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Oc106010 0as ananimuvnux 00CAI0NHCeHb 63AMi pe3yavbma-
mu 2i0pasaiMHux 6unpodyeans GPUIKAILHUX POPCYHOK O 3Mi-
wysavozo (600ocmpymenesozo) Konoencamopa napu mypoo-
eenepamopa mennogoi enexmpocmanuii. Poboma euxonyeanaco
na emani nycxoeux onepayiii TEC. Taxi 2iopasniuni eéunpo6oey-
8aHHA BUKOHAHI CNIBABMOPAMU HA emani NYCKoBuUx onepauii 0us
Paszoancovroi TEC (Bipmenin). TEC posmiwena 6 mManogoonomy
2ipcoKOMY pezioni i ii 0coOUBICMIO €: CYXe 0XON00NHCEHH UYUPKY-
NAUTUHOT 600U 68 PAdiamoOPHUX 2PAOUPHAX; OCHAUWEHICMb KOHOEeH-
camopom napu 3mMiuly6aivbH020 muny.

Ocnoenum 3ae0annam 2i0paeniunux 00Caioxncens OYa0: eusna-
wumu Qaxmuuny nponyckuy zoamuicmo, 3nalmu Koediuicum
sumpamu opcyHox 015 KoHOeHCAmopa napu, a MaKoHc 6UKOHAmMu
ananiz ix pooomu 6 ymoeax eaxyymy 6 KOHOeHCamopi.

Hocnidacysanucoy opcynxu 060x munopo3mipie odiamempom
13 Mm ma 15 mm 3 060ma omeopamu O POINPUCKYEAHHS 0X0T00-
JHCYBANLHOT 600U 8 NAPOBOMY NPOCMOPI KOHOeHCamopa.

Hocnioxwcyrouu eiopasniuni xapaxmepucmuxu Q=f(H) 3a600-
CoKUX POPCYHOK Po3MileHUX 6 Kitui 6000P03100iabH020 MPY6ONpPo-
600y OYs10 6us6NeHO, WO diamemp omeopy (PopcyHoK icmomHo He
eénueas Ha eumpamy 600U npu oonaxosux nanopy eoou. Taxuii
pesynvmam 0Ye HACAIOKOM MO20, WO OMPUMAHO XAPAKMEPUCTIUKY
mpy6onposody, a He OpUIKATPHUX anapamy.

Hooanvwi zidpasniuni 0ocnioxncenns Qopcynox euxonawi Ha
cneuiansHoMy 1A0OPaAMOPHOMY CMeHOi.

Bcmanoeneno, wo 6 ymosax eaxyymy 6 KoHOeHCAMOopi napu npo-
nycxna 30amuicmv Gopcynox Gyde euuwioro Hinc 6 ammocdeprux
ymoeax. Ane 6 3aMKHYymill cucmemi UUPKYIAUilHO20 6000n0OCMA-
YaHHs 3a2a/bHA eumpama 600u opcynxamu oyde pienoio noodaxi
0X0710021cY8aNbHOT 800U Hacocamu danoi cucmemu. Toomo nooaua
0X071002CYBAILHOT 600U 8 KOHOEHCAMOP CYMMEBO He IMIHUMBCSL.

Jlocaidsceno maxosc modcausicmo 30invuenns nodaui 6o0u
6 KOoHOeHCamop 0 NIOGUUWEHHS eHep2emUMHUX NOKAZHUKIE.
Buxonanuii ananiz noxasye HeMoNCaAUBICHL CYMMEB020 30iTvuLeH-
Hs nodaui 600u 6 Kondencamop mypoinu wasxom 3oivuenns dia-
Mempie omeopis GpusKanvHUX PopcyHoK. Adxice ue He npu3600uUMs
00 CYyMmes020 3MEHUEHHS 3A2ATBHUX MPAM HANOPY 600U i nodaui
UUPKYAAUTUHUX HACOCI8 8 CUCEMY 0X0TI00HCEHHS NAPU 6 KOHOEeH-
camopi mypoinu

Kmouoei caoea: Opuskanvnuii anapam, 6000po3nooijoHuil
mpyo6onposio, 0xono0HuK 600u i napu eaexmpocmanyii, Hanopu i
sumpamu
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1. Introduction

Water-distributing pipeline systems with spraying noz-
zles are a technological component in various sectors, par-
ticularly at facilities for cooling technical water at TPP
and NPP. At TPP and NPP, the networks of pipes to supply
and distribute water are used as elements in the tower and
fan coolers, spraying pools, as well as steam condensers of
mixing type.

