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Abstract. The significance of this work is justified by the lack of experimental data on the operation of
thermosiphons as part of the waste heat boilers (WHB) with gas turbine engines (GTE), whose
capacity is from 2 to 10 MW. The aim of the work was achieved by physical modeling of the heat
transfer process in the thermosiphon cavity in the range of heat loads from 0.5 to 17 kW/m?. The study
of the internal temperature difference of two-phase gravity thermosiphons at thermal loads up to 17
kW/ m?was performed experimentally. The paper shows a scheme of the experimental research stand.
The graphical dependence of the temperature difference in the thermosiphon cavity on the heat flux
density is presented. The root-mean-square error of experimental results was calculated, being up to
5.7%. The significance of the obtained results lies in that the existing calculation method was
improved due to the mathematical dependences obtained for calculations of the internal temperature
difference, and became applicable in the calculation of heat exchangers based on two-phase
thermosiphons operating in the heat load range of up to 17 kW/m?. The experiments performed
confirm the competitiveness and high thermal efficiency of the two-phase gravitational thermosiphons
under the regime conditions typical for the WHB plants. This makes promising the use of the two-
phase gravitational thermosiphons compared to traditional coil heating surfaces.
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Studiul perspectivelor utilizirii termosifoanelor gravitationale in doua faze in cazanele termice utilizatore
ale instalatiilor de cogenerare
Dolganov Yu.A., Epifanov A.A., Patsurkovsky P.A., Sorokina T.N., Lichko B.M.
Universitatea Nationalda de Constructii Navale, amiralul Makarov
Nikolaev, Ucraina

Rezumat. Lipsa datelor experimentale privind functionarea termosifoanilor in componenta cazanelor termice
utilizatoare ale centralelor electrice cu cu turbine cu gaz (GTE) cu o capacitate de la 2 pana la 10 MW determina
relevanta acestei lucrari. Scopul lucrdrii in obtinerea relatiilor pentru calcularea diferentei de temperatura interna
a termosifoanilor la sarcini termice de la 0,5 la 17 kW / m?. Obiectul cercetdrii il reprezintd parametrii si
caracteristicile procesului de recuperare a caldurii in elementele cazanelor de recuperare a termosifonului, ca
parte a circuitelor de recuperare a céldurii din centralele de cogenerare cu gaz-abur (ITGA). A fost realizat
experimental studiul diferentei de temperaturd internd a termosifoanelor gravitationale in doua faze la sarcini
termice de pand la 17 kW / m? Lucrarea prezinti o diagrami a unui stand de cercetare experimentald.
Rezultatele cele mai semnificative ale lucrarii se prezinta relatiil de calcul a diferentei interne de temperaturd in
intervalul de sarcini termicd de la 0,5 la 17 kW / m? Semnificatia rezultatelor obtinute consti in faptul, ci
metoda de calcul existenta a fost imbunatitita datoritd dependentelor matematice obtinute ale calculului
diferentei de temperatura internd si a devenit aplicabild pentru calculul schimbatoarilor de caldurd pe baza
termosifoanilor cu doud faze, care opereazd in gama de sarcini termice pand la 17 kW / m? Experimentele
confirma competitivitatea si eficienta termica ridicata a termosifoanelor gravitationale in doud faze in conditii de
functionare, tipice pentru cazanele termice utilizatoare ale instalatiilor de cogenerare, ceea ce le face mai
promitatoare in comparatie cu suprafetele traditionale de incalzire de tip spirala.

Cuvinte-cheie: sifon gravitational bifazic, cazan de caldurd utilizator, densitate de flux de céldura, rezistentd
termica.

