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Hocaidxcenns npucesmeno nioeuweHHI0 enepeemunnoi epexmus-
Hocmi 6inbHOBUXP06020 Hacoca muny <Turos wasxom yoockona-
Jlenns tozo pobouozo koneca. Ile 0ozeonse Minimizyeamu 3azanohy
8apmicmo HCUMMEBO20 UUKAY HACOCHOT YCMAHOBKU Y pe3yiomami
3HUNCEHHS GUMPAM HA eJleKMPOeHep2ito.

3acmocyeanns @izuunoi modeni nomoky peanvnoi piounu y
8iJIbHOBUXPOBOMY HACOCA 00360JULO PO3POOUMU MamMeMAMUUHY
MoOenb po3nodiny enepeii y tiozo npomounii vacmuni. Y 3anpono-
Hoeaniil mamemamuunil Mooei KilbKiCHO 6CMAN06JIeHO ChiB8IOHO-
wenns ckaadosux nomoxis. /Jo nux eioneceno moponooibnuii éuxop,
nomik, w0 HA0X00umd iz MiNCIONAMESUX KAHAIE POHOU020 KoJleca
Oe3nocepednvo 00 610600y, i nOMIK, WO He KOHMAKMYE 3 JTONAMAMU
(nomix npomixanns). Y pesyaomami 6CmanosieHo, wo MaKCumaib-
no moxcaueuit KK/ po6ouozo npouecy sinvrosuxposozonacoca 6e3
ypaxyeanns 2i0pasiiMHux 6mpam ck1aoae 1,,=0,67.

Po3pobreno memoouxy xoHcmpy08anus po601020 xoaeca 3 Kpu-
eoninitinum npoginem nonami. Memoouxa 6asyemvcsa na 3anpo-
nonoeanii mamemamuunii Mooeai po3noodiny enepeii y npPomounii
yacmumi 8ibHo6UXP06020 nacoca. Kym ycmanoexu nonami na 6xooi
B1 1 Ha pospaxynrxoeomy paodiyci Pr po601oz0 Koneca 3anpononosa-
HO suKoOHYyéamu 6i0noeiono 0o eumpamu piounu y Mmixncaionameeux
Kananax po6ouozo xoneca. Padiyc r<r; odupaemovcsa maxum, 0ns
AK020 cnocmepizacmvca paoianvhull pyx piounu y mixcaonamesux
Kanaaax po6o40z0 Koaeca.

Bukxonannsa uucenviozo 00CHi0NCEHHA 0ANO MONCAUGICM OUi-
HUMU CMPYKMYpY NOMOKY Y NPOMOUHIU YACMUHI 8LIbHOBUXPOBO20
Hacoca. Buxopucmanns 3anpononosanozo po6o4oz0 xoaeca 003-
BONUNO MIHIMIZY6amu empamu Ha 6x00i ma y 1020 Mixcaionameeux
Kananax y pesyaomami y3200ceHnss nomoxy piounu i zeomempii
ckenemy gonami. 30iTbWEHHA HACMKU JIONAMEE020 | 3MEHULEHHS
yacmru 6uUxXpo60zo potouoz0 npovuecy 003eonuno nioguuwumu KKJ]
811bHOBUXP06020 HACOCA.

3anpononosana zeomempis po601020 Koaeca 00360a5€ Ni0GULU-
mu KK/ icuyrouux ginvnosuxposux nacocie na 4-5 %

Kntouogi cnosa: éinsrnosuxposuii nacoc, poéoue Koueco, npomou-

na wacmuna, KK/[, ineecmuuyiiini eumpamu
u| o

1. Introduction
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The design feature of torque-flow pumps is the presence

For transportation of untreated industrial and domestic
waste, semi-finished products as viscous liquids, liquids with
solid particles and fibrous inclusions, and various suspen-
sions, torque-flow pumps are applied (Fig. 1).

of a free chamber in front of the impeller. The placement of
the impeller in the pump casing cylindrical niche and the
free passage of the fluid flow through the free chamber al-
lows the pumping of mixtures with a high concentration of
solid impurities without changing the operating parameters
of the pump.

In centrifugal pumps, the entire fluid flow passes through
the impeller intervane channels. In a torque-flow pump, the
fluid partially passes through them. The other part is routed
through a free chamber without interacting with the blades.

