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Abstract: The purpose of the investigation presented in this study is to evaluate the tube side single phase
heat transfer performance on the EXTEK (Twisted Multi-Head) tube. The geometry of the cross-section for a
flow passage has an effect on its convective heat transfer capabilities. For concentric annuli in a double tube
heat exchanger, the annular surface enhancement and tube profile enhancement play an important role. EXTEK
(Twisted Multi-Head) uses twisted extrusion of a star shape tube for tube profile enhancement. The study was
able to develop individual heat transfer coefficient correlations for this new method of enhancement for the
turbulent flow regimes. A plain annulus was also investigated for comparison. The Wilson plot method was
used to determine the tube side heat transfer coefficients from which the Nusselt type correlations were

developed.
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INTRODUCTION

To enhance heat transfer in double tube heat
exchangers, Fig. 1, mechanical modification, turbulent
promoter (twisted tape), spring and disk are adopted to
mcrease the heat transfer rate by reducing the thermal
boundary layer thickness. In the case of mechanical
surface enhancement modification, various methods are
available, such as attaching extended fins, wires and
roped tube on the mnside and outside walls of the annulus.
However, such mechanical enhancement presents
difficulties for manufacturing and its cost of production is
higher than that of other methods.

Thus, to mmprove the thermal performance of the
double tube, a simple corrugation method is generally
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Fig. 1: Schematic diagram of a double tube heat exchanger

adopted for industrial applications. Although the
corrugation geometry can enhance heat transfer by
reducing the thermal boundary layer thickness, it will also
cause an increase of flow resistance and pressure drop.
Hence, many studies have been conducted on enhanced
double tubes m order to mimimize the pressure drop and
maximize the heat transfer performance, review given by
Mehta and Rao (1979).

Two types of surface enhancement selected for
investigation in the present study are a) Plain Annulus,
and b) EXTEK ( Twisted Multi-Head). EXTEK is a twisted
extrusion of a star shaped tube for tube profile
enhancement. This study aims to evaluate experimentally
both the Plain Annulus and EXTEK tubes for the tube
side single-phase heat transfer coefficients for the
tuwrbulent flow regime with straight double tube
configuration.

LITERATURE REVIEW

Many investigators have devoted thewr efforts to
study the two-phase and single-phase characteristics of
enhanced double tube heat exchangers. Tt is known that
the single-phase heat transfer data are of special value for
the subcooled region of air-cooled condensers and
superheated region of the amr-conditioning evaporators,
detail review given by Tiruselvam (2009). In addition, the
design of water cooling/heating coils (double tube heat
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exchangers) commonly used in ventilators and package air
conditioners, requires knowledge of the single-phase heat
transfer data. Unfortunately, investigations of the single-
phase heat transfer on enhanced ammulus are not well
correlated. For instance, the microphone single-phase R-
113 heat transfer coefficients obtained by Khanpara et al.
(1987) indicated that Nu/Pr"™* is proportional to Re'” in the
Re range from 6000 to 15,000. However, their R-22 data
(12,000 < Re < 15,000) are well below the extension of R-
113 line. Eckels and Pate (1991) found that the single-
phase heat transfer coefficients of the microphone tube
are proporticnal to Re’’. Al-Fahed ef al. (1993) performed
a single-phase experiment on the same tube as Eckels and
Pate (1991) and found that the single-phase heat transfer
coefficients of the microphone tube are proportional to
Re"’. In addition, most of the mvestigaters do not report
the heat transfer coefficients for Reynolds number lower
than 10,000. However, the design of air-conditioning
systems 1n this range 18 often encountered. Therefore, it
15 necessary to clanfy the smgle-phase heat transfer
characteristic of enhanced double tube for Re < 10,000.

