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Abstract: The present work reports numerical results of the pressure drop and heat transfer characteristics of pipes with
various shapes such as circular, elliptical, circumferential wavy and twisted using a three-dimensional simulation.
Numerical simulations are calculated for laminar to turbulent flows. The fully developed flow in pipes was modeled
using steady incompressible Reynolds-averaged Navier-Stokes (RANS) equations. The friction and Colburn factor of
each pipe are compared with those of a circular tube. The overall flow and heat transfer calculations are evaluated by
the volume and area goodness factor. Finally, the objective of the investigation is to find a pipe shape that decreases the
pressure loss and increases the heat transfer coefficient.
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Fig. 1 Three dimensional various shape pipes: (a)
Circular, (b) Elliptic, (c) Twisted elliptic, (d)
Streamwise wavy circular, (e) Circumferential
wavy, (f) Twisted circumferential wavy
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Fig. 3 Three dimensional computational grid: (a) Circular,
(b) Elliptic, (c) Twisted elliptic, (d) Streamwise
wavy circular, (e) Circumferential wavy, (f)
Twisted circumferential wavy

—————— Nu_reference

- - -e -~ [ reference o e Nu CFD

oasf ——~—— fCFD

(a) (b)

Fig. 4 Validation results of current study with a circular
pipe: (a) Friction factor, (b) Nusselt number
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Table 3 Entrance region length

Re, Hydrodynamic Thermal
entry length (m) entry length (m)
200 0.1 0.071
1000 0.5 0.355
2000 1.0 0.71
5000 0.6 0.1
10000 0.1 0.1

Table 4 Validation results of current study with a circular
pipe

Re, Friction factor Nusselt number
' CFD Reference CFD Reference
200 0.3028 0.3200 3.439 3.660
1000 | 0.0606 0.0640 3.499 3.660
2000 | 0.0305 0.0320 3.530 3.660
5000 | 0.0414 0.0376 20.667 18.892
10000 | 0.0329 0.0316 34.384 32.893

Table 5 Validation results of current study with the
twisted elliptic pipe and streamwise wavy

circular pipe
Friction factor
Type | Re, Reference CFD
TEP | 10,000 0.033 0.032
70 8.215 8.436
Swep 10,000 6.020 5.748

Nusselt #kS ¥ 7}s}$ o}

Fig. 49} Table 49 ZA#}9} o] Fx34E F 3l
AlxFE Friction factor®} Nusseltgko]l 2] (14), (15),
(16), (179 AgAGe A9} oF 5% o=
SRR

w3 YT NS Bagnel g 1
A Bl b aas.

vggte] Adgdy AxiVy nEHA
o AT AV Djste] 5752

= (e}
7FS 2135 0 Table 5914 &2 4= gl5o] A3
Aol Ao oF 5% olyE Yeye As B
22 o)

TR T.

32 2 Mo 2 RE 2 € §4

AgAT Az = APHA o {5l o
sk 5 AlZFe] Al Reynolds<+= 2300¢] T

2]
uhebAl 2 Aol A= Re, =200, 1000, 2000



1003

Velocity magnitude (m/s)

T[]

051152 253 35

TiEiic

Fig. 5 Streamlines and velocity distribution on streamwise mid-planes for; (a) Circular, (b) Elliptic, (¢) Twisted elliptic,
(d) Streamwise wavy circular, (e) Circumferential wavy, (f) Twisted circumferential wavy. (Re,, =1000)
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Fig. 6 Two dimensional streamline on spanwise mid-
plane(y=0) for streamwise wavy circular

(Re,, =1000)
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Fig. 7 Two dimensional velocity vectors on streamwise

mid-plane(x=0) for; (a) Twisted elliptic (b)
Twisted circumferential wavy (Re;, =1000)
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Fig. 8 Two dimensional temperature distribution on streamwise mid-plane for; (a) Circular, (b) Elliptic, (c) Twisted
elliptic, (d) Streamwise wavy circular, (e¢) Circumferential wavy, and (f) Twisted circumferential wavy
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