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Abstract—The impeller and the casing are the key components of
a centrifugal pump. Although there have been many studies on the
impeller and the volute casing of centrifugal pump, further study of the
volute casing to improve the performance of centrifugal pumps is
needed. In this paper, the effect of cross-sectional area on the
performance of volute casing was investigated using a commercial
CFD code. The performance characteristics, not only at the off-design
point but also for a full type model are required these days. So we
conducted numerical anaysis for al operating points by using
complete geometry through transient analysis. Transient analysis on
the complete geometry of a real product has the advantage of
simulating realistic flow. Theresultsof this study show the variation of
a performance curve by modifying the above-mentioned design
parameter.

Keywor ds—Centrifugal Pump, Volute Casing, Cross-Section area,
CFD

|. INTRODUCTION

Acentrifugal pump which iswidely used throughout industry
is a typical turbo-machinery that converts externa
mechanical energy into pressure and kinetic energy of fluid. It
consists of an impeller and volute casing. An impeller is a
mechanical device that supplies mechanical energy to fluid and
is akey component of any centrifugal pump.

Therefore, up to now, many studies have focused intensively
on impellers. Fluid that obtains energy from an impeller is
discharged through a volute casing, so the characteristics of the
volute casing are an important factor if the goal is to discharge
fluid with less energy loss. Thus study on the characteristics of
the volute casing is absolutely a necessary process to improve
the performance of centrifugal pumps. But most studies have
focused on the impeller while study of the volute casing has
drawn relatively little attention, but in order to improve the
performance of centrifugal pumps, a more sophisticated study
of volute casing is needed.

Y ang and Kong investigated the effect of volute throat area
on the efficiency curve of centrifugal pumps[1]. In the case of
the increase of volute throat area, the results show that pump
BEP moves to the high flow region and dlightly decreases, and
the performance curve becomes flatter.
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Chan and Wong compared two different design techniques
that have been conventionally used in the design of the volute
for centrifugal pumps [2], and investigated the effects of the
position of the tongue and effects of the radial gap between the
impeller and the volute casing of the centrifugal blood pump
with ultra-low specific speed [3].

In this study, to understand characteristics of the volute
casing of centrifugal pumps, we investigated the effects of a
design parameter of the volute casing on the performance of a
centrifugal pump by using commercial CFD code. The selected
parameter was cross-sectional area size. The reason that this
parameter was selected was to improve performance without
any large modification of the product.

II.NUMERICAL ANALYSIS

A.Model and Grid

The centrifugal pump selected for analysisis atypical single
stage volute pump used in industry. It has a rotational speed of
1750rpm, flow 66 m*/h, head 32m on-design point, and 6
blades. Analysis was conducted on the complete geometry of
the full model with the volute casing to obtain more accurate
results in a redistic flow. In other words, complicated and
variousflowswereformed inthe 6 impeller passages because of
the asymmetry of volute casing. So the full model geometry is
necessary for the analysis. The geometry of the used pump was
obtained by 3D scanning. The impeller geometry used for
analysis was revised by ANSY S Blade Editor; the coordinate
data of the impeller can be obtained on the ANSYS Blade
Editor by defining the meridian. The grids used in this study
were made with ANSY S Turbo-Grid for the impeller and with
ANSY SICEM CFD for the volute casing. The geometry and the
grid used for this analysis are shown in Fig. 1.

To obtain precise results from numerical anaysis, not only
the number of grids but also y+ are important. In this study, in
which the SST turbulence model was used, the value of y+ was
selected to be less than 1.