HccnenoBanue nepcrneKkTUB UCHOJIb30BAHMS ABYX(a3HBIX IPABUTAHMOHHBIX TEPMOCU(OHOB B KOTJIAX-
YTHIM3ATOPAX KOreHepAlMOHHBIX YCTAHOBOK
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MBT 00ycioBIMBaeT akTyajlbHOCTh JaHHOW paboThl. Llenbio paboThl ABJIsIETCS MOTy4YeHHE 3aBUCUMOCTEH IS
pacdera BHYTPEHHEI0 TEMIIEPATYpPHOI'O IIeperaza TEPMOCHU(OHOB IPH TEIJIOBBIX Harpy3kax or 0.5 mo 17
kB1/mM% TlocTaBneHHas 3ajaya TOCTHTAeTCs MyTeM (DM3MYECKOTO MOJETMPOBAHMs MPOIECCa TEIIOOOMEHa B
nojiocTH TepmocudoHa B AMANa3oHe TEMIOBBIX Harpy3ok oT 0.5 mo 17 xBr/m? IlpeameroM ucclefoBaHUs
ABJISIIOTCSL TIApaMeTphl M XapaKTEPHCTHKH TPOIECca YTHIM3AIWM TEIUIOTHI B 3JIEMEHTaX TEPMOCH(OHHBIX
KOTJIOB-YTHIN3aTOPOB B COCTaBE TEIUIOYTHJIM3AIMOHHBIX KOHTYPOB KOTCHEPALMOHHBIX TIa30HapoTypOHHHBIX
ycranoBok (I'TITY). HccnenoBanne BHYTPEHHETO TEMIIEPAaTypHOTO Mepemnana ABYX(a3HBIX TPABUTAIIOHHBIX
TepMOCU()OHOB IPH TEMNOBLIX HAarpyskax 1o 17 kBT/M? mpoBoaunuch SKCIepUMeHTalbHbIM IMyTeM. B pabote
NPE/CTaBICHa CXeMa OKCIIEPUMEHTAJIBHOIO MCCIIEIOBATENLCKOTO CcTeHaa. Haubosee cymiecTBEHHBIMU
pe3ynbTaTaMu pabOTHI SIBJIAIOTCS IMOJYYEHHbIE 3aBUCHMOCTH, KOTOPHIE MO3BOJISIIOT OCYLIECTBISITH pacder
BHYTPEHHETO TEMIIEPATYPHOTO TEPENajia B JUANa30He TEIUIOBBIX Harpy3ok ot 0.5 o 17 kBt/m2. Tlpencrasnena
rpaduyeckasl 3aBUCUMOCTh TEMIIEPAaTYpHOI'O Mepenaja B IMOJOCTH TepMOCH(pOHA OT IUIOTHOCTH TEIUIOBOTO
noToka. PaccuuTana cpenHeKkBagpaTH4Has HOTPEUIHOCTh DPE3yJIbTATOB AKCIIEPUMEHTAIBHBIX HCCIIEAOBaHUM,
KoTOpas He mpeBblmaeT 5.7 %. 3HaYMMOCTh NOJIYYEHHBIX PEe3yIbTaTOB COCTOUT B TOM, YTO CYILECTBYIOIIAs
METOJMKa pacueTa OblIa yCOBEpPIIEHCTBOBAHA 3a CUET NOJYYEHHBIX MAaTEMaTHYECKHX 3aBHCHMOCTEH pacdera
BHYTPEHHETO TEMIIEPATypHOTO IEpenana, W crajla MPUMEHHMa JUII PacueToOB TEMIOOOMEHHBIX anlapaToB Ha
0ase nByX(asHbIX TepMOCH(POHOB, PAGOTAIOIMX B AUANA30HE TEILIOBBIX HArPY30K A0 17 kB1/M2. TIpoBeeHHbIE
OTBITHl  TIOATBEP)KJAIOT KOHKYPEHTOCHOCOOHOCTP W BBICOKYIO TEIDIOBYIO 3((EKTHBHOCTh IBYX(ha3HBIX
TPaBUTAllMOHHBIX TEPMOCH()OHOB B DPEKHUMHBIX YCIOBHSAX, XapakTEpPHBIX [UI1 KOTJIOB-YTHIH3aTOPOB
KOTCHEPAI[IOHHBIX YCTAaHOBOK, YTO OOYCJOBJIMBACT INEPCHEKTUBHOCTh MX HCHOJIB30BAHUS 10 CPAaBHEHHUIO C
TpaAUIIMOHHBIMU 3MEEBUKOBBIMU IMTOBCPXHOCTAMU HAIrpeBa.