The main disadvantage of torque-flow pumps is the low
value of their energy efficiency, which does not exceed 58—
60 %. As a result, the costs of electricity in the life cycle cost
of a pump installation using a torque-flow pump is greater
than using a centrifugal pump. However, for the transport
of liquids containing the inclusions, the life cycle cost of a
pump installation using a torque-flow pump is less, resulting
in significantly lower maintenance costs [1].

For today, most torque-flow pumps are equipped with
impellers with straight radial (Fig. 2, @), or made with some




outlet angle By (Fig. 2, b), blades. Replacing the impeller
with a curvilinear profile of the blade (Fig. 2, ¢) is promising
in view of increasing the energy efficiency of existing torque-
flow pumps. At the same time, the investment costs will be
minimal.

Fig. 2. Design of the torque-flow pump impeller:
a — with radial blades; b — with straight blades with outlet
angle $,=80°; ¢ — with a curvilinear blade profile

The topicality of the study is to develop a method of
designing a torque-flow pump impeller with a curvilinear
profile of a blade. This will significantly increase the energy
efficiency of torque-flow pumps.

2. Literature review and problem statement

In the paper [2], the influence of the impeller design ele-
ments on the operating parameters of the torque-flow pump
was considered. The study determined the effect of changing
the impeller design elements (number of blades z, blade inlet
By and outlet By angles of the impeller) on the nominal pump
operating parameters. However, the effect of the simultane-
ous change of the blade inlet B; and outlet By angles of the
impeller in this paper was not investigated.

The study [3] made a qualitative assessment of the ef-
fect of changing the impeller parameters on the nominal
operating parameters of torque-flow pumps. The research
was conducted with pumps with different specific speeds n,.
However, the optimal parameters at which maximum pump
energy efficiency was reached were not defined, and the
method of their designing was not offered.

In the paper [4], a complex study of the influence of
impeller geometric parameters on the torque-flow pump
characteristics has been carried out. The author replaced
the impeller with straight blades with the impeller with the
curvilinear blade profile. The increasing of the torque-flow
pump energy efficiency by 4—5 %, as a result of the impeller
replacement was proved-experimentally. The disadvantage of
the study is the lack of recommendations for determining the
blade inlet B; and outlet By angles of the impeller for pumps
with different specific speeds ;.

Using winglets on the blades of a torque-flow pump
impeller allowed increasing the pump head [5]. However,
in order to provide high parameters, the increasing of the
gap between the impeller and the pump casing by at least
10 mm is necessary [6]. The disadvantage of the paper is
overall pump dimensions increasing. Thus, a similar result
can be achieved by simply increasing the pump impeller
diameter.

The increasing of torque-flow pumps energy efficiency is
achieved by influencing the pump casing construction [7].
However, such a way of increasing the pumps energy efficien-

cy leads to a significant increasing of investment costs in the
existing pumps modernization.

The study [8] showed a qualitative picture of fluid flow
in a torque-flow pump. The paper was done using the method
of high-speed filming of motion of different-length strings.
However, this method did not allow quantifying the fluid
flow in the pump flowing part. Thus, the obtained results
do not allow formulating recommendations concerning the
method of designing the pump impeller.

In the paper [9], the approximate theoretical value of
the energy efficiency of the vortex operating process of the
torque-flow pump was determined. The research was based
on the laws of conservation of the angular momentum and
energy. However, the described mathematical model did
not allow quantifying the energy distribution in the pump
flowing part.

Application of modern modeling methods allows more
accurate estimation of qualitative and quantitative character-
istics of the fluid flow in the flowing part of rotary hydroma-
chines. The test tasks of studying the operating process of a
torque-flow pump based on the numerical investigation meth-
od using the Ansys CFX software product were discussed in
the following papers. The study of cavitation processes in the
pumps flowing part was made in a non-stationary formulation
[10]. In the paper [11], in the stationary formulation the inte-
gral characteristics of the torque-flow pump were determined.
The obtained results differed from the experimental data by
no more than 5 % in the operating range. This does not exceed
the permissible error of experimental research methods. As a
result, it has been proven that this software product can be
used to improve the torque-flow pumps design.

The conducted literature review allows drawing the
following conclusion. For today there is no reliable literature
information on determining the optimum values of the blade
inlet B; and outlet By angles of the torque-flow pumps impel-
ler with different values of the specific speed n,. Studies of
this issue are separated and cannot be described as systemic.
The peculiarities of the operating process of this type pumps
include the presence of a flow portion (flowing stream) that
does not interact with the impeller blades, as well as the
presence of a toroidal vortex in their flowing part. The lack
of areliable mathematical model of energy distribution in the
torque-flow pump flowing part does not allow estimating
the blade and vortex parts of its operating process, as well as
determining the maximum possible energy efficiency of the
vortex operating process. There is no method of designing
the torque-flow pump impeller with a curvilinear blade pro-
file, which complicates the process of its design.

