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Constructional and Technological Problems of Pumps for Thermal
: Power Engineering

The aim of this paper is to draw attention to the pump problem in thermal power engineering, and
\seecially to the boiler feed pumps, the importance of which rises with introducing ever larger power units
Wi the Polish power plants. The remarks result from an analysis of the world trends as well as the expe-
teace gained when designing, constructing ,and operating the pumps for 200 MW power units mainly
wed in the Polish power engineering. Besides, the problem of pumps for long-distance hydraulic transport

ssh and slag is also discussed in the paper. This problem is connected with the increasing distances to the
sces of ash and slag storage and therefore the need for working out multistage centrifugal impeller pumps
v water mixtures of ash and slag. Some designs of such pumps have been analysed by the authors. The
smarks contained in the paper should be helpful for designing and constructing boiler feed pumps for

1. Introduction e
A variety of pumps of diverse apptication is used in thermal power engineering.
Peo ending on applieation, these machines differ from each other in respect of design,
g=hnology and working parameters. Currently the domestic industry provides in
aciple all pumps necessary for equipping power units up to 200 MW. However, the
woblem arose of providing pumps for power units of 360 MW and those of greater
wtput.in the future. In addition, due to increasing distances to places of ash and slag
sorage the problem of long-distance hydraulic transport of such waste also appeared.
“herefore, basing on the analysis of the presént state of the pump problem in thermal
wer engineering, this paper deals only with the problems of boiler feed pumps for

wrger power units and with pumps for long-distance hydraulic transport of water
mixtures of ash and slag.

2. Trends in Development of Boiler Feed Pumps

Constant and rapid growth of the Polish thermal power engineering and increase
I power unit output affects essentially the design solutions and technological deve-
spment of boiler feed pumps. Outputs of generators increase from 200 MW to 360 MW

wwer units of large output and for long-distance hydraulic transport of water mixtures of ash and stag
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and 500 MW. In the future these power outputs of conventional and nuclear therma®
power plants will keep increasing. Progress in constructing power plants manifess
itself also in changing the medium circulation. As'a result the pumps can work undss
different conditions which also results in changing the design features. The puma
used in these pump systems will have to be characterized by high efficiency and
liability of operation as well as short standstill periods. -

The changes which are being introduced into the structure of boiler feed pumg ;
and the problems which should be taken into account in new solutions, are best co nsade
red on the example of particular pump subassemblies and components [1, 2, 3, 4

-

2.1. Pump casings and tie bolts

Feed pumps for supply of steam boilers are built with the following casings
__ divided in planes perpendicular to the pump axis (sectional casing) (Fig. 1 and
__ divided in horizontal plane passing|through the pump axis (Fig. 3),

— non-sectional, (Fig. 4 and 5).

The sectional casings are cast with a larger wall thickness or are made as ¢z
with walls of small thickness and strengthened with suitable rings. The pumps
also built with sectional casings divided into low- and high-pressure parts. Pus

—___ with casings divided in the horizontal plane are used in pump systems in which
\Pm*re does not exceed p = 10 MPa. Pumps with non-sectional casings have se%
design vanatiune-depending on the method of compensating the internal clez
and mounting the inner components: they can be mounted separately or may e

tute a subassembly which can be inserted or taken out as a whole during the assem
or disassembly of the machine. :
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Fig. 5. An impeller pump with non-sectional casing, type PE600-300-3 (USSR)
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The design of the casing is determined by the internal pressure and thermal stresses.
“or this reason sectional casings are generally used when the working medium tempe-
' mature does not exceed T= 423 K (150°C), whereas within the temperature range

=423 to 533 K (150° to 260°C) and higher non-sectional casings are used. Such
asings are forged from steel. Presently they are also cast. The cost of cast casings,
acluding the manufacture of a model, is lower by 12% than the cost of forged casings
made for the same pump. If the model is used for making e.g. four castings, the cost
¥ making a pump casing is decreased to about 30% [5]. It should be emphasized
hat cast casings can be designed more correctly from the viewpoint of strength re-

quirements.