The temperature of cooled technical water significantly
depends on specific hydraulic load across the cooling area.
That is why the uniformity of spraying hot water over the
area of a cooling tower and a sprayer, as well as the size of its
drops, are an important factor, along with air parameters, for
cooling technical water in a cooling tower.

At the initial stage of hydraulic research into the nozzles
of a steam condenser of mixing type we obtained very close

values for the flow rate of water for two different dimensions
of nozzles. This can be explained by the prevailing influence
of the hydraulic characteristics of a pipeline.

The relevance of this work is in determining the mutual
influence of hydraulic characteristics of water-distributing
pipelines (WDP) and their spraying devices in the coolers
at enterprises’ circulating water supply systems.

2. Literature review and problem statement

General-purpose research and development studies, in-
dustry procedures, and scientific papers have addressed the
design and hydraulic calculation of WDP with spraying de-
vices. Hydraulic calculation of a pipeline system for cooling
technical water at cooling towers defines the diameter of the
main and distributing pipes with the required water head, as




well as the uniform spraying of water over a cooling tower’s
area. Water-distributing pipelines at TPP are designed to
feed water in a stepless manner via technological condensers
and further on to the spraying devices at cooling systems.

The sectoral procedure to design cooling towers [1] de-
fines the base for technological calculations and structural
features of cooling towers. For example, for a cooling tower,
the estimated water flow rate along a main waterpipe is tak-
en to be equal to 1.5...2.0 m/s, while that along distributing
pipelines — in the range of 0.8...1.5 m/s. Specific hydraulic
load g, over a cooling tower’s area is determined from tech-
nological calculations and is about 8—12 m3/(m?h), depend-
ing on the type of a sprayer, or 251-419 MJ/(m?h) [1]. How-
ever, procedure [1] does not give detailed recommendations
on the hydraulic calculation of WDP and nozzles.

In cooling towers, the common systems are cooling
water supply with a central riser, the main and distributing
(working) pipelines. WDP at tower coolers can include a
one-circuit or two-circuit systems [2]. As regards the latter
systems, the mutual influence of hydraulic characteristics of
spraying devices and their WDP is less significant.

To determine the diameters of pipes for distributing
systems at cooling towers, the estimated formula that
was originally used had been derived from the Bernoulli
equation for a stationary flow of liquid with variable water
flow rate lengthwise the distributing pipelines. The main
pipelines for a system of circulating water supply with
cooling towers are calculated based on a procedure for long
pipelines. And the modules of distributing pipelines with
spraying devices are calculated mainly using a procedure
for short pipelines. To simplify calculations and ensure a
uniform hydraulic load over a cooling tower’s area, bound-
ary conditions [3] were accepted regarding a change in the
diameters of pipelines and risers at WDP for different types
of cooling towers.

The functional dependences for calculating WDP at
cooling towers [3], in addition to the specific hydraulic load
q. over a cooling tower’s area, are supplemented with an
indicator for the non-uniform distribution of water over the
sprayer of a cooling tower’s water m,,;. This indicator is equal
to the ratio of water flow rate through the first g4 and the
last nozzle gy it is recommended for cooling towers within
my;i=0.9...0.95. The indicator mpr depends on the number of
openings within a distributing pipeline K, which is the ratio
of the total area of all openings, arranged for spraying devic-
es along DP, to the DP cross-sectional area (K,<0.20...0.25).
According to [3], the flow of water through the last spraying
devices along DP is defined from formula g,,=¢g, m,;/100,
which does not account for the water head before them.
Therefore, procedure [3] is acceptable only at the same or
specific water heads lengthwise DP. This condition limits
water flow rate along DP, or its length. In this case, it is pos-
sible to ensure the uniformity of spraying in another way —
for example, by the higher position of spraying devices.

There are examples of TPP constructed with turbines’
condensers that are cooled by air [4]. Such TPP have neither
water-cooling systems, nor WDP. However, such energy
units have lower efficiency and are built in regions with a
limited supply of water.