The number of grids was selected via the comparison of
experimental data through trial and error; the number of grids
was about 200,000 per blade on the impeller and 2,500,000 on
the volute, so the total was about 3,700,000.
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Fig. 4 represents the five cases (-30%, -10%, ataind10%,
+30%) of the cross-sectional area based on thdatdmodel.
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Fig. 3 The position of the sections

TABLE Il
VARIATION OF VOLUTE CROSSSECTIONAREA
Fig. 1 Geometry of centrifugal pump and grid Model -30% -10% Stand +10% +30%
ion 2
Section 2 5600 032925 0.36584 0.40242  0.47556
(x107°*m?)
40 Section 4 51217 0.65851 0.73167 0.80484 0.95118
— (x10°m?)
E . \\ ijgi?nrlf 0.76826 0.98776 1.09751 1.20726 1.42676
= 30 .
E \c (Sjgic;?zf 1.02434 1.31701 1.46334 1.60968 1.90235
g ® Experiment
F20 1
—+—Numerial Analysis
= 14°
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Flow (m*/h)
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Fig. 2 Comparison between the performance curvegmérimental
and numerical analysis
TABLE | 14°
TOTAL HEAD COMPARISON FOREXP. AND NUMERICAL ANALYSIS omm ]
( Flao/v;/]) 0 18 34 50 66 82 Model (-2), 34.6mm a
m Model (-1), 42.1mm
Num.(m) 37.2 38.6 37.7 35.7 32.1 26.6 Model (1), 49.1mm
Error(%) 211 - - 3.48 0.31 1.48 Model (2), 55.6mm

Fig. 4 The shape of the cross-sectional area ¢ibse8
The numerical analysis results compared with erpamtal
data are shown in Fig. 2 and Table I. As shownabl@ I, our ~ B-Method
selection of the number of grids is reasonable gethe error  ANSYS CFX 13, a commercial CFD code, was used to
between experimental data and numerical analyse iddess conduct numerical analysis. Boundary conditionseweatal
than 4%. pressure at inlet and six flows of/h, 18m*/h, 34m*/h,
To investigate the performance curve accordingat@ation 503/, 66m?/h, and 82n°/h at outlet. To minimize the

of the volute casing cross-sectional area, fivangamodels  oftect of the boundary conditions, constant arectsithat are

were invegtigated. The o_rigi_nal standard shapehgfvlolute three-times of the pipe in diameter were instadlietthe inlet and
casing which uses the principle of the Archimedaisat that

Was groposed by Steganoffp [4] and other 4 modelse Weoutlet as shown in Fig.1 (a) and (b). Although éhdacts were
designed. Fig. 3 and Table Il show the positiorthef volute installed, the measured position of pressure ariocieg to
casing cross-section and area for five modelsidn3; section express performance curves were impeller inlet anite

8 is the throat and the position of the tonguebisflom section OP“et- This is becau§e total head is defined as ethergy
8. differential between impeller inlet and volute eutl[4].
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TABLE Il
CALCULATION CONDITIONS
Working Fluid Water
Turbulence Model SST model

- Inlet: Total Pressure
Boundary condition
Outlet: Mass flow

Interface Transient Rotor Staor
Time step 2857x10s
Total time 0.3425s

35 1

33 Hr oMt

3L DL | LAARLLIARARR AR L LR RARAEALL L EAAL L LULLALRA LY | LI

3.67 revolutions
—

Total head (m)

Timestep 0 120 240 360 480 600 720 840 960 1080 1200
Degree(°) 0 360 720 1080 1440 1800 2160 2520 2880 3240 3600

Fig. 5 The solution of transient analysis

The working fluid was water. The turbulence modeShear
Stress Transport (SST) which can accurately anaiytleshear
flow such as separation. The Transient Rotor Statmfel was
applied at the interface between rotation and staty. The
time step and total time used in this analysis wegs7x10™*s
and 0.3425s, respectively, and they mean the ttim8 flegrees
of rotation of the impeller and 10 impeller revaduis,
respectively. To quickly converge, the output o tsteady
analysis was used as the initial condition. Figsh®ws the
variation of the head for 10 revolutions. As shawhig. 5, as a
result of all the tests, when the impeller rotatesre than
approximately 7 revolutions, the pattern of solatlmecomes
stable with specific periodicity. So, we obtainkd solution of
the transient analysis by averaging approximatesv®lutions
(the red color of Fig.5).