A brief review of the recent literature relevant to the
experimental study for enhanced double tube 1s given in
the following. A detailed experimental study performed by
Dong et al. (2001) on various enhanced tubes have
showed that the heat transfer performance of the spirally
corrugated tube 15 30 to 120% ligher than that on the
smooth tube. In addition, Zimparov (2001) derived an
empirical correlation for heat transfer performance
evaluation according to different relative pitches and
pressure drop by mserting twisted tapes in the spirally
corrugated tube. The results concluded that if the helical
flow motion introduced by the twisted tape could be made
by the actual tube profile, such a tube will deliver the
required high heat transfer with reduced pressure drop.
This approach will also be explored in this experimental
work.

Initial investigation on the flow development length
and farmmg friction factor for both the annulus and tube
side of these tubes was reported by Tiruselvam (2009).
The correlations obtained in Tiruselvam (2009) will be
used to evaluate the tube side heat transfer correlation by
using the Wilson plot technique as reviewed in Shah
(1990). The parallel characteristic of the friction factor (f)
and the modified Stanton number (3) as reported by Shah
Sekulic (2003) 1s exploited to achieve the objective of this
experimental study.

Test section: This study will investigate two types of
tube, i.e. plain surface and tube profile enhancement. The
term EXTEK describes the Twisted Multi-Head profile
enhanced tube as shown in Fig. 2. The test sections were
assembled in straight double tube configuration.

Table 1: Data and dimension of EXTEK tube
Data Unit
Inner EXTEK tube

Tube outer surface area 0.09522 m’ m™*
Tube inner surface area 0.08462 m’ m™!
Outer perimeter of the tube profile 87.410 mim
Inner perimeter of the tube profile 79.410 mm

Length of the tube section 0.7m

Tube wall thickness 1.299 mm
Tube flow area (cross section) 187.524 mm?
Wall surface area (cross section) 103.713 mm?
Outer steel tube

Tube outer diameter 25.6 mm
Tube inner diameter 23.0 mm
Wall thickness 1.3 mim

Fig. 2: EXTEK profile enhanced tubes

The EXTEK Twisted Multi-Head tube used m thus
work consists of an inner EXTEK twisted copper pipe, as
shown in Fig. 2, and an outer plamn steel pipe. The EXTEK
tube uses the twisted tube extrusion profile to induce
secondary flows to both the tube and ammulus flows. This
helical cork screw flow pattern will constantly interrupt
the boundary development. The high heat transfer
occurring in the disturbed boundary development region
will enhance the performance of this type of double tube
heat exchanger. The profile dimensions for EXTEK
Twisted Tube are given in Table 1. This EXTEK Twisted
Tube is designed and manufactured by Zhejiang Co. Ttd.
from China.

EXPERIMENTAL FACILITY

A schematic representation of the test facility is
shown in Fig. 3. Two different concentric double tube
heat exchangers (Plain and EXTEK), were used during the
experimental investigation. The test section was operated
in a counter flow arrangement with hot water in the
annulus and cold water in the inner tube. The usual
method to keep the double tube concentric 13 by
employing radial supporting metal pins along the length
of the heat exchanger. This method however could not be
applied here because of:
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Fig. 3: Schematic diagram of experimental facility

*  Small ammulus clearance of approximately 2 mm (a =
1.18 for Plain ammulus and a = 1.1 for Extek annulus)
Support pins located along the annular axis could
restrict the medium flow

¢ The recommended annulus clearance requirement for
nstalling annular support pins is given by Dirker and
Meyer (2005)as a=>1.5

Temperature measurements were facilitated by means
of Resistance Temperature Detector (RTD - Pt100) at the
entry and exit of the medium flow path. The entire test
section and RTD measwing pomts were sufficiently
msulated by Superlon pipe insulation and polyurethane
enclosure to avoid heat loss to the ambient. Temperature
data was captured with the aid of a data logger
Volumetric flow rates were measured by using
TOKOGAWA magnetic flow meters. The flow meters were
installed upstream to the test section.

By allowing a straight section distance of 1m before
entering the flow meters, the chaotic flow patterns
generated at tube bends and fittings were decreased. This
ensured more accurate flow measurements. The
experimental apparatus consist of two circulating water
loops, 1.e. the cold side and hot side. The cold side water
15 pumped from the water tank through the centrifugal
pump and the flow meter before entering the inner tube of
the test section. Any heat picked up from the test section
1s dispersed to the chiller umt through the brazed plate
heat exchanger. The water temperature to the test section

is controlled by the submerged water heater. Similarly the
hot side water flow uses the same orientation, except for

the absence of the heat smk.