Besides, while designing a pump casing one should take into account loads coming
Tom pipes, interaction of casing covers and thermal expansion differences at various
soints of the casing in transient states.

As it appears from measurements of operating parameters in different points
¥ medium circulation in a power plant, pump casings operate under particularly
Aficult conditions. For example, for 100 MW power units the temperature diffe-
wace on both sides of a boiler drum wall in a steam boiler amounts to about
7=328 K (55°C), whereas in a pump it can amount to T= 428 K (155°C). In
‘wansient states, the thermal shock in the pump reaches the value of 823 K/min
1"30°C/min), while in the boiler drum — only about 300 K/min (27°C/min). The
ressure and temperature range for a pump from about p = 14.0 MPa to 19.0 MPa
wnd from T= 509 to 544 K (236 to 271°C) respectlvely, while for a boiler drum
0= 11.0 MPa and T= 593 K (320°C).

Irrespective of the above mentioned remarks, the pump design should ensure that
‘e displacement of individual components during pump operation be not larger
n several hundredth of millimetre. ,

In transient states, when the temperature changes rapidly, stresses in the casings
W= maintained within the permissible limit by adopting such a form of the casing in
‘% area of pump inflow that it acts as an elastic element. The sealing surfaces and
ose washed with water flowing through at high velocity are protected with coats
ade of austenitic stamless steel. During pump manufacture, atténtion should be
eid that places of stress concentration have no material flaws.

A separate important problem is the construction of tie bolts. They should be
iwestressed in order to obtain tightness of individual members of the casing. Selection
W material for tie bolts is important in respect of strength, homogeneity of structure,
“ermal elongations relative to the casing elongation as well as selection of geometrical
\aracteristics of the bolts. It should be borne in mind that during heating and cooling
W the pump the temperature of tie bolts is different from the temperature of casing
walls. The temperature of the casing upper part may differ from the lower part tempe-
mure [5,2]. For these reasons pumps fitted with non-sectional casings and covers
s unted at the pump outlet (discharge) side are predominant. For bolt prestressing

Pamps L1m1ted” works have been using an elastlcally strained rmg in place of the
et fastenmg screws [6, 7].
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2.2, Rotating unit

While studying the trends in development of boiler feed pumps one observes & '
the designs aim at increasingly compact and more reliably operating machines. g
tendency is to decrease the number of pump stages by shortening the shaft wisi
simultaneous.increase of its diameter. The shaft should have a small deflection
rotational speed lower than the first order critical speed.

Analysis indicates that at high efficiency a delivery head up to H = 1200 m can ®
obtained from one pump stage. However, the structure of a pump with such a g
delivery head requires that sufficient distance is maintained between the impeller
the guide vane inflow edge. Such a solution is adopted because of the limitation
erosive effect of stream of liquid having a large flow velocity and a suitable inflow e
in order to avoid cavitation. Optimum values of the dimensionless specific speed
impellers mounted on large diameter shafts amount to about n,, = 70 to 100

Due to the large moment transferred by connection of the shaft with impel
two keys are used. The keys are shifted by 90° in each subsequent stage. In n&
generations of boiler feed pumps of splined connections with involute tooth p w
are used. A part of the impeller hub is hot-mounted in the shaft using some press
to protect against penetration of liquid between the hub and shaft and to prow
coaxiality of the connection. Axial forces are transferred via half-rings. The impe
hub is fitted with appropriate recesses in order to form a heat barrier when moun®
and removing the impeller by means of gas burners.

In order to obtain high delivery heads from one stage and thus a small numbe
stages, high-speed engines or drives via gears are used for driving boiler feed pu
In high-speed pumps in the diffuser channel there occur pressure oscillations of s
amplitude and high frequency during pump operation. These oscillations cause nes
pump work. To decrease the noise level a larger radial clearance between the impe
and guide vanes should be foreseen when designing the pump and a smaller nus
of impeller and guide vanes should be used.