The technology WSAC combines a tubular heat ex-
changer of the condenser and a wet cooling tower in a shared
building [5]. The wet air-cooler of used steam ensures the
lower temperature of its condensate and the wetting water at
the outlet from the cooling tower. However, the authors did

not describe the structure and features of the humidification
system for a cooling tower’s heat exchanger.

Paper [6] advanced theoretical bases of the kinetics and
hydrodynamics of a flow of liquid along a perforated (W DP)
pipe, in terms of changes in water pressure. There, the ana-
lytical model includes the components of pressure, gravity
force, friction force, and rate pulse. However, the study
considered the water-discharge openings with a diameter
of about 1.0 mm, which cannot be used for cooling systems
with WDP.

Study [7] investigated the influence of shape of the out-
put openings arranged in the walls of a perforated pipeline
on the characteristics of outlet jets. The authors studied the
impact of thickness ¢ of the wall of a rectangular distributing
pipeline on the non-uniformity of water distribution along
the way. Increasing the thickness of a WDP wall from 2 to
10 mm decreased the uneven distribution of water. Decreas-
ing the overall area of WDP openings decreased the uneven
distribution of water. A flow rate coefficient p decreased
within 0.66 to 0.68 at a discharge of water from the explored
openings. The reported results are related only to the dis-
charge of water through the openings in the pipe and are not
applicable to nozzles.

Paper [8] studied the impact of a relative change in the
diameter of a conical perforated WDP and the flow rate of
water fed to it on a decrease in the non-uniform distribution
of water through openings in the walls of the pipeline. It was
discovered that the uneven distribution of water from a conic
WDP is less than that from a cylindrical WDP. The lowest
non-uniformity of water distribution was achieved when
the inlet diameter of the conical DP twice exceeded the end
diameter. The results reported in [8] are of interest, but such
structures are difficult to manufacture and are not used in
the cooling systems at TPP.

A procedure for calculating pressure WDP [9] was de-
vised while solving a differential equation of fluid motion
with a variable flow rate. The procedure takes into consid-
eration all geometric parameters of WDP and was tested
experimentally for WDP at jet outlet angles p=90° [10].
However, the application of procedure [9] additionally re-
quires experimental values for the flow rate coefficient u of
spraying devices.

The above literary sources lack scientific research or rec-
ommendations regarding the mutual influence of hydraulic
characteristics of WDP and their spraying devices. Such a
reciprocal influence manifests itself by the dependence of
throughput capacity of a spraying device on the head and
area at the beginning of WDP. Therefore, over certain rang-
es in the magnitudes of head, diameters, and water flow rate
along WDP, the spraying devices fail to ensure the specified
hydraulic characteristics. The available literary sources
lack publications on the hydraulics of nozzles for a jet steam
condenser. This allows us to assume that the chosen topic
addresses the unsolved scientific and technical task.

3. The aim and objectives of the study

The aim of this work is to investigate the range of mutual
influence of hydraulic characteristics of water distributing
pipelines (WDP) and their spraying devices using an ex-
ample of the cooling system in a heat transfer equipment at
TPP. It is expected that research results could be used in the
practice of designing WDP of different systems.



To accomplish the aim, the following tasks have been set:

— to define the actual hydraulic characteristics of stan-
dard prefabricated nozzles for a mixing condenser;

—to determine the boundary hydraulic characteristics
of WDP that ensure the design parameters for spraying
devices;

— based on the obtained characteristics for a dependence
of water flow rate Q on the head of nozzles, predict this
dependence for the conditions of vacuum at the section of a
condenser.

4. Materials and a procedure for a hydraulic study of
nozzles

4. 1. Experimental equipment

Hydraulic characteristics for spraying devices are pro-
vided by a manufacturing enterprise or their designers as the
dependence of water flow rate Q on head H before a spraying
device. This characteristic is generally acquired for a single
nozzle at special benches. We have investigated the actual
hydraulic characteristics of spraying devices 2d=13 mm and
2d=15 mm (Fig. 1) for spraying cooling water in a condenser
of mixing type.
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Fig. 1. Design of nozzles for a steam condenser of mixing
type: a — top view; b — cross-section along 1-1

