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Abstract 

Efficiency of a centrifugal pump is known to drop rapidly with a decrease of specffic 

speed nt in the range of n, ~ 100 [m,m3/min,min-l]. However, below nl = CO, the 

pump efficiency is not yet clear, and the spiral angle of a volute casing bcconaes too 

smau to manufacture. To' solve this problern, a circular casing is conside!ed appropriate 

in the very low n, range. The present study is aimed to reveal the relation between 

pump efficiency and a specific spced in the range of n. ~ co, when a circular casing 

is used. The results show that a circular casing gives higher efficiency than a spiral 

casing, and that radial thrust is considerably small in both casings compared with that 

of ordinary specific speed pun~p. 
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Pump efficiency drops rapidly with a decrease of specific speed ns in the range of n, ~ 

IOO [m,m3/min, min-l] CI:ype nuniber K ~ 0.224)(1). However, in the range of nt ~ 60, pwrp 

characterishcs are not clear yet. One of the present authors studied the pump performances 

of ns = 60 and deterrnined the effects of design parameters on punrp perforrnances(2X3)(4) . 

Moreover, very low specific speed pulpp tends to have unstable head curve rear the shut off 

point in spite of impeller outlet angle P2 = 23'(5). In order to itnprove unstable head curve, 

semi open impeller was applied and internal flow and performance of semi open imp~ller 

was also clarified(~). Recently; perfonnance irrprovement based on op~unum design method 

applied to semi open impeller of low specific speed was reported(7) . 

A spiral casing is used in these studies. However, in the range of n, ~ 60, it is very 

difficult to attain the manufacturing accuracy$ as the spiml angle of the casing becomes very 

small. Thus, a circular casing is considered suitable as a pump casing in the very low specific 

speed range to solve the problem of very small spiral angle. However, there are few studies on 

the flow in a drcular casing and radial thrust will be caused even at the best efficiercy poin~ 

because impeller outlet flow pattem is not unifor~L 

In the range of normal specific spe~ the best efficiency point (BEP) of a centrifugal 

pulnp is largely iniluenced not only by inrpeller parameters but also by casing parameters. 

The BEP of a centrifugal pump is detennined by the intersection of the head curves of both 

an ing)euer and a casing(8). However, the BEP of a very low speciflc speed pump comes to 

much higher discharge range than the designed(3)(4) . Thus, a relationship bctween the designed 

specific speed and the best efficiency point is important in the low n* range. 
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The purpose of the present study is to reveal the pump puforrnances and the matchiDg 

performances between a casing and an hnpeller, when a circular casing is used. Two types 

of casing, a spiral casing and a circular casing, and five impellers are used to deterrnine the 

matching performanee. Moreover, pump performance in the wide range of ns ~ co are clari-

fied experimentally. 

2. N()menclature 

A : secdonal area [m2] 

b : channel width [ml 

F. : radial thrust [N] 

H : pulrping head [m] 

L : shaft power [W] 

n* : specific speed [m, m3lmin, min-l] 

n,:1 : Iocal specific speed [m,m3lmin, min-1 J 

p : pressure LPa] 

Q : fiow rate [m3ls] 

r : radius [mm] 

u2 : in~peuer tp velocity [m/s] 

Z : nulnber of ing)eller blades 

p : irapeller angle ['] 

p : density of fiuid [kglm3] 

c : discharge coeificient 

= QIA2u2 

3. Design guide line of very low n* pun]p 

~ : head coefficient 

= gHlu22 
r : shaft power coefficient 

= LlpA2u~ 
,7 : efficiency 

= gQll:lL 
cp : pressure coefficienct 

= 2 (p - pt) / (pu~) 

cr : radial thrust ccefficient 

l 21 = 2F./ ¥pA2u21 

subscript : 

2, 3 : at inpeller outle~ casing 

s, v : at impeller suction, casing tongue 

D.P.. M.P.. Bh'P : at design poin~ matcbing 

poin~ best efiiciency point 

In the range of n, ~ eo, the conventional design gives too small itrpeller outlet width 

b2 and too small spiral angle y of the casing to manufacture(lX9). Consequently; new design 

guide line is needed in the range of ns ~ 60. Specific speed is expressed as follows by using 

non<linensional p arameters ; 

HD.P. 1727 vb~; ~-~~PD;~PJ~･ (1) V~7 
ns=n 3/4 = 

Therefore, in order to design a very low ns PullDp, there are only two methods. One is to 

make b2/r2 snau and the other is to make cDJ~. smaller and cDJR, higher. The former has the 

limitation of b2/r2 = 0.02 in nanufacturing. Thus, the later is only the method to realize very 

low specffic speed pur~p. 