During the pump design attention should be also given to proper selection ¥
structural materials for shafts and impellers. The structural material (cast chroms
steel) should be characterized by high resistance to corrosion and erosion ané %
suitable thermal expansion coefficients. Statistical investigations indicate that pm
failures occur in 74.3% due to the relief system and in 16.7% due to the shaft &
mage, 7.7% due to casing damage and 1.3% due to bearings [8]. For this reason. ¥
present solutions of boiler feed pumps tend to eliminate axial clearances, incre
radial clearances and provide proper shaft stiffness. Elimination of axial clearane
in modern pumps for larger power units requires the use of relief drums instead of &
lief disks. The relief disk is a good solution provided that there is no fear that at Ie
liquid pressure at the inflow (suction) side of the pump there may occur evaporation &
water flowing out of the clearance between the disk and counter-disk and “dry” opes
tion. Therefore relief drums are used in new solutions and leakages of liquid, increass ‘
in this case, are partly limited by using spiral grooves on the adjacent surfaces.
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Adoption of a relief drum (about 90%) and bearing with tilting pads (about 10%)
in order to compensate for the axial thrust allows for failure-free “dry” operation of
the pump. The diameter of the relief drum is selected so that tensile stress occurs in
the shaft within the entire operating range of the pump.

2.3. Glands and bearings

The operating conditions of seals in boiler feed pumps become more and more
difficult because the rotational speeds, shaft diameters and pressures acting on the
seals increase. In order to improve the operating conditions of gland seals throttling
sleeves preceding the seal and hydraulic locks with cold water supply are used. Water
supply does not only reduce leakages but also decreases the temperature. Soft packing
or — for smaller units — mechanical (sliding) seals [9] are used for seals in glands.

Glands for new generations of pumps tend to have seals shorter in the axial di-
rection (by p0851ble extension in transverse direction) in order to shorten the shaft
length to maximum. In newer generations of supply pumps the shaft is sealed by
means of floating rings which can work at considerably smaller clearances.

These rings are made of hardened stainless steel (about 17% Cr, 4% Ni) and
so-operate with a sleeve covered with hard chromium coating superfinished to the
depth Ra = 0.0002 mm. Nowadays some manufacturers use tightening seals which
m case of pump stoppage considerably limit the water flow.

While designing slide bearings for boiler feed pumps overheating of bearings as well
ss the phenomenon of oil whirling should be avoided. Therefore in newer solutions
searings of small length (ensuring proper values of side leakages) and of increased
dearances are used. In them the bearing bushings attenuate oil whirling [10]. While
designing bearing housings attention should be paid to the frequency of housing free
vibration and their stiffness in order to avoid the decrease of critical rotational speed
of the shaft.

In newer solutions the bearing housing is fixed to the pump casing so that the
thermal elongation of the casing may affect to a lesser degree the change of location
of the rotating unit in relation to the pump casing.

2.4. Foundation frame

The structural component of the pump unit the importance of which is often
mnderestimated is the foundation frame. Its load is very complex. The foundation
#ame is subjected to forces due to the driving motor, coupling, pump and possibly
#e transmission gear weights, forces exerted by pipelines as well as friction forces
guring shifting of supports (lugs) of the casing in relation to the frame, because of
| thermal expansion. While designing the foundation frame it should be borne in mind
at the frame must be sufficiently stiff and should enable free elongation of the
semp in longitudinal (axial) and transverse (radial) direction.
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Therefore longltudlnal and transverse keys for locating the casing supports
horizontal plane passing through the casing axis as well as possibly high symmetss
of the machine casing in both main planes are foreseen. In order to reduce frictios
losses proper lubrication of friction faces should be provided.

To prevent expansion of foundation frames caused by temperature, frames &
pumps for water of temperature over T= 423 K ( 150°C) are cooled. :

The foundation frames are made of welded steel plates and then, prior to mecha |
nical working, are subjected to stress relieving. Some of the recently applied solutions
enable mounting the pump unit on reinforced concrete foundations with steel plates
in the place where pump supports and set keys are mounted.