Il RESULT AND DISCUSSION

The performance curve of a typical centrifugal pushpws a
rightward rising curve from the cut-off point ashig. 2. This is
the curve in which loss by collision, friction, argip is
subtracted from the ideal head curve. In pipe systacluding
the centrifugal pump with the above-mentioned penfince
curve, when an energy storage device is instatidde middle
of the discharge pipe, the possibility that a surgeurs in the
pipe system increases. So the shape of the percer@airve of
a centrifugal pump is very important.

Therefore the effect of the variation of cross-eeetl area
was investigated as a simple way to improve tHalgteof pipe
systems, including the centrifugal pump in thisdgtuThe
results here are the averaged value of the tranaiealysis
result that has the periodicity of the stabilizeedfic pattern
mentioned in Fig. 5.

Fig. 6 shows the static pressure coefficient at ubkite
casing inlet of the circumferential direction frahe tongue to
the outlet via the throat in a volute casing inathihe trailing
edge of the impeller is positioned at 4 points sash@5°(0°),
40°(15°), 55°(30°), and 70°( 45%hile the impeller rotates at
design flow.

While the impeller rotates one pitch (60°), theufigg on the
upper part of Fig. 6 represents the total hedldeatolute outlet
and the four points here are measured at the saregangle)
with four color lines of static pressure head dogffit curves.
The averaged value of the four points is only ocakeie on the
outlet cross-sectional area of the volute casirge measured
points are on the mid-span of the shroud and hgbuse this
plane can be representative of a flow field

Most of the graphs are presented as velocity apeffis and
head coefficients as in the following equations.

¢ = h or V_C
u2 u2
[H
w=2

U,

Ve Ve,

circumferential velocity, peripheral velocity,
acceleration and energy head, respectively.

U, , g and H stand of radial velocity,
giational
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Fig. 6 Static pressure coefficients according touwnferential
direction at the volute casing inlet at design fioithe standard model
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Fig. 7 Total head curves according to flow
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TABLE IV
THE TOTAL HEAD DIFFERENCEFOR4 MODELS
Flow (m®/h) 0 18 34 50 66 82
Model (-2) (%) 2.69 337 027 560 -131 -365
Model (-1) (%) 0.54  1.30  0.80 0 3.74 -5.26
Stand. Basis Basis Basis Basis Basis Basis 25°

-0.80 0 3.43 8.27
-1.59 0 4.67 18.05

Model (1) (%)  2.96  -1.55
Model (2) (%)  1.34 -2.85

To analyze the effect of variation of the crosstiseal area,
numerical analysis was performed for five differemddels and
the result is presented in Fig. 7 and Table IV. Stendard
model is the basic volute casing in use curreMiydel (1) and
model (-1) are only 10% larger and 10% smaller thiza
standard cross-sectional area. Model (2) and M@#ghre also
30% larger and 30% smaller, respectively.

In the case of the larger models like Model (1) ktatiel (2),
the performance curves show a flat tendency ovieeahuse the
curves, according to variation of the cross-sedtioarea,
decrease from the cut-off point rightward. Buthe tase of the
smaller models like Model (-1) and Model (-2), theves show
an increase and decrease rightward, when comparetet
standard model, the from cut-off point. Especiaijgdel (-2),

which is the smallest model, shows this tendencystmo

obviously. As mentioned earlier, in the case ofightward
increasing and decreasing curve, there is the Ipibssthat a
surge may occur. Therefore, one important benétitaeing a
larger cross-sectional area is that this is a goay of
preventing surges.

The curves of the four models, except Model (-Bpve the

same value at flow 5én* / h, and the order change of the curve
55°

is shown from this flow. In other words, the curgbsw a lower
value at low flow and a higher one at high flow twiager
cross-sectional area. On the other hand, Modelghgys the
regular order value with the other four modelsoat flow. But
the tendency is away from regular variation andadnupt
decrease of the head is shown at high flow. ThHenposition of
the same value with the standard model shiftseddtver flow
and the shape of the curve becomes a rising atidgfalurve
rightward. Finally such a model becomes a sensitivee to
surges. To investigate this phenomenon for thecefi¢ the
cross-sectional area, numerical analysis was peddr for
Model (-2), the standard model, and Model (2) at,Idesign
and high flow.