The pump dcsign point (D.P.) is obtained by the intersection between an irnpeller head-

curves ~imp and a casing head-curves cul as follows(5); 

~imp = 2(1 - k - chhc~ tanPi) (2) 

~,d = 4,,:b2c/b3 In(1 + Avlb3r,) (3) 

where k is the slip facto~ro), e2 = I - Zt2/2,rr2si~p2 (t2; blade thickness) and qu is the volu-

metric efficiency! Equation (3) is obtained under the assumption that the casing throat flow is 

a flee vortex and the throat section is rectangle. 

Frgure I shows the constant specific speed lines plotted in the cD.P. - ~D.P. Plane for the 

case of Z = 6, b2/r2 = 0.04 and b3/b2 = 4.0. Also, cimp and ~vol are plotted in Frg. I togetber 

with the matching point (M.P.) by the symbol of ･, ~imp Is mainly infiuenced by hnpeller 

outlet angle P2 and ~vd is mainly intuenced by the casing throat sectional area A.. Therefore, 

the P2 value is varied from 30' to 90' and the Au/A2 value is selected to 0.05 and the half. 

(A,/A2 = 0.025) 

Frgure I reveals that M.P. changes little as shown by (D - e), even when P2 is varied 

widely. However. M.P. changes largely as shown by (D and @, when A, is varied. As a result, 

specific speed at D.P. is cbanged largely from 60 to 40. After all, a very low ns Pump can 

- ---- -- 
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Configumtion of iml~llcrs tested 

only be realized by reducing the sectional area of a volute tongue. And intuence of impeller 

design parameters on specific speed is relatively sman. 

A throat sectional area becomes very small with the decrease of specific speed and the 

effect of roughness in tbroat becomes relatively large. The circular casing is suitable in the 

range of very low specific spee(~ because it is possible to be macbined precisely. 

For the citcular shape of the throat section shown in Frg. 2, ~vd is gives as follows under 

the assulnption that the casiDg flow is a free vortex and the velocity in the casing throat section 

is unifonn; 

lly2 'rb2rv 

u2 Av 

4. Experirnents 

4.1. Experimental Apparatus 

Frgure 3 shows the test centrifirgal purnp when circular casing is used Casings tested 

as a circular and a spiml are shown in Table I , where r3 denotes both the iuner radius in 

the circular cashg and the volute basic drcle radius in the spiral casing. Both casings are 

designed for n, = 60. A easing radius r3 of a circular cashg is detennined that the total area 

in the casing channel becomes same as that of spiral casing. The form of throat in both casings 

are differenL such as rectangle in a spiral casing and circle in a circular casing. Both casings 

have rectangle volute channel and surface rougbness is Rmax = 25/an. The roughness at the 

discharge throat is difiierent in both casing, such as casdng in a spiral casing and machined 

precisely in a circular casing. 

In order to detennine the matching perfonnance for a circular casing, five impellers are 

tested as shown in Firg. 3 and Table 2. The impeller has different P2 and Z. Pour impellers 
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Table I Dimensions of casingstested 

b3, r3 : mmAo :mm2 
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Table 2 Dimensions of impellers tested 
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Flg. 5 Configwuionofcasingtbroatwithspacer 

(In~p. '~ B. C and D) are made by casdng using stainless steel, and the nanufacturing accu-

racy of these itnpe;llers is very low as shown in Table 2, because the irnp~ller outlet width is 

very small compared with the impe;1ler radius. All ilnpeller is designed by conventional d,~ 

sign methodOO . In order to reveal the inlluence of dimensional scatter of an impcller on pump 

puformance. the new mjpeller (Imp. E) is machined precisely. The test Reymlds number 

Re = u2r2/v is (26 - 2.9) x l06. 

As the pump performance of a drcular casing is uot known. The influence of iug?euer 

outlet radius r2 on pump performance is also measured by cuttiug the outer radius of Imj?･ E 

as shown in Table 3. 

4!2. Experimental method 

Itl order to change n, widely in the range of n, ~ 60, the throat secdonal area A, is 

changed by use of a spacer inserted into a casing throat as shown in Frg. 5. The measmed A, -

value is shown in Table 4 for three difiierent specific speed. As shown later, tbe efficiency of a 

circutar casing is higher than that of a spiral casing, and tbroat sectional area is reduced only 

in a circular casing. 

5. Results and Discussions 

5.1. Comparison of circular casing with spiral casing 

The comparison of perfornlance curves between a circular casiug and a spiral casing is 

shown at nl = CO in Frg. 6. It is clearly seen that the efficiency of a circular casing is higher 

than that of a spiral casing in all fiow range and n of a circular casing is 7~~:o higher than 

that of a spiral casing. But head curve of a circular casing has unstable part at low fiow rate. 