Test procedure: Experiments were started by performing
the Wilson plot test to evaluate the tube side single phase
heat transfer coefficient. This was done with the armular
flow rate held constant and the mmer tube flow varied
through a range of flow rates. The flows on both sides
were maintained in the tubulent region while the total
heat flux through the system is held constant. After
sufficient time was allowed for steady state condition to
be established, the inlet and outlet temperatures and flow
rate of both fluids were recorded by means of the data
logger. It 1s mmportant to ensure that the energy balance
error between both the tube and annulus sides was at a
satisfactory low level. A high level of accuracy in the
experimental data was thus maintained. More than 95% of
the data pomnts exhibited an energy balance error of less
than 3% between the mmer tube and annular flows.
Suspicious data points were reexamined during the
analysis process to increase the final accuracy thereof.
Information on the experimental data and data sets used
for analysis purpose is given in Table 2.

Uncertainties in the experimental data were calculated
based on the propagation of error method, described by
Kline, McClintok (1953). Accuracy for
measurement devices and water properties are given in
Table 3 and 4. Uncertainties in the analysis of the single
phase heat transfer coefficient are calculated for various
test runs 1n the smooth and enhanced annulus as a root-
sum-square (R33) method. Experimental results and the
associated uncertainties are listed in Table 5.

various

Data reduction: The overall thermal resistance is
evaluated from Eq. 1:

-9 (1)
LMTD A,

o

where, Q is the average heat transfer rate of the annulus
and tube; Eq. 2:

o [(mcw), . (mcw)o} @
where, AT is the temperature rise/drop of water, and the
subscripts o and i denotes the annulus and tube side,
respectively. In all cases, only those data that satisfy the
criteria |(Qg - Q)/Q| <0.03 are taken into consideration in

the final data reduction. The log-mean temperature
difference LMTD 1s given by Eq. 3 to 5:
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Table 2: Experimental data sets and errors

Nominal hot side mass flow rate (kg &)

Energy balance errors (%46)

Heat exchangre test Number of data points Minimum Maximum Mean Standard deviance
Plain straight tube Re"® 48 0.1345 0.3404 0.731 0.330
Plain straight tube Re?’# 418 0.1335 0.3434 0.449 0.407
EXTEK Straight tube 48 0.1335 0.3464 0.450 0.409

Table 3: Uncertainties of measurement devices
Parameter (Make, Type)

Water Volume Flow (YOKOGAWA,
Magnetic Flow Meter)

Differential Pressure Transmitter
(YOKOGAWA, EJA Series)

Uncertainties
+0.08% of reading

+0.05% of reading

Pressure Transtnitter +0.18 psig
(YOKOGAWA, EJA Series)

Water temperature (CHINO, Pt-100 RTD) +0.1°C

Table 4: Uncertainties of properties

Predicted properties (Water) Uncertainties Source

Density +0.02% Wagner and Pruf3 (2002)
Tsobaric heat capacity +0.3%%

Viscosity +0.5% Kestin et al. (1984)
Thermal conductivity +0.5%

Predicted properties (Copper)  Uncertainties

Thermal conductivity +0.5% Toulaukian et af. (1970)

Table 5: Uncertainty analysis for experimental data
Heat Transfer Coefficient, h

(Wm—=K), Turbulent
Test Sequence Highest(%)  Lowest(%o)
Wilson Plot Plain Straight Tube Re® +5.32 +5.04
Wilson Plot Plain Straight Tube Re 7% +4.24 +3.89
Wilson Plot EXTEK Tube +3.99 +3.95
LMTD = AL AT, (3)
In{AT, /AT, )
AT, )
aot o, )

where, T, and T, are inlet and outlet temperature of
water i the mmner tube, and T, and T, denotes the mlet
and outlet temperature of water in the annulus. At the first
stage, the data are analyzed by the Wilson plot method
and can be described as follows.