3. Present State of Production of Pumps for the Power Industry in Poland |
\
. At-present all the pumps for the Polish conventional power mdustry are of Polish |
manufacture (50, 125, 200 MW units, pumps of 15228 x 7, HD150 x 5, Hm200x3.1
15233 x 8 types),. except for feed pumps for 360 MW units which have so far bess
imported from the Worthington Works in Italy [11]. In order to eliminate the impos
of boiler feed pumps for the 360 MW units the ZAMECH Mechanical Works in Elblag
‘have entered into co-operation with the “Weir Pumps Limited” (England). The pre-
duction of pumps will be developed gradually until 100% of structural components
is made in Poland. ~

Irrespective of the above the Warsaw Pump Factory in co-operation with the
Research and Development Centre of Industrial Pumps in Warsaw have also startes
-their own integrated research and development project concerning the structure ané
preparation for production of a series of types of supply pumps for large conventiona
power units (360, 500, 600 MW) and nuclear power units (440 and 1000 MW). The
Warsaw Pump Factory is planning also to prepare and start production of a series
of other types of pumps for nuclear power plants [12]. :

Besides, investigations and design and construction work on supply pumps for
selected power units are carried out at the Hydraulic Machinery and Equipmess
Department of the Technical University of Silesia [13] and at the Power Machiners
and Equipment Department of the Warsaw University of Science and Technologs

4. Trends in Developmenf of Pumps for Hydraulic Transport of Ash and Slag

The analysis carried out indicates that there exists generally a sufficient number
of design variations and sizes [14] as regards low-pressure pumps for hydraulic
transport of ash and slag. These are single-stage centrifugal impeller pumps made at
the Mining Machine Factory POWEN in Zabrze, types PH(PZ), as well as type MF
pumps manufactured at the Industrial Equipment Factory in Swidnica.



Constructional and Technological Problems of Pumps.. 237

At present, however, multi-stage centrifugal impeller pumps are not manufactured
and it is necessary to fill this gap as quickly as possible, since the distances of transport
from a power station to a waste setting tank (for ash and slag) become increasingly
longer. These pumps are expected: to reach considerable delivery head (at rotational
speed not exceeding n = 1450 min ', and more advisible about n = 980 min~?), to
attain considerable durability and operational reliability as well as to pass solid bodies
of required grain size. The above conditions limit the delivery head which can be
obtained from one pump stage as well as the assumed pump discharge.

While constructing multi-stage centrifugal impeller pumps additional difficulties
arise in comparison with single-stage centrifugal impeller pumps:

— large axial thrust which results in the necessity of using designs compensating the
longitudinal forces,

— large pressure drop in glands and flow of abrasive mixtures through the gaps.

Multi-stage centrifugal impeller pumps for hydraulic transport are constructed
- with a few typical flow systems: '

— pump with stage systems in two groups, reversed in respect to each other by 180°,
connected in a series (Fig. 6),

— pump with stage systems 1n two groups, reversed i in respect to.each other by 180°,
parallelly connected (Fig. 7),

— pump with tandem stage system with a gland after the last stage on the high-
-pressure side and with relief disk in a separate chamber supplied with pure liquid
by the pump (Fig.'8).

Pumps of the first type can have several different structural solutions. They are
characterized by balanced axial thrust, which is achieved by dividing the stages into
two groups reversed with respect to one another, but the series connection of these
groups causes that both the gland at inflow side of the second group and the gland
m the centre of the pump between the groups of both stages, must operate at high
pressure.

Fig. 6. Diagram of an 1mpeller pump with two groups.of impellers, in connected series
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Fig. 8. Diagram of an impeller pump with relief disk in a separate casing

While the external gland can be observed and fepaired’, if necessary, damage to
gland inside the pump requires disassembling the pump. Such a solution was ad

Works (now KOMAG) at Gliwice and at the Technical University of Silesia in Gliws
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These pumps were built by the Mining Machines Factory POWEN in Zabrze [15].
The experience gained during investigations and operation of these machines is now
taken advantage of while designing newer generations of pumps for long-distance
hydraulic transport of solid bodies. ‘

The advantage of the designs of the second kind consists in balancing the axial
thrust by-the symmetry of flow system and the need of using low-pressure glands
only. This is the simplest solution. Pumps of this type were worked out at the Chief
Institute of Mining in Katowice in co-operation with the Mining Machmes Factory
POWEN in Zabrze [16].