Kniouegvie cnoea: nByx¢ha3Hblli TpaBUTAaLMOHHBIA TePMOCH(OH, KOTEJI-YTWIN3ATOpP, IUIOTHOCTH TEIUIOBOIO
MOTOKA, TEPMUYECKOE COIPOTUBIICHHE.

Introduction recommendations  concerning  thermosiphon
WHB use in gas steam turbine plant design are
absent.

The existing methods for thermosiphon WHB
calculation have a large number of assumptions,
like not to take into account the internal
temperature difference in thermosiphons and the
rate of natural circulation in the evaporative
circuit, that leads to the WHB heat transfer
coefficient and power coefficient errors [13-17].

Recent studies describe the two-phase
thermosiphons and contain information on their
operation as to heat transfer agents, such as,
deionized water, the water based on titanium
dioxide and gold nanofluids with different
concentrations as working fluids [18], water
nanofluids based on Al;Os [19], and water with
iron oxide nanoparticles [20].

The authors of [18] note that the long-term
experiments carried out with 0.3% of
nanoparticles indicate a massive aging of the
porous layer on nanoparticles on the evaporator
surface. This fact makes the practical use of
nanofluids inexpedient. Thus, it is advisable to
use traditional coolants in high-capacity power
plants, which contain thermosiphons in their
structure.

In [21], the designs of heat exchangers and
the peculiarities of their operation as being part
of two-phase thermosiphons under heat load on
thermosiphon up to 3 kW/m? are considered in
sufficient detail.

The development of power engineering based
on gas turbine and gas-and-steam turbine
technologies provides increasing the thermal
power plants efficiency and reducing their
negative impact on the environment. Against the
backdrop of energy systems decentralization,
cogeneration GSTP based on the GTE with
capacity from 2 to 10 MW is promising for the
application in the power engineering.

An important element of the GSTP heat
recovery circuit (HRC) is a WHB. On the one
hand the use of the coil heating surfaces and
forced circulation in the evaporating circuit of
the WHB vertical arrangement provides an
increase in the compactness of the HRC, and on
the other it reduces the reliability of operation
because of the failure of the coils [1-5].
Horizontal waste heat boiler (WHB) design with
a natural circulation in the evaporator circuit has
a specific quantity of metal structure, as well as
greater aerodynamic resistance under equal
conditions of design and operation, which
decreases the whole plant capacity [6-9]. The
thermosiphon heating surfaces with a natural
circulation in horizontal WHB can increase the
efficiency of heat recovery and the reliability of
the whole plant [10-15].

Heat utilization is studied by the leading
educational institutions, academic institutes and
heat exchange equipment manufacturers, using
the heat exchangers based on two-phase
thermosiphons. However, the knowledge and
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At present, there are no data on the features of
the thermosiphons in the WHB structure for the
high-capacity power plants from 2 to 10 MW,
where the thermal load value per thermosiphon
is above 3 KW/m?,

Thus, the researches aimed at obtaining  the
knowledge and regulations on the thermosiphons
used in the WHB of the cogeneration GSTP are
relevant.