To investigate the effect of periodicity, the véina of
velocity vector by rotation of the impeller is peesed in Fig. 8
and Fig. 9 according to variation of flow. In thegures,
25°(t=0.308857s) means when the tongue and a Ivtead,
while 55°(t=0.311714s) means when the tongue igipoed in
the middle of a pitch of the impeller. In theseufigs, the
periodic phenomenon occurs obviously because iw b
different according to the position of the impeltegardless of
flow and model. Also backward flow occurs at thepéatter
outlet in the circumferential direction regardle$she position
of the impeller at low flow in the standard modelthers.

55°

(3) Model -2)  (b) Standard (c) Model
g. 8 Velocity vector according to model for 48/ h at z/b

=0.5

Ei

o

~

| @, \( ©/ ’/)

(a) Model (-2) (b) Standard Kydel (2)
Fig. 9 Velocity vector according to model for®2/h atz’b =0.5

The backward flow shown in Fig. 8 and Fig. 9 restult
circulation in the impeller and energy loss occoesause of
this. To investigate this backward flow, the radialocity of the
standard model at the volute casing inlet by thatian of the
impeller is presented in Fig. 10. In this figurke tx-axis and
y-axis refer to circumferential position and radiadlocity,
respectively, and the dashed lines at 25° and B&lCate the
tongue and the throat of the volute casing. A riegatalue
indicates backward flow into the impeller.

In Fig. 10(b), the radial velocity component nda tolute
tongue became slightly larger toward both the negaand
positive directions at design flow. But there was the
backward flow velocity overall and the forward floxelocity
component only repeated regularly. Operation ofstaadard
model at design flow was significantly stable bessawof the
uniform radial velocity.
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Fig. 10 Radial velocity according to circumferehtiagle at volute
casing inlet and zéb =0.5 on the standard model

In Fig. 10(a), the backward flow is shown throughthe
entire region and it is distributed especially vijdgetween the
tongue and throat in low flow. A large forward flasrshown
from near the tongue to about 90°. This is the oeashy
sufficient space is generated because of a smaduamof
discharging flow against the large space betweetadhgue and
throat and so a large backward flow occurs. Asaltethe large
accumulated flow in the impeller receives a largetdfugal
force and this flow is discharged simultaneouslyemwtthe
impeller passes through the tongue.

In Fig. 10(c), the flow pattern is similar to thaftthe design
flow except that the forward flow near the tongumel &o the
standard model in high flow is more stable thalown flow. As
high flow contributed significantly to forward flowelocity this
is a reasonable result.
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Fig. 11 Average radial velocity according to cirdamential angle at
volute casing inlet and z£b = 0.5 and radial velocity distribution
according to model at section 8

To investigate the tendency of radial velocity misttion
according to the size of volute casing cross sectiee result of
the forward and backward flow for Model (-2), tharglard
model, and Model (2) are presented in the leftrBgof Fig. 11.
Here the x-axis refers to the regions divided iseégments of
60° in the circumferential direction. In additiaadial velocity
with a positive value results in friction and ceitin with walls
and affects vortex and static pressure. Also, t@stigate the
tendency of the final radial velocity within thelute casing, the
radial velocity distribution of section 8 (throds)presented in
the right figure of Fig. 11.