The advantage of pumps of the third design is the relief disk working in a separate
casing and supplied with pure liquid (oil), and hence not exposed to erosion. However,
the complicated structure and the necessity of using a gland at the outflow (discharge)
side of the high-pressure pump are shortcomings of that design.

At present a pump has been designed according to the third solution and a pro-
totype is being manufactured. Hitherto gained experience suggests that the last de-
sign gives good promise of fulfilling the requirements posed before high-pressure
impeller pumps for long-distance hydraulic transport systems.

It would be advisable to prepare in the nearest future and implement such pumps
with discharges ranging from Q = 100 to 500 m3/h ‘and of H = 250 to 300 m deli-
very head.

5. Notes and Conclusions

Summing up the results of the review and analysis of world trends in the deve-
lopment of construction of boiler feed pumps for larger power units as well as pumps
for long-distance hydraulic transport of ash and slag one can determine the main
directions of activities as regards working out suitable pumps for the next years.

5.1. Boiler feed pumps for larger power units

Within the range of boiler feed pumps the following recommendations can be
suggested: :

a) Irrespective of the actually started production of feed pumps for 360 MW
sower units by the ZAMECH Mechanical Works in Elblag in co-operation with the
“Weir Pumps Limited” in England it is advisable to continue work on independent
designs of feed pumps for 360 MW and larger power units foreseen for manufacturing
m Poland.

The design and constructlon work should be carried out on the basis of expe-
| rience obtained from the hitherto produced pumps or imported pumps operating in
.~ Polish power stations. Experience gained during testing of pumps at the ZAMECH
Mechanical Works should also be applied.
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b) In order to ensure an adequate performance of the pumps manufactured it &
necessary to carry out systematical theoretical and experimental (fundamental amé
‘applied) investigations, especially within the following scope:
— new methods of calculating and designing flow spaces of pumps, taking mae
account the three-dimensional state of real liquid flow,
— development of methods of pump components strength calculation,
— improvement of methods of determining logitudinal and transverse (radial) foross
— investigations of dynamics of rotating systems and pump noise,
— further investigations of cavitation,
— investigations of durability and reliability of pumps and their components undes
laboratory and service conditions, .

— improvement of pump construction from the efficiency point of view,
— automation of pump unit operation.

¢) In order to prepare and start production of new pumps for power engmee 3
it is necessary to solve a series of technical problems, such as:
— working out and mastering new technologies of making precise castings of
LOH13N4M and LH18HOT cast steel, characterized by a high surface quality (C2%
and dimensional accurdcy (class II) as well as small number of surface and intermat
defects,
— mastering technologles of forged and “plated” pumps casings,
. — improving the methods of casting,
— working out new and more efficient technologies for productlon of pump components.
— use of new structural matenals

5.2. Pumps for long-distance transport of ash and slag

As regards pumps for long-distance transport of water mixture of ash and slag
the following notes and conclusions can be made:

a) The necessity of discharging wastes (ash and slag) to places of storage mose
and more distant from the power stations requires urgent implementation. of pre=
duction of multi-stage centrifugal impeller pumps for pumping ash and slag ina wa-
ter mixture.

b) A series of pump types should comprise 3 sizes within the range of dlscharg
Q =100 to 500 m>3/h and delivery head H = 280 to 300 m. It seems that the most
appropriate design solution is the version with a relief disk located outside the flow
system and supplied with oil under pressure. A

c) It is necessary to intensify the research, design and construction work aimed 2%
verifying in practice the prototype solution and working out subsequent sizes.