In otber impellers, the salne tendency was obtained Considering that shaft power T is same 

in both casings and mjpeller outlet pressure distri'bution is ahnost sanDe (shown in Frg. 7), 

the difilerence of the efficiency is mainly caused by the hydraulic loss in the volute casing and 

throat channel. In both casings, the maximum einciency umax is attained at ns = 60. The 

Teble 3 Dimension of impeller E fcr impeller cut test Table 4 Vatiation of throat sectional area 

b2, r2 : mm A. : mm2 
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Fig. 7 Infiuence of casin8 type on cashg wall static pressure and radial thrust 

calculated M.P. of both casings are in good agreement with the measured clltp-

Wben a drcular casing is use(~ the serious problem is radial tbrust based on non-unform 

inpeller outlet fiow. In order to clarify the radial thrus~ the pressure dist!ibution around an 

impeuer is lreasmed. Frgure 7 (a) shows the comparison of pressure distribution in both ca:h 

ings and Frg. 7(b) also shows radial tbrust coefficient calculated from the pressure distribution. 

Firgure 7 (b) reveals that the radial thrust is considerably small in both casings corrpared with 

that of an ordinary nt pump, which is because the pressure distribution around an in~ller 

outlet is ahnost uniform as shown in Frg. 7(a). In Frg. 7(b), the Stepanoff formulao) is also 

plott4 and it is seen that the Stepanofi formula is not applicable in the very low nl range. As 

a resulL the radial thrust is remarkably small compared with that of an ordinary specffic speed 

pump. 

5.2. Inlluence of itnpeller design parameters 

Frgures 8 and 9 show the infuence of inpeller design parameters P2 and Z on pulrp 

performance curves, respectively 

Frgures 8 and 9 reveal that the intuence of the design parameters of impeller on 1ln'a' 

is very small(:t 1%), though the tendency of dependerce of performance curves on impeller 

design parameter is almost same as that in the ordinary ns range. For example, unstable head 

characteristics increases with increasing P2 -

Frgure 9 reveals that head and shaft power of Z = 6 is higher than that of Z = 4. Tbis 

might be caused by the increase of theoretical head based on the decrease of slip factor. 

The infiuence of manufacturing tolemnce and internal surface rougbness of impeller can 

be clarified by the cong,arison of linp. B with h~p. E-2. The differences of ,1,,,a and pafor-

mance curves between Imp. B and Ilnp. E-2 are seen to bc small. It suggests that infiuence of 
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Fi~ 10 Infiucnce of volute throat sectional area A. (Sp. l) 

irapeller hydraulic loss on pump performance is not large. 

Though not shown in the Frgurcs, the infiuence of itrl?ener design parameters on punp 

performance in a spiral casing was ahlBst same as that in a circular casing. These results 

reveals that the infiuence of manufacturing tolerance and the itppeller design parameters on 

pungp performance is very snall in the range of very low specific speed. 

5.3. Performances in the wide range of ns 

Frgure 10(a) shows the corrparison of pul~p puformarce curves when throat secdonal 

area A. is widely changed by use of spacer I (Sp. l), and Frg. lO(b) shows 11 against local 

spcciEc speed nll' Tbe test hrpeller is hxp. E-~ and test casing is circular casing of r3lr2 = 

l.10. 

Frgure 10(a) reveals that cBEP and nsBEP decrease largely with the decrease of A. as was 

expecte(~ and rapid drop of head is very large when the throat sectional area is reduce(L It 

is also recognized in Fig. 10(a) that the shaft power-capacity curves is ahnost sarne, which 

proves tbat tbe itrpe;ller intemal flow pattern differs little for a large change of nl ' It is also 

recognized that the head curve becomes more unstable with the decrease of ns near the shut-off 

point. The calculated M.P. is in good agreelnent with the measured cBliP' 

Frgure 10(b) reveals that au the ,1 -nsl curves for di~erent ns conB to one curve in the low 

fiow range of each pung,. It also reveals that the nmax Of each pump is about 6% Iower than tbe 

no spacer case. Therefore. 7 of each A. (dotted line) is lower than a of ns = 60 pump. As a 

resul~ higher efficiency of a very low specific speed pump is attainable by a partial operation 

of a higher nl pung, rather than by the BEP operadon of low ns Pump. 