A number  of  dependences and
recommendations for the calculation of internal
thermal resistance are given in the works of
scientists, who study the internal processes in
heat pipes, thermopile and thermosiphons. In
particular, in [21] for thermosiphons with natural
circulation, the thermal resistance of the steam
flow is presented as following:

_ h'ts.ts “ Oy (pw _ps) (1)
r-ps-Qe 'dts

int

where h is the height difference between the
liquid level in the condenser and evaporator, m;
s is the heat flux density related to the surface
area of the heat supply, W/m2,

However, the calculations using formula (1)
give a significant error at thermal loads more
than 3 kW/m? due to neglecting the
hydrodynamic friction of the vapor stream on the
condensate film, flowing into the evaporation
zone and simplifying the length difference
between the evaporation and condensation zones.

In [22], the following dependence for
determining the internal heat differential of the
actuating medium for the steam thermopile is
offered:
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Equation (2) was obtained for the condition
of laminar fluid and vapor motion with thermal
loads less than 300 W/m? and was recommended
for the use heat carriers such as kerosene and
freon-12.

Another dependence was recommended in
[12] for calculations of the internal thermal
resistance of thermosiphons in the range of
thermal loads up to 10 kW/m?:

q0.333
Rint = At;333 ' (3)

where A is the coefficient with taking into
account geometric parameters of thermosiphon
and the physical properties of the heat carrier.
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None of the above mentioned dependencies
can’t give reliable results and therefore cannot be
used for thermal calculation of heat exchangers
for the cogeneration GSTP waste heat boilers
with gs=0.5...17 kW/m?,

In the existing methods of thermosiphon heat
exchangers calculation [21, 23], one of the
assumptions is to determine the thermal power
by the average temperature in the cavity of the
thermosiphon, which introduces a significant
error.

(4)

Problem setting

The main purpose of the research is to obtain
dependences for the thermosiphons internal
temperature difference calculation at thermal
loads up to 17 kwW/m?.

The subject of the research is the parameters
and characteristics of the heat recovery processes
in the elements of the WHB thermosiphon as
part of heat recovery circuits of the cogeneration
GSTP.

Results and Discussion

This research is based on the physical
modeling method. It was used in experimental
studies of the internal temperature difference of
two-phase gravity thermosiphons at thermal
loads of qis=0.5...17 kW/m?.

The technique of experimental research
includes the followings: experiment planning,
analysis of the obtained results and error
estimation,  verification of the results
acceptability  and their interpretation,
presentation of the obtained data in an orderly
visual form.

The most important characteristic of
experimental studies is the error of direct and
indirect measurements. The error of the basic
measurements error was evaluated at the
planning stage of the experiment. This allowed
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choosing the most rational technique for
conducting the experiment. In the literature [24,
25] the principle of choosing the required
number of measurements is given. A total
measurement error excludes systematic As and
random error A.. For the experimental research

of the internal temperature difference of
thermosiphons, the condition 2A&A, Was
fulfilled. The number of measurements taken for
each conditionally constant mode was equal 5.
The technique of the experiment and the
errors determination are presented in Fig. 1.

Determination of systematic error As

v

Determination of random error Ar Using 5 experiments

L\ 2 Y v
AS > 2Are As = Are 2AS < Are
v v v

One measurement is sufficient

to determine this parameter.

Absolute measurement error:
A=A

N measurements are required
to determine this parameter.
Absolute measurement error:

A= A2 +A2

N measurements are required to
determine this parameter.
Absolute measurement error:
A= Ar

Fig.1. The technique of the experiment and errors determination.

The experimental stand was designed for
carrying out the working process in two-phase
gravity thermosiphons. This stand is shown in
Fig. 2. It allows direct monitoring the processes
occurring in all zones of the thermosiphon, as
well as simulating the operating conditions,
which are typical for the WHB of the GSTP.

The working area of this stand is made of
tube of transparent quartz glass with an internal
diameter 25 mm and the glass thickness of 1.5
mm. The length of the evaporation zone was 1.0
m and the length of the condensation zone varied
from 0.2 to 0.5 m.

A three-way valve with a vacuum manometer
for measuring pressure inside the thermosiphon
and the Maevskii air-purge valve for vacuuming
the thermosiphon were connected to the upper
part of the evaporation zone.