The experimentally determined resistance 1/UA of the

test tube is related to individual thermal resistance, Eq. 6:

N S S (6)
Usdy Doy h A

where, h, and h; represent the average outside and inside
heat transfer coefficient, and R, denotes wall resistance
and 1s given by R, = 8,/k A, In the present calculation,
the overall resistance 1s based on the outer surface area,

which is evaluated as nD,l., where Do is the outer
diameter of the inner tube. Note that the inside heat
transfer coefficient is based on nominal mside surface
area (nDL). The properties for both streams were
calculated using the average of the inlet and outlet bulk
fluid temperatures. The tube side heat transfer coefficient
h; is given by Eq. 7:

M v
oo (20 (o) ™
Do Lk

The correlation form does not include the viscosity
ratio to account for the radial property variation, because
this effect i1s very small for the present test range.

Therefore, Eq. 6 then becomes:

[IRJ 1 L1
R, |= g
o e

i

Equation 8 has the linear form of

Y—m¥X+b (9
Y-l R, (10)
Ushy
m=~ (11)
Ci
po! (12)
hOAO
N S
%RBMPI%A’ (13)

i

Therefore, with a simple linear regression, the slope
of the resulting straight line is equal to 1/C. The
interpretation of Eq. 9, which has the linear form, Y = mxX
+ b, if R, and h, are constant, is the basis of the Wilson
Plot method. In this arrangement, both the annulus heat
transfer coefficient and the total heat transfer through
the system will be constant. Eq. 9 can then be used to
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generate a straight line graph which describes the overall
heat transfer process across the double tube when the
coolant temperature and mass flow rates changes but
quantity of heat transfer 1s constant. As a consequence
of this, the internal heat transfer coefficients are balanced
at different values so that while the overall heat transfer
coefficient varies, the overall heat transfer and annular
side heat transfer coefficient remain unchanged. Given
such a test series, a line can be plotted as shown in Fig. 4.

TEST RESULTS

In order to validate the experimental apparatus and
the testing methods, tests were performed on a straight
double tube, with smooth mmner and annular surfaces.
Figure 5 shows the relationship of X and Y for the
validation test. The regression result of the smooth tube
yields C= 0 0227 which can be rounded up very close to
the well-known constant 0.023 of the Dittus-Boelter
correlation. The author has chosen Re exponent of 0.8 for
validation purpose as such value is used extensively by
previous studies, as in Shah (1990). Note that the
exponent on Re of 0.8 is not necessary a constant 0.8 as
shown mn Fig. 5. As addressed by Shah (1990), the Re
exponent it is a function of the Prandtl number and
Reynolds mumber. It varies from 0.78 at Pr=0.7to 0.9 at Pr
=100 for Re = 50,000 for circular tube.

The author has adapted an approach where the Re
exponent of the Nusselt correlation is plus 1 of the Re
exponent of the Fanning friction factor. The relevant data

5

y= 44.284x+2.4661
47 R'=0.9968 *,

y= 43.087:+2.1502 °
R'=0.9983

| y=43.81x+1.8238
R'=0.9984 -

/U

y=43.709:+1.6997 ™,

R’=0.9976
5o Y= 437094415429 .y
R*=0.998 v

y=43.703x+1.3958."
R*=0.9991

extracted from a previous study by the current author in
Tiruselvam (2009) 1s given as:

Straight Plain, Turbulent, Re > 8000:

f=0.091Re ** (14)
Straight EXTEK, Turbulent, Re > 8500:

f=0.591Re™" (15)

Based on the Re exponents from the fanning friction
factor correlation s, the Wilson plot test was conducted

% A
. Range of ;
High S ¢
internal flows measured points fo”{?., /Olz,
\ %,
iy
[
-_1T—> External
1 resistance
1 .
|
- —t’ Tube wall
U resistance
AR, Internalresistance
v, v |

Fig. 4: The wilson plot-general features (Shah, 1990)

