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Abstract
Thermosyphon is an effective system in heat transfer. According to the applications, there are two

important types: Open thermosyphon and Closed thermosyphon. In this paper, after a review on
theoretical and experimenta articles about single-phase loop thermosyphon, considering a single-
phase thermosyphon , the influence of diameter on the mean velocity inside the loop is studied

using ANSY S CFX software.
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1-Introduction
Thermosyphon refers to'a method of passive heat exchange based on natural convection

which circulates liquid without the necessity of a mechanical pump. The history of
thermosyphon, in particular the version known as the Perkins Tube (figure 1)[1].
Figure 1: Prekin tube
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The thermosyphons classify to different types such as : Open thermosyphon, Closed
thermosyphon[pipe thermosyphon (single or two-phase flow) and simple loop thermosyphon
(single or two-phase flow)] and Closed advanced two-phase flow thermosyphon loop. We
want to study single-phase closed loop thermosyphon in this review. A closed loop
thermosyphon is a system in which flow is driven by heated and cooled processes. Working
fluid is moving fluid inside the loop By suitable choice of working fluid and Container
materials, it is possible to construct for thermosyphon use at temperatures ranging from 4K to
in excess of 2300K Temperature difference is established in the working fluid inside the loop
and consequently a density gradient is created. Thus, the lighter fluid rises and the heavier
fluid falls and replaces on it. Applications of closed loop thermosyphons are solar heater,
geothermal energy, energy storage, heat rejecting from nuclear reactor cores; cooling internal
combustion engines, turbine blades and computers. Design of these engineering applications
is needed in modeling of various kinds of thermosyphons. Fig. 2 includes schematics of some

Ioopqz] . Figure 2: Various loop thermosyphons
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In this work contain three part. review of theoretical and experimental and simulation by cfd
software on single-phase closed loop thermosyphon.
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2. Theoretical methods

Y.zivirn[2] presented one dimensional theoretical method. He assumed the average cross
section temperature, T, is equa to the mixed mean (or bulk) temperature. Thus, he presented
follow momentum and energy equations:

Momentum equation:

fu _9p Lo atw
ry—=—-rge;.es- 4— 1
oqt s "9 d, @
Energy equation:
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Then he could predict transient and steady state behavior of flow in thermosyphon and found
that it is quite difficult to compare between various theoretical results, especialy for different
loops, and between theory and data The reason is the lack of scaling laws or a general
approach for chosen characteristic quantifies and dimensionless parameters. The first attempt
in this direction has been made here .Finally, the existing analytical and numerical methods
representing natura circulation loops are one-dimensional. The flows, however, have been
observed to give rise to three-dimensional effects. These should be taken into account in
future work, by more detailed anaysis, usng the three-dimensional conservation equations,
and by more sophisticated experiments, including measurements of transverse velocity and
temperature distributions.

A transient behavior natural circulation is studied by Y.Zivirn and R.Greif[3]. They reported
non-dimensional momentum and energy equations (eq. 3,4) and could mode transient
behavior loop thermosyphon. The loop is considered here shown in Fig. 3.
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Figure 3: The loop of two vertica branches a point heat
source and apoint hea sink
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EDUARDO RAMOS et al[4] presented a steady state analysis for variable area one-two
thermosyphon loop. With presenting of governing equations on loop themosyphon, They
could model single or two-phase closed loop themosyphon. They assumed direction of flow is
one dimensional and in single phased equation 3 is established.

r=rol-b( -Ty)] (5)
mdi:q+UA_pd_r+Aku2 (6)
dx r dx
du dp -
ru—s=- —-ku-gr 7
dx dx J (7)
du dr -
ru—=- -ku-grg-b(-T 8
Mo T dx gro[l- b(T -T,)] (8
By integrating of differential equations is calculated the amount of heat flax and velocity in
the loop.

A torodid thermosyphon is presented by E. WACHOLDER et al[5]. They considered some
assumptions for this case such as. Axial heat conduction in'the energy conservation equation
is neglected, Gravity is the only significant body force, Temporal derivative of pressure term
in the energy equation is ignored and etc. then by this assumption they presented follow
governing equations:

fr , 176 _, (9)
ft R f1q

E+im+iﬁ+w+rgsinq=0 (10)
ft - RY9 RTg 2rD,

TrH), LIE" oy (11)

fit R fiq

These equations are solved by numerical methods and compared with experimental results
available. They obtained a good agreement between the present predictions and experimental
results available inthe literature.

3-Experimental work on single-phase loop thermosyphons

Tahsin basran and serhan Kucuka 6] studied of a single-phase closed loop thermosyphon
using experimental and numerical techniques. In this study they showed that there's numerical
analysis was appropriate for estimating the heat transfer and the flow characteristics of the
loop at the uniform wall temperature.

In the fig.4 is shown the experimental apparatus.
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Figure 4: experimental set up
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They perused laminar flow in the loop in another article.[7]
A single-phase rectangular closed loop thermosyphon ,with different situation of hot and cold

sections, is studied by D.S. Pilkhwal et al[8]. They modeled this system with one-dimensional
and computational fluid-dynamic models. The apparatusis shown in fig. 5.