3. The aim and objectives of the study

The aim of the present study is to develop a method of
improving a torque-flow pump impeller with a curvilinear
blade profile for increasing its energy efficiency.

To achieve the aim, the following tasks are necessary to
accomplish:

— to develop a mathematical model of energy distribution
in the torque-flow pump flowing part;

—to develop a method of designing a pump impeller
blade;

—to determine the effect of the blade construction on
the fluid flow in the pump flowing part using the numerical
investigation method.



4. Method of numerical investigation of fluid flow in a
torque-flow pump

To achieve the stated aim, the research was carried out
using the method of numerical solution of the problem.
The calculation model was created in the Ansys CFX
environment.

As an operating environment, water at a temperature
of 25 °C was used. The operating mode was turbulent. For
closing the Reynolds equations, a standard k—¢ turbulence
model was used.

The calculated region consists of two elements: stator —
the pump casing flowing part, and rotor — the impeller. For
each of the elements of the calculated region, an unstructured
calculation grid was constructed. The total number of ele-
ments of the calculated grid is 1 million 500 thousand cells.
The flow modeling was carried out in a stationary setting.

The mass flow rate through the pump flowing part was
set as the boundary condition at the inlet of the calculated
region. Pressure equal to 1 MPa acted in the role of the
boundary condition at the outlet from the calculated region.

Due to the reverse currents, at the outlet of the calculat-
ed region of the stator element, “opening” was specified as
the boundary condition.

The rotational frequency for all experiments in the series
has a value of n=1500 rpm.

In order to achieve the convergence of the results, a
numerical investigation was conducted with the task of in-
teraction interface between the calculated regions “Frozen
rotor”. In order to refine the data, the obtained results were
used as initial values during a numerical investigation with
the task of the interaction interface between the calculated
areas “Stage”.

3. Results of investigation of fluid flow in the torque-flow
pump

5. 1. Mathematical model of energy distribution in the
torque-flow pump flowing part

The model described in the study [12] is chosen as a base of
the physical model of the torque-flow pump fluid flow (Fig. 3).

Fig. 3. Physical model of fluid flow motion in the torque-
flow pump flowing part: Q;— flow coming from the impeller
directly to the pump outlet (through-flow); Qs — flow that
does not interact with the impeller blades (flowing stream);
Q, — toroidal vortex

At the inlet of the torque-flow pump, a part of the fluid
enters the impeller. Under the influence of centrifugal forces,
it throws to the periphery. Due to the presence of the stator
wall of a pump casing, the fluid changes the direction perpen-
dicular to the disk of the impeller. The flow, which enters the

free chamber from the impeller, is divided into two parts. The
first part, through-flow (Q,), comes from the impeller directly
into the discharge nozzle of the pump. The other part forms a
toroidal vortex (Q,) in a free chamber of the pump.

The flow that does not come into contact with the blades
(flowing stream, Q,) enters the pump outlet without inter-
acting with the impeller blades. The energy transfer occurs
due to the exchange of the angular momentum with a toroi-
dal vortex in the free chamber of the pump.

Thus, in a torque-flow pump there is a complex process of
energy transfer, consisting of two stages:

— transfer of energy to the through-flow (blade operating
process);

— transfer of energy from the toroidal vortex to the flow-
ing stream (vortex operating process).

A toroidal vortex in the vortex operating process acts as
a so-called “liquid blade”. In conjunction with it, the flowing
stream acquires an increase of energy.

In order to construct a mathematical model of energy
distribution, three conditions were used, which were the
necessary conditions for the steady fluid flow in the torque-
flow pump flowing part.

Firstly, this is the equality of the specific energy at the
impeller outlet (Fig. 3). In this case, the head is the specific
energy of the unit of weight of the liquid:

H=H, )

where H; — the head created by the impeller; Hy — the head of
the flowing stream at the outlet of the impeller.

Secondly, it is the equality of the hydraulic power of the
through-flow and the hydraulic power of the flowing stream:

Ny, =N, 2)

where Nj; — hydraulic power of the through-flow; N — hy-
draulic power of the flowing stream.