- d) In order to ensure the adequate durability of pumps for hydraulic transport of
wastes it is necessary to continue the research connected with structural materials
resistant to erosive activity of pumped mixtures.
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Problemy konstrukcyjno—teéhnologiczne pomp dia enei'getyki ciepinej
- Streszczenie

Celem pracy jest zwrdcenie uwagi na problem pomp w energetyce cneplnej, a zwlaszcza na pompy
dajace kotly parowe, w zwiagzku z wprowadzamem do energetyki krajowej coraz wigkszych blokow
tycznych. Uwagi wynikaja z analizy trendéw Swiatowych oraz z doswiadczen uzyskanych przy pro-
owaniu, konstruowaniu i eksploatacji pomp dla blokéw 200 MW glownie stosowanych w krajowej
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energetyce. Obok tej kwestii w pracy oméwiono rowniez problem pomp do dalekosigznego tra
hydraulicznego popiotu i zuzli. Zagadnienie to wiaze si¢ z wzrastajacymi odleglosciami usytuow
skladowisk popiotow i zuzli, a w zwiazku z tym z potrzeba opracowania pomp wirowych odsrodkow
wielostopniowych do mieszanin wodnych popiotéw i zuzli. W pracy przeanalizowano niektore
zania tego typu pomp. Uwagi zawarte w publikacji powinny by¢ pomocne przy projektowaniu i
struowaniu pomp zasilajacych kotly dla blokoéw energetycznych o wigkszej mocy oraz transporte
draulicznego mieszanin wodnych popiotu i zuzli na duze odleglosci. :

Kouer pyKllllOHHO-TCXHOJlOFll‘IeCKHe llpOﬁJ'leMH HaCOCOB JIJifi TCIVIODHEPICTHKH
Pe3rome

Llenbio paboThl siBysieTCA OOpallieHie BHUIMaHus Ha NPOGJIEMBI HACOCOB B TEMIOIHEPTETHKE, 2 &
6eHHO Ha HACOCH! MMUTAIOLIME NIAPOBLIE KOTJIBI, B CBS3H CO CTPEMJICHHEM K IPUMEHEHHUIO B TIOJILCKOH 38
THKE BCE GOJBUIMX JHEPreTudeckux 6;10xoB. [IpuMedaHus CIeAyIOT U3 aHAIK3a MHPOBBIX CTpE
a TAK)KE U3 ONBITA HAKOIUIEHHOTO B MPOLECCE NPOEKTUPOBAHMUS, KOHCTPYAPOBAHUS M OKCIIJTyaTalHe
cocoB s 610k0B MoiHOCTBIO 200 MBT, B OCHOBHOM TIPHMEHAEMBIX B TIOJLCKOH HEPreTHKE.
€ 3TUM BonpocoM B paboTe 06CyxmaeTcs Takxke NpobieMa HACOCOB IS FTHIPABIMYECKOTrO TPAHCHE
3016l U IIUIAKK HA GOJIBLINE PACCTOSHHUA.

Ota npobiiema CBA3aHA ¢ BO3PACTAIOIMMH PACCTOAHUAME PACTIOIOKEHUH XPaHUIIUIIL 30JIB] H
a B 9TOH CBA3M C HEOGXOAUMOCTBIO Pa3paboTKy HEHTPOGEKHBIX MHOTOCTYNEHYATHIX HACOCOB /LISt BO
cMecei 30J1bl M LTaku. B paboTe aHanM3MPYIOTCS HEKOTOPBIE PELIEHHs TAKOro Tuma Hacocos. IIp
yaHHs HAXOISIIMECA B TIYGIMKALIMY JOIDKHBI HCTIONHATL POJib NOCOBUs [T IPOSKTHPOBAHUS 1 KOH
BAHHMSA HACOCOB NMMTAIOIMX KOTJIbI JUIS DHEPreTHYECKuX GJI0KOB GOJblIEH MOIIHOCTH H UIf T
YECKOTO TPAHCHOPTA BOAHBIX CMeceH 301Ibl M HIIAKK Ha GOJIbIINE PACCTOSHHS.