The thermosiphon filling-in was carried out
with the help of heat carrier through the top
valve. The heat carrier removal from the
thermosiphon occurred through the valve at the
bottom of the thermosiphon.

An important step in the design of the heat
transfer systems with thermosiphons is the
correct choice of the heat carrier and case
material, because it affects the service life and
metal consumption of the device as a whole.

The choice of the heat carrier was performed
based on the physical properties analysis.

Water is the best heat carrier by many
parameters (heat transfer, cost, availability, fire

and explosive risk) according to the analysis of
thermophysical properties [21, 23].

That is why the distilled water was used as
the heat carrier.

During creation of the working area, special
attention was paid to the removal of non-
condensing gases (air) from the cavity of the
thermosiphon.

The incomplete air removal forms additional
thermal resistance, which reduces the intensity of
heat transfer.

The impact of air increases with its volume
and is especially pronounced in the reduced
pressure and low thermal loads areas.
Vacuuming of the thermosiphon was carried out
by evaporation of the heat carrier.

As a result, the air was deflated by the formed
steam through the Maevskii air-purge valve.

The heat carrier heating in the thermosiphon
was performed using a 0.5-diameter nichrome
wire electrical heater.

The wire was wound over the entire height of
the evaporation zone with a pitch of 10-15 mm,
so it was possible to observe the processes in the
pipe.

The heater power was controlled using an
autotransformer and measured by ammeter and
voltmeter.
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1 — autotransformer; 2 — evaporation zone; 3 — heater;
4 — water case; 5 — condensation zone; 6, 12 —
thermocouples; 7, 10 — numeral thermometers;

8 — vacuum manometer; 9 — Maevskii air-purge valve;

11 — rotameter.

Fig.2. Scheme of the experimental installation for the

thermosiphon analysis.

The condensation zone of the thermosiphon
was cooled by water, which was pumped
through the circular space between the
thermosiphon tube and the water case. The valve
was used to control water consumption. It was
measured by the PC-5 type rotameter. The water
temperature was measured by the digital
thermometers with a graduation mark of 0.1 °C
at the inlet and outlet of the water case.

The working area was equipped with
thermocouples for internal working processes
and thermosiphon thermal modes study. The
temperature of the heat carrier in the evaporation
zone was measured by the THK-002 L100
temperature sensor (chromel-copel thermocouple
with a 100-mm working section length), which
was set from the lower end of the pipe and
sealed by the fitting. Temperature of the heat
carrier in the condensation zone was measured in
two positions: first, the THK-002 L100 sensor
was used to determine the total heat transfer at
the thermosiphon. Secondly, the THK-002 L350
sensor was used to determine the average
temperature in the thermosiphon condensation
zone in three operating positions (at distances
1150, 1250 and 1350 mm from the thermosiphon

bottom). The cable terminals of the THK-002
sensors were connected to the 12-TP device
designed to receive and convert input signals to
the physical values and display the received
value on a built-in digital display. The [12-TP
device was connected to the computer via the
RS485/USB interface converter, where special
software made it possible to obtain the
information from the sensors, which was viewed
and documented [26].

The heat flux density was defined as the ratio
of thermal capacity of the thermosiphon to the
cross-section area of the evaporation zone. The
thermal capacity of the thermosiphon was
determined by the cooling water flow rate and
change in its temperature. The saturation
pressure varied in the range from 0.05 to 0.8
MPa. The cooling water consumption
corresponded to the flow regimes in
thermosiphon heat exchangers designed to
produce the hot water and steam, and varied in
the range Gy = (7,8... 14,4)-10° kg/s. The water
temperature at the inlet of the condensation zone
remained unchanged and was 12 °C. The degree
of evaporation zone filling was €=35%. The
relative length of the thermosiphon under study
was I/d = 42...53. The length of the evaporation
zone was 1 m, and the length of the
condensation zone varied from 0.25 to 0.5 m.
The internal diameter of the thermosiphon was
0.025 m and the outlet diameter was 0.028 m.