Nu=0.0227 Re”* Pr**

[ Nominal hot side water mass flow rate of 0.1345 kg s
<> Nominal hot side water mass flow rate of 0.2036 kgs
X Nominal hot side water mass flow rate of 0.2385 kgs
O Nominal hot side water mass flow rate of 0.2726 kgs

@ Nominal hot side water mass flow rate of 0.3069 kes
+ Nominal hot side water mass flow rate of 0.3404 kgs

—1
-1
-1
-

1

T
0.01 0.02

T T
0.03 0.04 0

o -
[

(Ao/AD[Re"*Pr*(k/D,)]"

Fig. 5: Wilson Plot analysis for plain straight tube, Re"*
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Fig. 6: Wilson Plot analysis for plain straight tube, Re" ™

5 —
y=3.2654x+2.2238
R’=0.999
Y=3.064x+1.8584
4 T R=0.9944
y=3.1135x+1.5672
" R’=0.9938
A 31944411599
3 R’=0.9994
......... - y=3.1538x+0.9376
= < R™=0.9946
7
Nu,,=0.302 Re"* Pr**
A Nominal hot side water mass low rate of 0.0355 kgs™
14 X Nominal hot side water mass flow rate of 0. 559 kg s~
O Nominal hot side water mass flow rate of 0.0842 kg s~
<> Nominal hot side water mass flow rate of 0.1085 kgs™
[ Nominal hot side water mass flow rate of 0.1128 kg 's '
0 T T T 1
0.2 0.3 0.4 0.5 0.6

(A0/A))

Fig. 7: Wilson Plot analysis for EXTEK straight tube

and the data analyzed for the plain and EXTEK immer tube.
The corresponding Wilson plots are shown in Fig. 6-7.

Corresponding to the turbulent flow region of the
individual test section, the Nusselt numbers
for single phase heat transfer can be written as: Plain
Straight Tube, Turbulent, Re > 8000:

side

Re’ wPrl/s(k/Dh)]rl

Nu=0.048Re” pr

EXTEK Straight Tube, Turbulent, Re = 8500:

Nu=0302Re"” Pr¥
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CONCLUSION

Convective heat transfer and pressure drop
characteristic for two types of enhanced double tubes are
reported in the present investigation. Hxperiments were
conducted in a double tube heat exchanger with water as
test fluid in the annulus and the tube side. The two
anmulus investigated was of Plain and Extek enhanced
twisted multi-head profile. The heat transfer coefficients
of the inner tube side of the double tube test section were
obtained using the standard Wilson plot technique. The
Wilson plot test was conducted for the twbulent flow
region. An initial test was conducted for the plain annulus
to validate the testing method and procedure using Re
exponent value of 0.8. After achieving the experimental
validation, the test was conducted on the Plain and
EXTEK annulus using Re exponent from the Fanning
Friction Factor correlation. The Nusselt heat transfer
correlation, Eq. (16-17), obtained in this study for the tube
side will be used for future study.
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NOMENCLATURE

a = Annulus ratio (D/D,) (im)

A = Nominal inside heat transfer area of the tube
(m?)

Ay = Qutside heat transfer area of the tube (m*)

b = Intercept on file with ordinate (K/W)

C, = Constant for inside heat transfer correlation,
dimensionless

Cp = Heat capacity of water (I/kg.K)

D, = Inside diameter of the tube (m)

D, = Outside diameter of the tube (m)

D, = Hydraulic diameter (m)

h, = Heat transtfer coefficient on the annulus side
(W/m’K)

h, = Inside heat transfer coefficient, base on A,
(W/m*K)

] = Colburn factor, St.Pr'”, dimensionless

k = Thermal conductivity of water (W/m’ K)

L = Tube length (m)

LMTD = Logarithm mean temperature difference (K)

m = Slope of least-square deviation line,
dimensionless

m = Average mass flow rate of coolant water
(ke/s)