The three colors indicate Models (-2), the standadilel,
and Model (2), respectively.
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In Fig. 11(a) shows that with low flow, backwardvll occurs This fact can be confirmed obviously in Model (Radial
overall and forward and backward flow are nearlyado each velocity is slowed down because of the increasethef
other from the throat to about 60°. Backward flowda cross-sectional area and the tendency of statsspre is similar

accumulation around this region and a large digghafter
passing through the tongue have already been meutid\fter
that, the discharging force decreases and back\iard
becomes weak because of the initial large outflomaddition
backward flow reoccurs around the throlat.Fig. 11(b) as
design flow, there was little backflow into the ielier. Also,
the standard model in this figure shows unifornvfllong the
circumferential direction. In Fig. 11(c), in thase of high flow,
backward flow also does not occur as at design.flohe
forward flow becomes nearly uniform with
cross-sectional area. This shows that stable aperiatpossible
with increasing the cross-sectional area at higiw.flOn the
other hand, the forward flow does not become umfovith
decreasing cross-sectional area. In other worgsoferation is
unstable because the forward flow occurs strongdyrad the
tongue and the throat but occurs weakly around 4340°.

Radial velocity into the volute casing results iortex,
friction, and collision and the remaining rest eydas converted
into static pressure. So the radial velocity disttion is a very
important factor in the study of the performanceveuThe right
figure of Fig. 11 shows the radial velocity distrilon at section
8 (throat). In this figure, similar distributions are shownl@i
flow rate regardless of model and the effects fodeh and flow
are ambiguous and the similar flow patterns arevshat high
flow. Though there is a little difference in therieaus flows, the
strong radial velocity is shown in the center @ tlolute casing
for all models and flows. Loss and total head dfected by
vortex and static pressure in the internal flowtlwé volute
casing. So the vortex distribution and the statiespure
distribution at section 8 are presented in Fig. 12.

In Fig. 12 (b), as the design flow, the vortex shab the
standard model has a slightly asymmetric structiegel (-2)
is more symmetric than the standard model, and M®)e
doesn't have a symmetric structure. In other wdtasshape of
the vortex becomes symmetric with increasing ceexgional
area. Van den Braembussche [5] claims that idewal i when
two vortices occur symmetrically in the volute casi
Therefore the most ideal shape of vortex in thevabroodel is
the vortex of Model (-2). But Model (-2) with the ost
asymmetric structure is the highest and Model (#) the most
symmetric structure is the lowest for static pressibtrong
radial velocity occurs at the center of the areaabse the
design flow is excessive quantity to Model (-2) jathis smaller
than the standard model in the cross-sectional &eebow static
pressure is distributed. On the other hand, staissure in
Model (2) becomes high for the opposite reason.

In Fig. 12 (a), which shows low flow, the very weaddial
velocity and the asymmetric shape of vortex ocacaoise of
lower flow than at design flow. Also, the statiepsure is barely
affected by the variation of model.

In Fig. 12 (c), which shows high flow, the struetwf vortex
presents obvious symmetry regardless of the mandike at
design flow because of higher flow than at deslgw f

increasing Model (-2)

to at design flow.

[m s*-1] [Pa]
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P. k2 k2 0 k) %,
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L l
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\ \ /“ \
AL

Model (-2)  Standard Model (2) Model (-2) Standard Model (2)
(c) 82m*/h

Fig. 12 Vortex and static pressure distributionoading to model at
section 8

So the ideal flow appears when the flow is highad a
cross-sectional area is smaller. Therefore the smynof
vortex is affected by the flow against the area.eTh
cross-sectional area is not an important factorthen static
pressure development at low flow but cross sediea affects
static pressure development when the flow is latgan the
design flow.

The performance curve also is affected by velobiad.
Therefore the analysis for circumferential velodityhe volute
casing is important. To investigate the generatieecy, the
circumferential velocity distribution at the volutasing inlet
along the impeller rotation angle is presentedig E3. The
four colors have the same meaning as in Fig. 10.

Fig. 13(b) shows that at design flow velocity imnadely
drops when the trailing edge of the impeller arglttingue meet
but velocity distribution is uniform overall. Fig.3(a) shows
that in the case of a low flow velocity acceleragharply when
the trailing edge and the tongue meet.