The reliability of the experimental data is
ensured by using modern measuring complex
"RegMik" [2-TP (the measurement error
according to the manufacturer's data is up to Aty
= + 0.25 °C [26]) and high accuracy of
measuring devices.

The accuracy of the indirect measurement
result was estimated by the root-mean-square
error of the following formula:

-+

2
o[ df 2
5 = Z[ de s (5)
where oy is the root-mean-square error of the
direct measurements.

The accuracy of the measurement results of the
internal temperature difference was estimated by
the error:

2 2 0.5
o) (o o] o
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where Aty = Aty =+ 0.1 °C is the absolute errors
of thermocouples measurements in the
evaporation and condensation ZOones,
respectively; t,, tx are the measured values of
temperatures in evaporation and condensation
zones, respectively, °C.

The error values that were determined during
the experimental research are shown in table 1.

Visual observations were carried out on the
experimental stand in the range of thermal loads
g = 0.5...17.0 kW/m?, which usually take place
during the operation of thermosiphons as part of
the WHB at cogeneration plants.

Table 1
Limit values of quantities and its measurement errors
Numeric Absolute Relative
No Parameter Mark value in error in error in
B ing modes modes modes,%
min | max | min | max | min | max
1 The tempe_rature of the the_rmosmhor! 82 | 995 01 01 | 012
heat carrier in the condensation zone, °C
9 The temperature of the thgrmosmhoon t, 87 110 01 009 | 011
heat carrier in the evaporation zone, °C
3 Temperature dlfferer}ce in tr:e cavity of At 05 48 100231 025 | 46 | 57
the thermosiphon, °C

The pulsation regime of bubble boiling was
observed in the thermosiphon evaporation zone
at the low heat flow densities up to 3.0 KW/m?
(Fig.3, a). The fluid level in the thermosiphon is
slightly increased due to the appearance of the
vapor phase in the liquid column. Bubbles
collision and fusion don’t occur because bubbles
concentration in the boiling liquid was too small

a b

at such heat flux densities.

There was a transition to a pulsating boiling
mode with increasing thermal power by more
than 3.0 KW/m? (Fig.3, b). The limited size of the
evaporation mirror (cross section of the
thermosiphon) is caused by the reason that not
all bubbles have time to reach the free surface
and collapse.

c

Fig.3. Visualization of boiling process in thermosiphon:
a — bubble (non-pulsating) boiling; b — the fusion of steam bubbles; ¢ — emission of coolant

There was a fusion of vapor bubbles into
large bubbles in the liquid fluidized bed. The

size of these bubbles was comparable to the
inner diameter of the thermosiphon. The coolant
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emission was observed, when the bubbles were
destroyed (Fig.3). When the coolant returns the
part of the evaporator wall is covered with the
evaporating film. The ejection was repeated
periodically, so the boiling process became
pulsating. Emissions alternated with periods of
"silence”. The nature of the condensate
movement in the evaporation zone did not
change with heat load increasing, and the
condensate flowed into the fluidized fluid
column in the form of separate droplets. After
some time, the ejection was repeated, that is, the
boiling process became pulsating.

Thus, based on the conducted studies, there
are two boiling modes in the evaporation zone of
the thermosiphon depending on the thermal load:
at gs < 3.0 kW/m? (the non-pulsating mode of
boiling in the liquid column) and at gs > 3.0
kW/m? (the pulsating mode of the active bubble
boiling in a column of liquid).