Studying the characteristic Q=f(H) for standard nozzles
arranged at the end of DP (Fig. 2) at the initial stage yielded
almost the same values for water flow rate. This factor can
be explained by that the flow rate of water, which enters the
examined DP 5 (Fig. 2) and then proceeds to spray nozzle 2,
is strongly influenced by a diameter of DP and the head of
water where it joins pressure pipeline 1.

i

Fig. 2. Schematic of preliminary study into the characteristics
Q=Af({H) of nozzles, arranged on a short pipe with a diameter
of 32 mm: 1 — pressure pipeline; 2 — nozzle; 3 — measuring
container; 4 — pressure gauge; 5 — examined section of DP

By analyzing the results of research in line with a circuit
from Fig. 2, we obtain a characteristic of the pipeline, rather
than the spraying device. In this case, the diameters of the
nozzles’ openings did not significantly impact the flow rate
of water in them at the same heads.

The subsequent study was performed at a laboratory
bench (Fig. 3), which eliminates the influence of the hydrau-
lics of an underwater pipeline on the throughput capacity of

nozzles.
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Fig. 3. Schematic of a laboratory bench for the hydraulic
study of nozzle: 1 — water supply; 2 — pressure tank;
3 — pressure gauge; 4 — nozzle; 5 — measuring tank

Water pressure before the nozzle was measured with
a technical pressure gauge of accuracy class 0.6. The flow
rate of water in nozzles was determined by a volumetric
technique based on the time of its discharge to the mea-
suring tank.

4. 2. Procedure for studying the hydraulic character-
istics of spraying nozzles

The hydraulics of water discharge through a nozzle are
considered to be the outflow of a liquid through an outer
cylindrical attachment. When entering a nozzle, a jet of
water is compressed, and then expands, thereby filling the
entire cross-section of the nozzle’s openings wy. Thus, the jet
compression coefficient at the outlet from a nozzle e=1; the
flow rate coefficient equals the speed factor u=eo.

Velocity V5 of water discharge is directly proportional to
its head H\ before the nozzle:

1
V,= v28H, =9.2gH,, D
,/1+§/

where

1
(P_,/1+§/

is the velocity coefficient when discharged through nozzles;
¢y is the total resistance coefficient of a nozzle. For large
Reynolds numbers, u=g.

The magnitude of water head Hy (m H,O), which ensures
velocity Vo in a nozzle is determined from formula

2
H0=(2+’$>):°‘2‘;?+h1_2, )

where pg is the manometric pressure at the surface of liquid,
kgf/m?; v is the specific weight of water, kg/m?; z is the dis-
tance from a nozzle’s opening to a pressure gauge, m; Vs is the
speed of water discharge, m/s; a is the coefficient of kinetic



energy; hy are the losses of head (m Hy0), which consist of
head losses for water that enters the nozzle, for the expansion
of the compressed jet inside the nozzle, and head losses along
its length. Losses of water head lengthwise a nozzle are insig-
nificant, so they are not taken into consideration.

The estimated water flow rate in a nozzle is determined
from formula

Q, =nw,\2gH,. 3)

The coefficient of water flow rate in a nozzle p is equal to
the ratio of the actual (measured) water flow rate Q to the
estimated flow rate Q, defined without regard to the flow
rate coefficient, that is, u=Q, /Q,.

5. Results of the hydraulic study of nozzles

5. 1. The hydraulics of a water flow along a short pipe-
line with a nozzle at the end

We shall verify the results from a laboratory study using
the theoretical calculations of dependence H=f(Q, dy). The-
oretically, based on equation [5], for a short DP, we apply
appropriate formulae for the calculation of a pipeline with a
nozzle at the end. Thus, the flow rate of water at the begin-
ning and at the end of the pipeline is equal, that is, Q1=Q5; or
Vioi=Vswsy. Therefore, for a pipeline with the inlet opening
of an area of wi=wp;, water flow rate depends on the inlet
velocity Vi, which is equal to the velocity of water along a
pipeline V. The latter is calculated from formula

l V12 V22
V1=(P«/2g(H1_z}4v)=‘P\/28(H1—7V3E—§f£} 4)

where 2 hy, is the sum of water head losses along the length
and in a nozzle.