These results also clarify that the reduction of throat sectional area makes specific speed 

change widely. Ih this case, it is important to detennine the optimum spacer position and 

configuration. The values of nsBEP and ~max are plotted against A./A2 in Figure 1 1(a), when 
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I nfiuence of spacer on pamp perfomance 

Fig. 12 Iniluence of impelkr design parameter (Sp. 3) 

Sp I and Sp 2 are used Frgure 1 1(a) reveals that n BEP and ,1Jnax decrease largely with the 

decrease of A.lA2, and drops rapidly in the range of Av/A2 ~ 0.01(nt ~ 40). Conq?arison of 

Sp. I with Sp. 2 in Frg. I l(a) reveals that the effect of spacer position is unexpectedly smau. 

Figure 1 1(b) shows the comparison of pungp perfonmnce curves when three different 

types of spacer are used. Frgure 1 1(b) reveals that ,Imax is very low, but the difference of ,Imax 

is small. Here. Sp. 2 gives higher efficiency which is due to higher specific spee(~ and not due 

to spacer configuration. Colnparison of Sp. I with Sp. 3 reveals that the diflerence of spacer 

type does not infiuence on an'ax and ntBEP' 

In addition, there are no studies about punqp performance data in the extremely low 

specffic speed range. The influence of inpeller design parameters on purnp performance at 

the specific speed 25 is shown in Fig. 12. 

In ordinary mjpeller outlet angle P2 makes head curve change largely. However, head 

curves from shut ofr point to BEP are salne for every iupe;ller in spite of various P2 and Z. This 

is because hydraulic loss at casiug tongue is very large. Consequently; the efficiency is allnost 

same in all inrpellers (:t0.5%). The pressure distribution and the radial thrust calculated by 

pressure are also same result as that in n. = 60. though not shown iu figures. 

These results suggest that the infiuence of mjpeller design paranleters on pump perfor-

mance in the very low specific speed range is very small. 

5.4. Optimum design dimension of circular casing and impeller cut test 

In the former section, it was made clear that tbe pump efficiency changes largely with the 

change of specific speed in the range of very low specific speed. As the throat dimensions of 

a casing makes specific speed widely change, the best efficiency changes widely as shown in 

Fig. 10(a). Here, the iufiuence of another dimension of a casing is studied below. 

According to Eqs. (2) and (3), the decrease of r, gives larger cM.P and smaller ~M.P for 

the same impoller, resulting in increase of efficiency due to increase of n*. On the contrary, 
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Fig. 13 Infiuence of impeller cut on pump perfamance 

the decrease of r2 for the same casing results in the increase of efficiency due to increase of 

nl defined by Eq. ( 1). The above discussion seems to be contradictory when Ar = r3 - r2 

is considered; efficiency inaeases when A r become smaller for the same itppeller, bu t the 

efficiency incrcases when Ar become larger for the salne casing. 

In order to confrm the above inference, impc;ller radius cut test is perfonned using Imj,. 

E and tbe circular casing. Frgure 13(a) shows performance curves in diuensional forrni and 

Frgure 13(b) also shows the relationship between local specmc ~d and cfficiency Flgure 

l 3(a) shows that power become decrease when irnpeller outlet radius becomes small, but the 

best efficiency is ipproved This is because the best efficiency point noves to high specific 

speec and tbe nference is confilmed by Frg. 13(a). 

As a resul~ tbe optimization of a circular casing can be made by increasing the specific 

speed at the BEP. Here, it is interesting that the efficiency of large r2 case is higher than that 

of smau r2 case in the range of n. ~ 50. For exalrple, the efficiency of Imp. E- I is 7% higber 

than tbat of hnp. E-3 at ns = 30. Tbis implies that the performance improvement should be 

attained by tbe optimization of impeller frst and then casing should be optirnized. 

6. Conclusions 

The pump performances and the infiuence of design parameters are made clear in the 

very low n, range (n, ~ 60). The main conclusions obtained are summarized as follows; 

( I ) The pulnp Inaximum efficiency with a circular casing is about 7% higher than that 

with a spiral casing at n, = 60. Tberefore, a circular casing is suitable in the very low specific 

speed range. 

( 2 ) The best efficiercy is shifted to low fiow rate along the same curve, when the specific 

speed is deaFeased by reducing the tbroat sectional area. 

( 3 ) Radial thrust is remarkably smau compared with that of ordinary specmc speed 

pump. This is because a pressurc distribution around an impoller is alnost uniform at all 

fiow range. 

( 4 ) Ihfiuence of mauufacturing tolemuce and impeller design parameters on pump per-

fomance is very small. 

( 5 ) The best efficiency rapidly decreased with the decrease of specific speed. Especially; 

the amount of decrease is especially sensitive in the range of specific speed n, ~ 40. 

( 6 ) Reductions of casing inner radius and cut of impeller outlet radius makes efficiercy 

improve. However, specific speed at the best efficiency point also inereases. 

( 7 ) The best efficiency point is well predicted by the equation shown in this study. 
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