Thirdly, this is the equality of the energy of the flowing
stream and the through-flow at the impeller outlet:

pgQ.H, =pgQ . H,, 3)

where H; — the head of the through-flow.
Based on (3), the flow rate of the through-flow and the
flow rate of the flowing stream are equal:

Q,=Q. %)

In the process of transferring energy from a toroidal vor-
tex to a flowing stream, there is a leveling of energy. Thus,
only half of the hydraulic power is transmitted:

1
Ength = ngst (5)

Proceeding from (5), we established the ratio of the fluid
amount which forms the toroidal vortex and the flowing
stream:

1
52.=Q. (6)

Taking into account (4) and (6), the ratio between the
toroidal vortex and the through-flow was deduced:



5Q2.=Q. (N

The maximum possible energy efficiency of the torque-
flow pump operating process without taking into account
the hydraulic losses is the ratio of useful hydraulic power to
the hydraulic power, which is created by the impeller:

2
=N,
N, g''n
=—l1=2__=0.67, 8
Ty N, N, ®

where Nj; — hydraulic power, which is created by the im-
peller.

Taking into account (8), the energy efficiency of the
torque-flow pump is determined by the dependence:

n=mn,nm,, )

where n;, — hydraulic energy efficiency of the torque-flow
pump; M, — mechanical energy efficiency of the torque-
flow pump.

The proposed mathematical model represents the depen-
dence of the torque-flow pump energy efficiency of its blade
and vortex parts. The part of the blade operating process was
represented as the hydraulic power of the through-flow. The
part of the vortex operating process was given in the form of
hydraulic power of the flowing stream.

It was found that the maximum possible energy efficien-
cy of the torque-flow pump operating process is 0.67.

5. 2. Method of designing torque-flow pump impeller
blade

In order to determine the blade inlet By and outlet By
angles of the torque-flow pump impeller, the fluid flow in its
intervane channels should be considered. At the same time,
the fluid velocity components are decomposed into compo-
nents (Fig. 4).

Fig. 4. Triangles of velocities in the torque-flow pump
impeller

The direction of fluid flow near the impeller radius ry
is changed due to the presence of a cylindrical niche of the
pump casing. Therefore, it is advisable to construct triangles
of velocities at the inlet of the impeller, and for some radius
1, which is slightly less than 75. The radius r is characterized
by the direction of the fluid flow from the center to the pe-
riphery of the impeller.

Torque-flow pumps are projected without fluid rotating
at the inlet of the impeller. It means that V,4=0. In this
way, the maximum pump head at high energy efficiency is
ensured.

The blade inlet angle is determined by the dependence:

< (10)

2’ bw’

B, =arctg

where Q;=Q,+Q,, — flow rate through intervane channels of
the impeller; 7 — the impeller inlet radius; by — the impeller
inlet width; o — angular velocity of the impeller.

The blade outlet angle is determined by the dependence:

Q
2mrb, (or -V,,)’ D

B, =arctg
where b, — the impeller width at the radius r; ® — angular
velocity of the impeller; V,, — circumferential component of
absolute velocity at the radius 7

The blade skeleton is connected with the achievement of
a smooth transition from the blade inlet angle value By to the
blade angle value at a certain radius B,

6. Results of the investigation of the torque-flow pump
operating process

In order to research the torque-flow pump operating pro-
cess, the analysis of the fluid flow structure in the flowing part,
in accordance with the cross sections, was performed (Fig. 5).

20 abc 20

Fig. 5. Location of cross sections in the flow structure
analysis in the pump

The distribution of the axial component of the absolute
velocity V, (Fig. 6) allows quantifying the fluid flow through
the pump impeller.

The nature of the change in the radial component of the
absolute velocity Vi (Fig. 7) proves the presence of a toroidal
motion in the torque-flow pump operating process.

The fluid flow structure according to calculating diam-
eters was considered for the refinement of the obtained data
(Fig. 8).

The distribution of the axial component of the absolute
velocity V, (Fig. 9) in the torque-flow pump free chamber
at the diameters: dj,;, (Fig. 9, a): d=158 mm (Fig. 9, b), d=
=242 mm (Fig. 9, ¢) and D, (Fig. 9, d).