But after passing through the tongue velocity dropsis
phenomenon also is caused by backward flow fronthitueat to
the tongue at low flow. The flow maintains averagetbcity
from 120° but the flow is unstable because of utag flow
pattern.
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In contrast, Figure 13 (c) shows that in the cddegh flow In Fig. 14(b) with the design flow, as mentionedyed
velocities slow down when the trailing edge and thegue passing through the tongue, the velocity of Mod2) becomes
meet. This phenomenon is the reason why flow passag high from low, Model (2) becomes low from high besa of

blocked temporarily because of strong radial vé&yoend
collision near the tongue.
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Fig. 13 Circumferential velocity according to cinoferential angle at

volute casing inlet and z/b = 0.5 in the standard model

To investigate the effect of circumferential vetgcat each
section of circumferential direction, the averagelue of
circumferential velocities at the cross sectionadaaof the
interval of 60° is presented in left figure of Figt. The dynamic
pressure distributions that developed at secti¢thi®at) are
also presented in the right figure of Fig. 14.

Three colors indicate Model (-2), the standard rhoded
Model (2) respectively.

high flow, and the standard model shows almostoumif
velocity throughout the entire region. In the caséigh flow,
Model (2) keeps nearly uniform velocity becausesuafficient
space while other models show a tendency to ineredth
different gradients. In the case of low flow, thare different
decreases according to the model.

The velocities decrease from high velocity becanfséhe
accumulation of backward flow around the tonguej #mis
phenomenon is opposite to high flow.
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Fig. 14 Average circumferential velocity accordingcircumferential
angle at volute casing inlet and 2/ b= 0.5 with dynamic pressure
distribution according to model at section 8

In right figure of Fig. 14, it can be seen that theamic
pressure increases with smaller cross-sectional amd higher
flow.
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The high dynamic pressure is developed at the oflehe
volute casing at low flow but the high dynamic mea® is
developed farther away from the inlet at high flGwe dynamic
pressure is nearly uniform throughout the entiggare at design
flow.

To investigate the effect of the static and dyngméssure of
the volute casing on the performance curve accgrdin
variation of flow, static pressure, dynamic presswand total
pressure at each section in circumferential dioecf the
volute and discharge diffuser are presented in g Fig. 16,
and Fig. 17.

x 101

—+—Model (-2) === Flowrate 18m*h
6 1 i ——Standard —— Flow rate 66m*/h e
— Model (2) =--Flowrate 82m/h e

e

S. pressure head coef. (g2Hg/u,?)
N

2 = =
“ =z i Tongue(25°) i Throat (0°/360°)

0 1 2 3 4 5 6 7 8 Outlet

Section

Fi

g. 15 Static pressure head according to circuental section
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Fig. 16 Velocity head coefficient according to cintferential section
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~
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Fig. 17 Total head coefficient according to circarshtial section

Fig. 15 presents the static pressure head coeffich: design
flow, Model (-2), the standard model, and Modeli(@¢rsect at
section 4 and the coefficient decreases, is unifoamd
increases respectively from this section.

Model (-2) and Model (2) show the opposite tendesci
Static pressure head coefficients increase at theharge
diffuser. The recovery amounts are that Modelic®).033, the
standard model is 0.069, and Model (2) is 0.0%théncase of
larger one than the standard model, the recoveryuatmof
Model (2) is about twice that of Model (-2).

At low flow, the static pressure head coefficiehtte three
models increases along the circumferential directi®he
orders of the coefficients change because thesesimtersect
two times at section 2 and section 8. But theli¢tlis difference
of the coefficients in the volute casing and disgbaiffuser.

The recovery amounts are that Model (-2) is 0.05@,
standard model is 0.039, and Model (2) is 0.02°& dtovery
amount of Model (-2) is about twice that of Mod2).(

At high flow, the three models intersect near sect and
show a similar tendency to design flow, but thefiidents
slightly decrease after section 4. The standardefremtd Model
(2) recovered as 0.030 and 0.060, respectivehardischarge
diffuser. On the other hand, because Model (-2jvsheunique
phenomenon in that the coefficients do not receeeModel
(-2) is not suitable at high flow. The coefficieturves of all
models intersect each other at section 2 ~ sedtion

Fig. 16 shows the velocity head coefficients. lis figure,
the three models intersect at section 4 as thesteydof static
pressure head coefficients at design flow. The fierfit
increases, is uniform, and decreases at ModeltG&)standard
model, and model (2), respectively. The two modslde from
the standard model are opposite in the tendencietheo
coefficients. The coefficients decrease towardralar value in
section 8 ~ Outlet and the decreasing amountshateModel
(-2) is 0.143, the standard model is 0.107, and éi¢#d) is
0.081.

