thus, insert the
helical screw sheet inside tube make
swirls fo the flow and generates
periodic disruptions to the development
of the viscous boundary layer. This
distmbaﬁce of the main flow and the
viscous boundary layers in the helical
screw insert inside tube enhance the
heat transfer.
Results of friction factor ( £):

Preliminary experiments have
been performed on a smooth tube to
check out the results with the empirical
correlations that proposed by reference
[23]. This correlation is stated as:

f=64/Re
(10)
The experimental f results of

plain flat tube are compared with the

plain circular tube and the previous
equ.(10) of circular tube as shown in
Fig. 9. This figure represents the
variation of friction factor ( f ) with
Reynolds number for the three cases.
The f of the present experimental
results of the plain flat tube are slightly
higher than that of plain circular tube
while the present results of plain
circular tube is found to agree within 8
% with the equ.(10) of plain circular

tube.

The effect of Y and S on the
characteristics of friction factor inside
flat tube with and without inserted swirl
sheet will be discussed in the present
section. Figures 10 through 13 show the
relation of f with Re of plain flat tube
and a flat tube with inserted swirl sheet
of different Y and S. It is seen from the
figures that the f decreases with the

increase of Re, but it decreases with the
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increase of S. The same general shape
of curves can be seen from all the
figures.

The variation of f with § at
di:fferent Y at constant Reynolds
number is shown in Fig. 14. This
figure shows that f decrease with the
increase’of ¥ and S. The behavior of
flow inside the flat tube with inserted
swirl sheet is affected by the increase of
S or Y. The increase of S or ¥ leads to a
decrease in turbulence intensity of the
flow inside the flat tube with the
inserted swirl sheet and in tum a

decrease of f.

Correlation of the results

The experimental results are
fitted, using power regression, to
determine the folldWihg empirical

H M . K N -
correlations for'a Azt Bbe"-

woh Y

L™

Nu =6.11IR#(14+x) 0%y 18

(1)

And:

f — 54.41Re_0°87 (1 +x)—0.045 Y—0.146
(12)
5.86 *10°<Re<131*10° & 0

<x £66.67 & 2.17<Y<5

The calculated data from Eq.
11 and 12 of the Nu.; and f; are
plotted against experimental data of
the Nug,, and fz,, in Fig. 15 and 16
respectively. As shown from these
figures the maximum deviation

between the experimental data and

correlations are 10 % and 8 % for

Nu and f respectively.

CONCLUSION
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Augmentation of laminar flow

and heat transfer in flat tubes by means
of helical screw-tape inserts is
investigated  experimentally.  The
friction factor in the horizontal flat
tubes with full-length helical screw
element of different twist ratio and
helical screw inserts with different
spacer Ieﬁgth are investigated. Cold and
hot water are used as working fluid in
tube side and shell side respectively.
Thé experiments covered a range of
Reynolds numbers 5.7*10> < Re <
1.31*10°. The effect of spacer length on
the heat transfer augmentation and
friction factor and the effect of twist
ratio on-ﬁeat traﬁéfer augmentation and
friction factor have been presented.
The results of the present
investigation can be summarized as:
» The results indicate that the
helical screw element of different

twist ratio and helical screw

inserts with different - spacer
length have an effect on the
results of heat transfer coefficient
and friction factor.

The averaged Nusslet number,
Nu increase with the increase in
Reynolds number and with the
decrease in twist ratio and spacer
length. At spacer length equal 0,
increased Nu by about 119 %
compared with the empty tube.
The data of plain flat tube is
greater than that of plain circular
tube and the data of flat tubes
containing a helical screw tapes
is better than plain tubes for all
Re, Y and S. |

For a fixed Reynolds number, the
friction factor (f) increases with
the decrease in twist ratio | and
spacer length for the flat tubes.
The correlations of average

Nusselt number and friction '
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. factor with Re, S and Y are 4- Yilmaz M, Comakli O and Yapici

- presented.,
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Fig.1a Diagram of experimental set up
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Fig. 1b Cross section area of double flat tubes
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b. Helical tape inserts of twist ratio 3.3 and twist ratio with various spacer length.
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d. Helical tape inserts of twist ratio 5 and twist ratio with various spacer length.

¥ig.2 Helical tape inserts with various spacer length and variable twist ratio.
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11

Circular tube equation (9) |
109 | m Cireular tube experimentail q

.g4 [ A Flattube experimental
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Fig.3 Data verification of Nusslet number for plain tube.
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Fig.4 Nusslet number vs Reynolds number for helical screw of
twist ratio 2.17 with different spacer length-in case of flat tube
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Fig.5 Nusslet number vs Reynolds number for helical screw of
twist ratio 3.33 with different spacer length in case of flat tube
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Fig.6 Nusslet number vs Reynolds number for helical screw of

twist ratio 4.3 with different spacer length in case of flat tube
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Fig.7 Nusslet number vs Reynolds number for helical screw of
twist ratio 5 with different spacer length in case of flat tube
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Fig.8 Nusslet number vs spacer length for helical screw with different
twist ratio at constant Re in case of flat tube
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Fig.10 Friction factor vs Reynolds number for helical screw of
twist ratio 2.17 with different spacer length in case of flat tube
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Fig.11 Friction factor vs Reynolds number for helical screw of
twist ratio 3.33 with different spacer length in case of flat tube
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Fig.12 Friction factor vs Reynolds number for helical screw
of twist ratio 4.3 with different spacer length in case of flat tube
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Fig.13 Friction factor vs Reyholds number for helical screw of twist
ratio 5 with different spacer length in case of flat tube
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Fig.14 Friction factor vs spacer length for helical screw with
different twist ratio at constant Re in case of flat tube
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Fig. 15 Nucai against Nuexp for flat tube
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