The distribution of the static pressure p (Fig. 10) in the
torque-flow pump free chamber was defined at the diameters:
dpp (Fig. 10, @), d=158 mm (Fig. 10, b), d=242 mm (Fig. 10, ¢)
and Dj (Fig. 10, d). The horizontal axis indicates the ratio
of the distance of the calculated point from the wall of the
pump casing to the width of the free chamber B= %
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Fig. 6. Distribution of the axial component of the absolute
velocity V, in the torque-flow pump free chamber: a — near
the wall of the pump casing; b — in the middle of a free
chamber; ¢ — near the impeller
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Fig. 8. Location of calculating diameters in the course of
analyzing the fluid flow structure in the pump

An even distribution of static pressure in a torque-flow
pump free chamber near the outer diameter D, of the impel-
ler (Fig. 10, d) has been experimentally proved.
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Fig. 10. Distribution of the static pressure p in
the torque-flow pump free chamber at the diameters:
a— Ghp, b— =158 mm; ¢ — &=242 mm; d— D,

7. Discussion of the results of investigation of torque-
flow pump operating process

The graphs of the distribution of the axial component of
the absolute velocity V, (Fig. 6) prove that the larger volume
of fluid enters into the new impeller than into the existing
one. So in the range of calculating radius values R/Ry=
=0-0.5 the value of this velocity component is higher using
the new impeller. However, at the impeller outlet, the fluid
flow rate is equal for both ones.

The calculated graphs prove that the value of the
axial component of the absolute velocity V, at the inlet
(Fig. 9, @) and at the diameter d=158 mm (Fig. 9, b) is
higher when the new impeller is used. In this case, its
distribution in the torque-flow pump free chamber at the
diameter d=242 mm (Fig. 9, ¢) and near the impeller outer
diameter Dy (Fig. 9, d) is identical.

The obtained result is caused by the coordination of the
fluid flow angle and the blade inlet angle By, as well as less
losses in intervane channels of the impeller. As a result, the
flow resistance at the impeller inlet is smaller using a new
impeller. Thus, the fluid freely passes through the impeller
intervane channels and heads to its periphery.



One can conclude that when replacing an existing impel-
ler with a new one, the fluid volume in the vortex operating
process Q, decreases. In this case, the through-flow Q; in-
creases. As a result of increasing the blade and decreasing
the vortex part, the energy efficiency of the torque-flow
pump operating process increases.

This phenomenon is also confirmed in the study of the
radial component of absolute velocity V, in the torque-flow
pump free chamber (Fig. 7). It is higher inside the pump
free chamber at the calculating radius in the range R/Ry=
=0.5-1.1 using a new impeller than using an existing one.
This is due to decreasing the fluid amount in the vortex oper-
ating process. The fluid motion in a toroidal vortex occurs in
the direction from the outlet to the inlet of the impeller, that
is, in the opposite direction of the flowing stream. Thus, with
decreasing the vortex operating process part, increasing the
radial component of the absolute velocity V; is observed.

The unevenness of the static pressure distribution at the
diameter d=242 mm (Fig. 10, ¢) is caused by decreasing the
absolute velocity in the direction from the blades edge to the
wall of the pump casing. As a result, static pressure increases.

The proposed mathematical model of energy distribution
in the torque-flow pump flowing part allows quantifying the
blade and vortex parts of its operating process. The obtained
results allowed developing the method of designing the
torque-flow pump impeller blade in view of volumes of the
through-flow Q,, as well as toroidal vortex Q,.

The advantage of the proposed method is the ability to
design a torque-flow pump impeller with a wide range of spe-
cific speed ng. This is an advantage of the proposed method
in relation to the experimental results obtained earlier.

Replacing the existing impeller with straight blades with
the new one with a curvilinear blade profile has allowed in-
creasing the torque-flow pump energy efficiency by 4-5 % [4].

Theoretically calculated impeller blade inlet angle By of
the torque-flow pump SVN 80/32 is estimated at 33°. This
corresponds to the value of this angle at which the maximum
value of the pump energy efficiency is experimentally ob-
tained [4]. Theoretically calculated impeller blade angle B, at

the radius 7=0.875 of the torque-flow pump SVN 80/32 with
ng=60 is 44°. The difference from the experimental value of
this angle is less than 3° [4].

The complexity of further research is related to the
complex structure of the fluid flow in the torque-flow pump
flowing part.

8. Conclusions

1. The mathematical model of energy distribution in the
torque-flow pump flowing part was developed. As a result,
the quantitative distribution of the flowing stream Qj, the
toroidal vortex Q,, as well as the through-flow Q,, was deter-
mined. The maximum possible efficiency of the torque-flow
pump operating process is 1,,=0.67.