Certain recommendations can be given
concerning the evaporation zone filling degree,
taking into account the results of the research
and qualitative picture of the processes in the
evaporation zone. The coolant release into the
condensation zone is found undesirable, because
it reduces the intensity of heat exchange due to
the film thickness increase. The degree of
evaporator filling in the range from 20% to 35%
is advisable at thermal loads of up to 3.5 kW/m?
and from 15% to 20% at thermal loads over 3,5
KW/m?2,

At, 'C

The results of the studies showed, that the
dependence (3) in the range of up to 10 kW/m?
gives the difference with the experimental data
up to 50%. The maximum error reached 22%, at
the thermal load above 10 kW/m?,

The dependence for the calculation of the
internal temperature difference in the cavity of
thermosiphons was obtained based on physical
modeling of the internal processes in the
thermosiphons. Using the basic parameters and
considering the degree of their influence on the
internal temperature difference, introducing the
coefficients of temperature dependence on
pressure in a given range of thermal loads, the
following dependence was obtained:

Ap, = (0 +6a)-” éhi o
2v

_Q. (7)

/Ir .tS.S
.
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s 2r

where & is the coefficient of hydrodynamic
friction; &a is the hydrodynamic acceleration
coefficient.
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1 - the results of calculations according to the formula (3) at gis < 10 KW/m?, 2 - the results of calculations
according to the formula (7); 3 - the results of calculations according to the formula (3) at 10 < ¢ <17 kW/m?; 4
- the experimental results.

Fig.4. Dependence of the temperature difference in cavities of the thermosiphon on heat flux density:
a—ls=12m;b-ls=15m

The limits of using the obtained dependences
:

1) 0,5<qs< 17 kW/m?;

2) intermediate coolant - water;

3) 42 <Il/ds < 53.

The results of the studies are presented in Fig.
4 as the dependence of the temperature
difference in the cavity of the thermosiphon on
the density of the heat flux transmitting by
thermosiphon. The analysis of the results showed
that in the studied range of values of the heat
flux densities, the internal temperature difference
increases with the increase in the value of the
heat flux density.

Comparison of the experiment results and the
those of calculation by the dependence (7) for
thermal loads of up to 10 kW/m? showed a slight
discrepancy up 0.45 °C. This can be explained by
the imperfection of thermosiphon vacuumizing
by the evaporation method and the insignificant
residue of non-condensing gases in the
thermosiphon, which affect the internal
temperature difference within the limits of low
pressures and thermal loads.

After the analysis, it can be concluded that
dependence (7) can be recommended for
improving the method of calculation of
thermosiphon heat exchangers operating in this
range of thermal loads up to 17 KW/m?.

The experiments have shown that in the
studied range of thermal loads the difference in
the saturation temperatures of the coolant in the
lower part of the evaporation zone and the
average saturation temperatures over the
condensation zone are up to 4.1 °C (Fig.4). It
was established that an increase in the
transmitted heat flux density from 0.5 to 17.0
kW/m? increases the temperature difference at
the height of the thermosiphon from 0.5 to 4.1
°C, which is 5% less than the average calculated
value of the saturation temperature.

Conclusions

The conducted experiments confirmed the
high thermal efficiency of the two-phase gravity
thermosiphons under the mode conditions, which
are typical for the WHB of the cogeneration
plants. The obtained experimental data on the
internal temperature difference confirm the
competitiveness  of  thermosiphon  heating
surfaces compared to the traditional coil and
allow their using in the WHB designs.

On the basis of the conducted researches, in
order to prevent the release of the coolant into
the condensation zone, it is advisable to keep the
degree of the evaporator filling in the range from
20% to 35% at thermal loads up to 3.5 kW/m?
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and from 15% to 20% at thermal loads more than
3.5 KW/m?.

As a result of the experimental studies of the
internal temperature difference of the two-phase
gravity thermosiphons by approximation, an
analytical dependence was obtained for the
calculation of the internal temperature difference
of thermosiphons Atis = f (qss), in the range of 0,5
< (s <17 KW/m? and 42 < l/ds < 53 using water
as an intermediate coolant. The accuracy of the
experimental results was estimated by the root-
mean-square error, which is up to 5.7%.
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