At low flow, all the three models decrease and shayher
velocity head coefficients with smaller cross-smwil area and
the tendency is opposite to the static pressurd beefficients
at section 2 ~ section 8. The velocity head gathérsimilar
values in section 8 ~ Outlet as in the other modélse
decreasing amounts are that Model (-2) is 0.078 standard
model is 0.045, and Model (2) is 0.032

At high flow, the three models intersect at secB8onsection
4 and the coefficients increases with a similardéty to
design flow. The coefficients also are gathereslratiar values
in section 8 ~ Outlet and the decreasing amouetthat Model
(-2) is 0.193, the standard model is 0.120, and é&l¢d) is
0.073.

Fig 17 shows total head coefficients. Total headsnearly
uniform for all models of each flow in section Zection 8 and
the orders of the coefficients are in the reverseemo of
cross-sectional area like Model (-2), the standaatlel, and
Model (2). There is a smaller difference of totadat
coefficients at design flow or higher and thereaidarger
difference of total head coefficients at low floit. design and
high flow, total head coefficients increase in BBt ~ section
2, which are affected by the tongue, and interaecection 2
and section 3, respectively.
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However total head coefficients decrease and isere@ar

Fig. 20 shows total head coefficients atn82h and the

the tongue and then are maintained uniformly withodendency is enlarged in the changing figures ottitees from

intersection at low flow. In the case of low flotlve order of the
total head coefficients are maintained in the disgé diffuser
as in the volute casing, but the total head cdefiis decrease
slightly. The decreasing amounts of the total heaefficients
are that Model (-2) is 0.02, the standard moddl.@96, and
Model (2) is 0.005. In contrast, at the design flmwarger, the
total head coefficients curve intersects in seddiagain and the
order of the total head coefficients is the saméhasorder of
section 1 ~ section 2. Then the total head coefitsi decrease
in section 8 ~ Outlet and the decreasing amouetshar largest
at high flow.

The decreasing amounts are that Model (-2) is 0.185
standard model is 0.037, and Model (2) is 0.01deatgn flow
and is that Model (-2) is 0.235, the standard m&i@l086, and
Model (2) is 0.008 at high flow.

Total head coefficients become almost constantl &loas
and models. This is the reason that static presbtesd
coefficients increase and velocity head coeffigafécrease at
low flow and the opposite phenomena occur at higw ind
total head coefficients, by summation of staticsptee head
coefficients and velocity head coefficients, areimsaned
nearly constant as at design flow.

In the discharge diffuser, the total head coeffitseare
almost uniform regardless of model at low flow khie
decreasing amount grows larger along with increpffaw and
smaller cross-sectional area.

The order of total head coefficients according twei at low
flow are in the reverse order of that of desigmwflor larger.
Also differences of static pressure head coeffisi@tcording
to model are larger with higher flow and the tergenf the
velocity head coefficients are opposite to thattlué static
pressure head coefficients.

Therefore when the centrifugal pump is operated@tigh
flow against cross-sectional area, the velocitydheeefficient is
not converted into static pressure head coeffigireaéction 8 ~
Outlet. So when a volute casing is designed, tlovelmatter
should be considered.

To investigate the characteristics of the perforreaturves
of Fig. 7, total head curve coefficients for theefmodels at the
flows of 18 m*/h, 50m°/h, and 82m®/h are presented in
Fig. 18, Fig. 19, and Fig. 20.