2. The method of designing an impeller with a curvilin-
ear blade profile has been developed. It is based on a math-
ematical model of energy distribution in the pump flowing
part. The method allows reconciling the fluid flow with the
geometry of the blade skeleton. The proposed method can be
used in the design of the impeller blade in the whole range of
values of the specific speed g, in which torque-flow pumps
are used. So, for a pump SVN 80/32 with specific speed
ny=60 theoretically calculated the impeller blade inlet angle
is B1=33°, for which the maximum energy efficiency of the
pump has been experimentally achieved. Theoretically cal-
culated impeller blade angle B, at the impeller radius r=0.879
of the torque-flow pump SVN 80/32 is 44°. This corresponds
to the experimental results.

3. The proposed impeller blade design allows reducing
the vortex part and increasing the blade part of torque-flow
pump operating process. This occurs by coordination of the
fluid flow angle and the impeller blade inlet angle By, as well as
reducing losses in the impeller intervane channels. As a result
of reducing the resistance at the impeller inlet, the fluid freely
enters impeller intervane channels and heads to the periphery.
As a result, the torque-flow pump energy efficiency using a
new impeller is 4—5 % higher than using the existing impeller.
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Y oanomy docaidxcenni 6yno pospoéae-
HO HOBY CYUIbHY KOHCMPYKUIIO MEnI06UX
mpy6 0nsa nidsuuwienHs Mennoeux xXapak-
mepucmux. Bueuenns xuninns y cyuino-
Hill mennoeill mpy6i 0ocaioncyemocsa 0as
demanvnoi ingopmauii npo 3apooxcenHs
oynvoamox. Excnepumenm nposoouecs 6
CYuibHuUX menyosux mpybéax 3 eapiauieio
eunapnuxa (d) do cnissionowenns diamempa
xondencamopa (D). 3navenns d/D sminio-
tomoca 6 1/1;1/2;1/3 i 1/4. Tennose nagan-
MaxdceHHs 2eHepYEmMvbCss HA CeKUii BUNApHU-
xa 3 euxopucmannsm DC-Power naspieaua
na 30, 40 ma 50 Bm. Texnonozis éizyanizauii
Oyna pospobaena 3a 00nomMoz010 npo3opoi
CKAAHOT mMpYOKU, A 3HIMKU KURAAUUX OYIlb-
Ooawox Oyau 3pobaeni 0zepranvioro Kame-
potro. Haxun ckaanoi mpyou cmanosumo 45°
ma inmezposano 3 mooynem NI-9211 ma
c-DAQ 9271. Tepmonapu K-muny écmanog-
N106ANUCS HA BUNAPHUKY MA KOHOeHCamop-
HUX CeKUiAX 0151 BUMIDIOBAHHS meMnepamy-
PU Kuninmsa 6 cyuiavnii mennoegii mpyoi.

Buxo0suu 3 pezyavmamis, MoxcHa 3a3Ha-
yumu, wo pisni eapiauii cnieeéioHOUWEHH
menno6020 HABAHMANCEHHS MA CNiB8IOHO-
wenns oiamempa (d/D) eunapnuxa ma Kon-
dencamopa eénaugaiomv Ha po3mip i popmy
Kunnauux Oyavbawox, a maxoiyc memne-
pamypy 3apoorycenns HA CYULIbHIL Meno-
60i mpyo6i. Koegiuienm mennonepedaui mae
mendenuito 00 36invbUEHH NPU MENTOBOMY
Hasanmasncenni 50 Bm ma cniggionowenni
diamempa d/D=1/4

Knrouosi cnosa: sizyanizauis xun'amin-
HA, ymeopenns 0yavoawox, Koniuna mpyoa
MenaonoAUHAnH, Koeiyichm eunaposy-
eéanns 0o diamempa Konoencamopa

|l =,

1. Introduction

Heat pipe is a technology that uses porous media in the
form of wick, which serves as a path for the return of liquid
fluid from the condenser to the evaporator. The basic princi-
ple Heat pipe uses two-phase flow, latent heat and capillary
channel for working fluid circulation between heating and
cooling areas with wick media. The structure, design and
construction of wick had a strong influence on heat pipe
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performance and had a critical aspect in the manufacturing
process.

The working system of heat pipe at a certain pressure,
the liquid will evaporate, while the steam will also melt at a
certain temperature, so that there will be pressure settings
in the heat pipe which in turn will also regulate the working
temperature and phase changes from liquid to vapor and vice
versa. The capillary pressure in the wick will move fluid even
against gravity due to the effect of capillarity.