Figure 5: Sketch of experimental set up
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M. Misale et al.[9] presented a single-phase naturd circulation mini-loop. In this study, The
parameters investigated during the experiments were: power transferred to the fluid and
inclination of the loop. The experimental deviceisshowninfig. 6.

Figure 6: experimental apparatus
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A rectangular natural circulation loop is studied by A. Ficheraand A. Pagano[10]. Theresaim
from this paper is to address the problem of suppressing unstable dynamics occurring in
rectangular natural circulaion loops on the base of a reliable model-based controller. The

experimental setup is shown fig.7.

Figure 7: Schematic of the experimental rectangular circulation loop
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Yu Yan Jiang et a[11] perused boundary condition e ects on the flow stability in a toroidal
thermosyphon. The device of thiswork is shown fig.8.

Figure 8: Schematic of the experimental set up
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4- amulation by CFX software
Whereas this software capability is high to predict distribution temperature and velocity inside

loop but there was no efficient work in this subject. CFD software can simulate different
shapes of closed loop thermosyphon and two or three dimensional and one or two phase flow.
This software can solve governing equationsin transient and steady states.
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D.S. Pilkhwal et a.[8] studied the ungtable behavior of a single-phase natural circulation loop
by CFD. They viewed CFD models indeed provide improved modeling capabilities which are
quite promising for solving the classical problems raised by the use of 1D codes.

We simulated assumed single phase closed loop thermosyphon with follow characteristics

(fig.9).

Figure 9.assumed closed loop thermosyphon
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This thermosyphon'is simulated in 3D and water is as working fluid in the steady state
Jtemperature of cooled part is5 and of hot partis95 and both of them is constant. Chosen
diametersisshown in table 1.

Table 1. the characteri i cs of themosyphons

Cases Diameter (mm) Length of cold Length of hot Temp. of cold Temp. of hot Working
section(mm) section(mm) section( ) section( ) fluid

1 10 500 500 5 95 water
2 20 500 500 5 95 Water
3 30 500 500 5 95 Water
4 40 500 500 5 95 Water
5 50 500 500 5 95 Water
6 60 500 500 5 95 Water
7 70 500 500 5 95 Water
8 80 500 500 5 95 Water
9 90 500 500 5 95 Water
10 100 500 500 5 95 Water
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Here, we perused effect of varies of diameter of loop on velocity variety in closed loop
thermosyphon by CFD software and viewed increasing of diameter would cause increasing
the amount of velocity, often(fig.10).

Figure 10. Variation vel ocity va diameter
1.6

14

1.2

.8

Valocity{ys)

s
s

0.2

wimmmeter (mm)

Conclusion

Thermosyphone is a kind of heat exchanger. There have been many studies on
thermosyphones due to their wide applications in many fields such as solar
energy, solar heater, heat rejecting from nuclear reactor cores, cooling internal
combustion engines, turbine blades and etc. In this paper, some theoretical and
experimental works which. has been aready done on the single-phase loop
thermosyphones, is reviewed. A loop thermosyphone is a system which is capable
of conducting hesat to afar region using only buoyancy forces.

In the fourth part, using ANSIS CFX SOFTWARE, a closed loop thermosyphone
whose operative liquid_is water, was investigated. The results show that in
general, increasing the thermosyphone diameter, causes increasing the operative
fluid velocity without changing the boundary conditions.

Studying thermosyphone as a main part of thermal process in the solar heating
thermally and hydrodynamically is notable. Usng CFX SOFTWARE for
prediction of different models, both time and cost would be reduced.
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NOMENCLATURE

, cross section of the loop; A
; specific heat;c
, hydraulic diameter; D,
, hydraulic diameter; d,,
, energy flux along loop axis; E”
, unit vector in s direction; es

, unit vector in vertical(z) direction; e,

, friction factor for axial flow; f

, acceleration due to gravity; g

, axial mass velocity; G

, enthalpy; H

, heat transfer coefficient; h

, therma conductivity; k
, defined by h/po cA; K

, length; L
, momentum flux along loop axis;, M
, pressure; P
, heat flux;q"
, volumetric flow rate;Q
, major radius of torus; R
, minor radius of torus; r
, coordinate along the loop; s
, temperature inside the loop; T
; time;t
, reference ambient temperature; T,

, mean velocity inside loop;u
Greek symbols
, dissipation function; F
, dimensionless parameter;a
, thermal expansion coefficient; b
, dimensionless parameter; e
, angular coordinate along the loop; q
, density; r
, dendgty in reference temperature; r
, shear stress at the wall;t,,
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Abstract

Thermosyphon is an effective system in heat transfer. According to the
applications, there are two important types: Open thermosyphon and Closed
thermosyphon. In this paper, after a review on theoretical and experimental
articles about single-phase loop thermosyphon, considering a single-phase
thermosyphon , the influence of diameter on the mean velocity inside the loop is
studied using ANSY S CFX software.
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