Fig. 18 shows the total headefficients according to models
at 18m*/h. The curves are uniform and higher with smalle

cross-sectional area along circumferential directio the
volute casing and Model (-2) slightly decreasesdntion 8 ~
Outlet but the order of the curves is maintainebdedhat of the
volute casing.

Fig. 19 shows the total headefficients according to models
at 50m*/h Other models, except Model (-2), are almos

uniform along circumferential direction regardless cross-
sectional area and show the same value at theevolitet. But
the value of Model (-2) increases slightly morentitiaat of the
other models in the volute casing and decreasesivedly
greatly in the discharge diffuser.

18 m*/h to 50m*/h and the decreasing amounts are different

according to model in the discharge diffuser.

In summary, total head decrease according to isargdlow
regardless of model and decrease greatly with hifibe and
smaller cross-sectional area. Therefore the effactetal head
coefficients according to model are insignificant karger loss
occurs with smaller cross-sectional area at low fémd total
head coefficients decrease significantly at higflAs a result,
the total head coefficient curve with a possibilifya surge
occurring is made at high flow.

As mentioned above, the discharge diffuser at @edi ~
Outlet is the device that maximizes the static suesenergy in
the fluid energy obtained from the centrifugal pyrsp this
plays a very important role in determining the perfance
curve. Table V presents the recovery amount of eacke and
the ratio of total head recovery to static pressgad recovery
for the models and flows.
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Fig. 18 Total head coefficients of models accordmgircumferential
section at 18n° / h
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Fig. 19 Total head coefficient of models accordimgircumferential
section at 50n° / h
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This ratio means the decreasing amount of total head against

thevariation amount of static pressure head and thelossislower
with lower figures in the decreasing amount of total head. So,
above table can be important parameter to select model for
variation of flow. In thistable, Model (1) is most reasonable at
18m®/h and Model (2) isreasonableat 50m® /h and82m°/h.
So, operation at the flow 50 m?/h is very efficient and

reasonable.
TABLEV
HEAD CHANGE AND THE TOT. HEAD AGAINST THE S.PRES. HEAD FOR MODEL
AND FLOW
How Modd S.pres.head Ve.head Tot.head Tot. head /
(m*/h) (107) (107) (10?) S pres. head
(-2) 0.60 -0.76 -017 -0.28
(-1) 0.46 -0.56 -0.11 -0.24
18 Stand 0.39 -0.44 -0.09 -0.23
6] 0.33 -0.38 -0.06 -0.18
%)) 0.27 -0.32 -0.09 -0.33
(-2) 0.84 -1.41 -057 -0.68
(-1) 0.81 -0.95 -0.14 017
50 Stand 0.77 -0.93 -0.16 -0.21
6] 0.69 -0.79 -0.11 -0.16
@ 0.59 -0.65 -0.07 -0.12
(-2) -0.32 -1.93 -2.35 6.34
(-1) -0.30 -1.22 -1.04 247
g2 | Sad 44 -1.20 -0.86 287
I6)) 0.28 -0.82 -0.49 -1.75
%) 0.60 -0.73 -0.08 -0.13

IV. CONCLUSION
In this study, the effect of cross-sectional area on

performance curve was investigated, and results were obtained
asfollows;

1

At low flow, backflow occurs aong the circumferential
direction regardless of model and this phenomenon is
presented obviously near the tongue and vortex structure
becomes symmetric with higher flow.

. Static pressure head and velocity head intersect near section 3

in the circumferential direction. Static pressure head
increases at low flow and velocity head increases at high
flow, so they show opposite tendencies.

. Total head in circumferential direction is amost uniform at

low flow and the shape of curve becomes bent like an arrow
with higher flow. Also thetendency of total head significantly
departs from regular variation. Therefore a 10~30% smaller
cross sectional areathan the standard model isregarded asan
available limited cross-sectiona area and in the case of a
smaller one than the limited cross-sectional area the
possibility of surges occurring increases.

. Based on theratio in the discharge diffuser, Model (1) isthat

10% larger than the standard model is optimum at low flow.

(1

[2
(3]
(4
[5]
(6]

(8l
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