For nozzles with different diameters of openings (13 mm
and 15 mm), according to formula (4), the values for V; are
in a power dependence on the loss of head in the nozzle, that
is, components §,V;' /2g. Results of numerical modeling of
mutual influence of hydraulic characteristics of WDP and
nozzles are given in Table 1.

Table 1

Estimation of influence of the nozzles’ diameter on the
hydraulic characteristic of a short pipeline of 32 mm

Nozzle Difference
I;I;)t'r()f dea’ /s diameter, and 11‘1/?9 & g szZ /2g, AH, m
M ” | opening area ) m H,0 H,O
2d=1.3 cm,
1 1.10 2,654 cm? 4.1 10.20 0.17
2415 0.08
=1.5 cm
2 1.10 3,532 cm? 3.1 10.15 0.09

Note: numeric values for { were determined from the reference lit-
erature [11]

Therefore, a change in the loss of head along WDP AH,,
by 8.0 cm does not lead to a substantial change in the water
flow rate along the pipeline. For example, at water heads
of 1.0 m before the nozzles with a diameter of 13 mm and
15 mm, the water flow rates are, respectively, 4.0 m3/h and
5.33 m®/h (according to specifications), that is, they differ
by 32 %.

We shall define the boundary conditions when water
flow rate along DP depends on the nozzle throughput capaci-
ty. The original axiom is the inequality when the throughput
of nozzles along DP is lower than the throughput capacity of
DP, at a specific head at the start of DP, that is

(30, n)<Q, or ¥ (Vo,)<V,0,.

Typically, the total area of nozzles’ openings must not
exceed a value of 0.9...0.8 of a pipeline’s cross-sectional area.
Then the main parameter that defines a WDP transition
to the mode that ensures nozzles’ performance according
to specifications would be the head of water at the inlet to
WDP at appropriate values 20)/ and o,;. Under boundary

conditions, one can consider waza)pi. The minimum

head Hyin i at the beginning of WDP for letting the esti-
mated flow rate of water through nozzle Qy is determined
from formula

Qn

. 5
o, 1*2g ©

min pi =

The estimated value for Q sin formula (5) shall be accept-
ed according to the specifications to the nozzle. In this case,
there will be an appropriate specified radius of spraying water
by the nozzle, which affects the distance between the adjacent
nozzles in WDP. Thus, the refined formula (5) takes into con-
sideration working parameters Q=f(H) for a spraying device.

5. 2. Determining the actual hydraulic characteristic
for a nozzle

The actual hydraulic characteristic of nozzle Q=f(H)
was determined by volumetric measurement at the equip-
ment shown in Fig. 3. The results are given in Table 2.

Table 2
Hydraulic characteristic of nozzle Q=AH)
2d=13 mm 2d=15 mm
No. of H, Q, M No. of H, Q, M
entry | m HyO | m?/ entry | m HyO | m?/
1 0.5 2.7 0.90 1 0.15 2.0 0.92
2 1.0 4.0 0.95 2 0.3 3.13 | 092
3 1.5 4.5 0.87 3 0.5 3.43 | 0.86
4 2.0 514 | 0.86 4 0.7 4.0 0.85
5 2.5 5.76 | 0.86 5 1.0 5.33 | 095
6 3.2 6.55 | 0.87 6 1.3 6.0 0.93
7 1.48 6.47 |0.945

The actual water flow rate of nozzle 2d=13 mm is slightly
higher at heads to 1.5 m than that given in the specifications,
and smaller at heads above 2.5 m H,O (Fig. 4). The through-
put of nozzle 2d=15 mm at heads larger than 1.2 m is higher
than that given in the specifications.

The value for a flow rate coefficient varied from 0.945 to
0.860. We accepted the average value for a flow rate coeffi-
cient p=0.90. In the course of our study it was found that
the spraying of water jets from nozzles at low heads is absent,
and is insignificant at larger ones.