M = Reynolds number exponent, dimensionless

Nu = Nusselt number (hD/k), dimensionless

Pr = Prandt] number (uCp/k), dimensionless
Q = Average heat transfer rate (W)
Re = Reynolds number based on hydraulic
diameter, pVD/, dimensionless
Ry =  Wall resistance (K/W)
St = Stanton number, dimensionless
AT = Temperature rise on the water coolant (K)
U, = Overall heat transfer coefficient (W/m*K)
v = Flow velocity (m/s)
X = Wilson plot function (K/W)
Y =  Wilson plot function (K/W)
Greek
&y =  Wall thickness (m)
Tl = Dynamic viscosity of water (Pa.s)
P = Density of water (kg/m”)
Subscripts:
I = Tube side
n = Inlet
0 = Annulus side
out = QOutlet
t = Turbulent flow
w = Wall
REFERENCES

Al-Fahed, SY¥, ZH. Ayub, AMAIl-Maratie and
B.M.Soliman, 1993. Heat transfer and pressure
drop m a tube with mternal microphone under
turbulent water flow conditions. Exp. Thermal Fluid
Sci., 7: 249-253.

Dirker, J. and J.P. Meyer, 2005. Heat transfer coefficients
in concentric annuli. Heat Transfer Eng., 26: 38-44.

Dong, Y., L. Huixiong and C. Tingluan, 2001. Pressure
drop, heat transfer and performance of single-phase
turbulent flow in spirally corrugated tubes. Exp.
Thermal Fluid Sci., 24: 131-138.

Eckels, S.J. and M.B. Pate, 1991. An experimental
comparison of evaporation and condensation heat
transfer coefficient for HFC-134a and CFC-12. Int.
I. Refrigeration, 14: 70-77.

Kestin, T, JTV. Sengers, B. Kamgar-Parsi and
IMHL. Sengers, 1984. Thermo physical properties
of fluid H20. 1. Phys. Chem. Ref. Data, 13: 175-183.

Khanpara, I.C., M.B. Pate and A.E. Bergles, 1987. Local
Evaporation Heat Transfer in a Smooth Tube and a
Micro-fin Tube Evaporation Using Refrigerants 22
and 113. Tn: Boiling and Condensation in Heat
Transfer Equipment, Ragi, E.G. (Ed.). Vol. HTD-85,
ASME, New Yorl, pp: 31-3%.

1731



J. Applied Sci., 11 (10): 1725-1732, 2011

Kline, 8.J. and F.A. McClintok, 1953, Describing
uncertainties in single-sample experiments. Mech.
Eng., 75: 3-8

Mehta, M.H. and M.R. Rao, 1979. Heat Transfer and
Frictional Characteristics of Spirally Enhanced Tubes
for Horizontal Condensers. In:  Advances in
Enhanced Heat Transfer, Chenoweth, J.M. et al.
(Eds.). ASME, New York, pp: 11-22.

Shah, RX. and D.P. Sekulic, 2003. Fundamentals of Heat
Exchanger Design. John Wiley and Sons, Inc., New
Jerssey, [ISBN: 9780471321712.

Shah, R.K., 1990. Assessment of modified wilson plot
techniques for obtaining heat exchanger design data.
9th Int. Heat Transfer Conf., 5: 51-56.

Tiruselvam, R., 2009. Flow development length and
friction factor coefficient for lammar and turbulent
flow in plain and enhanced tube annulus. O.Y.L.
Internal Res. T., 3: 347-391.

1732

Toulaukian, Y.S., RW. Powell, C.Y. Hoand P.G. Klemens,
1970. Thermophysical Properties of Matter: Thermal
Conductivity, Metallic Elements and Alloys. The
TPRC Data Series. Vol. 1. IFI/Plenum, New York.

Wagner, W. and A. PruB, 2002. The TAPWS formulation
1995 for the thermodynamic properties of ordinary
water substance for general and scientific use.
I. Phys. Chem. Ref. Data, 31: 387-535.

Zimparov, V., 2001. Enhancement of heat transfer by a
combination of three-start spirally corrugated tubes
with a twisted tape. Int. J. Heat Mass Transfer,
44: 551-574.



	JAS.pdf
	Page 1