This might affect the rise in pressure in the steam space
of a condenser and thus slightly reduce the capacity of a
turbo generator.
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Fig. 4. Experimental and specified hydraulic characteristics
for nozzles of a condenser (under atmospheric conditions):
1 — the specified characteristic of nozzle 2e=13 mm;

2 — the specified characteristics of nozzle 2a=15 mm

5. 3. Hydraulic characteristic for nozzles under condi-
tions of vacuum in the condenser

Under actual operation of nozzles in a condenser, water
is discharged into a vacuum of the steam space (Fig. 5).
Therefore, we predicted the water flow rate in nozzles under
operating conditions. The estimated magnitudes for full
head H, for Q, in formula (3) were determined based on the
following factors:

— the estimated atmospheric pressure in the area where
TPP is located is 620 mm Hg, or 620x133=82,640 Pa;

— the vacuum in a pipeline that supplies cooling water
at the inlet to the condenser at the level of middle series of
nozzles is P=—0.25 kgf/cm?, or 0.2x98,066.5=19,613 Pa;

— the absolute pressure in a water supply pipe is
82,640-19,613=62,847 Pa;

— the vacuum pressure in the steam space of a capacitor
is Pyue=0.10 kgf/cm?, or 9,807 Pa;

— the estimated temperature of cooling water is 28 °C,
the volumetric weight is 996 kg/m?.

Thus, the estimated average water pressure drop on a
spraying nozzle in the condenser is 62,847-9,807=53,040 Pa,
or Hy=5.43 m H,0. Note that the specified parameter also
depends on the direction of water discharge from a nozzle —
up or down.
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Fig. 5. Diagram of the hydraulic calculation of nozzles in

a condenser of mixing type: 1 — steam condenser of a turbo
assembly; 2 — pipeline that supplies cooling water;
3 — nozzles; 4 — supply of steam from a turbine;

5 — discharge of hot water; 6 — piezometric line of water
head in the underwater circus water pipe; 7 — condensate;
Pp — pressure of cooling water at inlet, P,,. — pressure of

steam in a condenser

The pressure in a cooling water pipeline at the section of
its connection and arrangement of nozzles within the steam
condenser is vacuumetric (Fig. 6). This is the result of:

— the siphon action of water discharge from spraying
devices;

— vacuum in the steam space of a condenser;

— the level of water in a condenser.

In the steam condenser itself, the vacuum is still lower
than that of the intake and WDP with nozzles. Water is dis-
charged from a nozzle under the influence of the difference in
vacuum pressures. Theoretical maximum flow rate of water
in a nozzle can be defined from formula

Qmaxf :M(Df \/2gAP (6)

The predicted water flow rate in a nozzle under opera-
tional conditions of pressure of the cooling water and steam
in a condenser is determined from formula (6) and is given
in Table 3.

Table 3

Predicted water flow rate in nozzles under condition of
vacuum in a condenser

77 Pressure drop, Water flow rate Q,
Nozzle type AP m 1,0 U ey
2d=13 mm,

©=0.02654 dm? 5.43 0.85 8.36
2d=15 mm
©=0.03532 dm? 5.43 0.85 11.13

As a result of the higher head under conditions of the
condenser, the throughput capacity of nozzles (quantity 7)
will be higher than the supply of water in a water line.
However, this possibility will be limited by the magnitude
of supply of cooling water Q,; by pumps in the system. That
is, the total flow rate of water nozzles in a condenser will be
equa] to foakt nSQmax /"n:Qpi~

The magnitude for the latter is determined based on the
working point of pumps at the hydraulic characteristic of a
cooling system. Taking into consideration the difference be-
tween the maximally possible and actual water flow rate, the
number of the installed nozzles may differ. Thus, we define
the operationally justified water flow rate in a nozzle Q f.,=
=f(R, Wy,, AP) under conditions of a steam condenser taking
the following into consideration: its spraying radius R and
the volume of fountain Wy, at appropriate pressure AP and
water supply. We determine the required number of spraying
devices in WDP at the condenser of a turbine assembly

n=Qpi/ Qs exp @

Under actual operating conditions, the hydraulic charac-
teristics of WDP spraying devices in coolers are affected by:

— the head of water at the beginning of WDP, the height
of arranging spraying devices along it, and the technological
scheme of water supply;

— the hydraulic characteristic of distributing pipelines,
their diameters relative to the main pipeline or a riser.

At the stage of the commercial launch of a power unit,
the TPP management team was tasked to increase the flow
of water to the condenser to improve energy performance. It
was proposed to enlarge (drill) the openings of nozzles. Our
analysis reveals the impossibility to increase water supply to



the turbine condenser in this way because the decisive condi-
tion is the magnitude of water supply in the system circulat-
ing pumps — circulating cooling water lines — cooling tower —
condenser. However, it is possible to increase the flow of
water from the cooling tower to the turbine’s condenser by
reducing the resistance at the section of hydraulic turbine by
opening its guiding device or throttles (Fig. 6).
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Fig. 6. Schematic of equipment for a circulating system at
the section of a pumping station: 1 — supply of circulating
cooled water; 2 — water discharge to a cooling tower;

3 — a hydraulic turbine combined with a circulating pump;
4 — steam condenser of mixing type; 5 — WDP with nozzles;
6 — supply of steam from a turbine to a condenser;

7 — turbine of energy unit; 8 — circulating pump

However, this will lead to a change in the level of water
in the cooling tower and to a further increase in the feed of
circulating pump and a loss of head in the circulating system
of technical water. Because the cooling system is closed, the
increase in water supply will actually increase its volumetric
velocity (m®/s). As a result, there will occur a decrease in the
time the circulating water is within the radiator cooling tower
and in the degree of its cooling. This leads to a rise in tempera-
ture and pressure in the steam space of turbine’s condenser
and certain reduction in the turbo assembly capacity.

6. Discussion of results of studying the mutual influence
of hydraulic characteristics of nozzles and a water
distributing pipeline

Taking into consideration the factor of hydraulic mutual
influence of nozzles and their WDP improves the design of
water-cooling systems in tower coolers, spraying pools, etc.

The diameters of main and side pipelines will be substantiat-
ed — this is the practical significance of our research results.
In addition to the above WDP at cooling systems as part of
TPP, the results of the current study could be applied:

—to calculate the systems of hydraulic removal of rock
when drilling wells;

— when designing spraying equipment, etc.

The result of this study established that the hydraulic
reciprocal influence of WDP and nozzles that are arranged
along it occurs at the appropriate ratio of their openings’
areas to the heads of water. The actual characteristics for
water flow rate in nozzles would not meet factory settings in
the case when actual water head H before the nozzle is lower
than the minimally acceptable according to formula (9) (for
the specified and estimated values for Q). This factor is im-
portant to undertake a research, as well to improve hydraulic
calculations of WDP.

The study was confined to water heads to 0.05 MPa,
which are characteristic of the operation of nozzles in the
systems of cooling equipment at TPP. Therefore, the ob-
tained theoretical dependences do not apply to similar WDP
with heads above 0.1 MPa.

At this stage, our work is only partially completed. In the
future, it is advisable to conduct a comprehensive study into
the entire system, specifically: a circulating pump station,
a cooling tower condenser with WDP and nozzles. In this
case, it is necessary to carry out comprehensive hydraulic
and thermal studies of similar cooling system as part of TPP.

The shortcoming of the current study is that it does not
cover the entire cooling system.

The results of our research have made it possible to
fully resolve the issue on the influence of a WDP hydraulic
characteristic on water flow rate in the nozzle, expressed by
the formula of the minimum water head at the beginning
of WDP.

7. Conclusions

1. The actual throughput capacity of spraying nozzles co-
incides with data given in the specifications in a central part
of their characteristics. At the upper part of characteristic
Q=f(H) their throughput capacity is lower by 10-15 %. It is
impossible to obtain reliable characteristics for nozzles while
examining them along a short pipeline without the required
ratios of their openings’ areas to water heads.

2. We have constructed a formula for determining the
minimum head at the beginning of WDP, which ensures
that a nozzle discharges water at the estimated flow rate. Its
magnitude depends on a diameter of WDP, the factory-de-
fined value for water flow rate in a nozzle, and their quantity.

3. Under conditions of vacuum in the steam condenser
of a turbine, the water pressure drop in nozzles is higher.
Therefore, their throughput capacity is higher. However,
the overall water flow rate in nozzles will be limited by the
magnitude of cooling water feed from circulating pumps in
the cooling system.
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1. Introduction the rate of heat transfer processes, there are several meth-
ods, centered on changing the flow structure by acting on it

Energy efficiency of heat transfer equipment with fuel  from the outside or changing the shape of the heat transfer
shortage is a key issue for the power industry. To increase  surface. The latter method is less power-consuming, but its




