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On the Occurrence of Air Entrainment in a Suction Sump
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In the present study, we consider the air entrainment into a suction pipe which is vertically inserted down into a suction sump
across a mean free-water surface. This configuration is often referred to as the “vertical wet-pit pump”, and has many practical
advantages in construction, maintenance and operation. In particular, we focus our concern upon the critical submergence depth S,
which is one of the prime and conventional indicators for the air-entrainment occurrence. By a systematic approach, we
experimentally investigate the influences of kinetic and geometric parameters upon S.. As the kinetic parameters, we consider the
Reynolds number Re and the Weber number We, in addition to the Froude number Fr, on such a basis as Fr is not much larger than
unity in many actual cases. As the geometric parameters, we consider back clearance X, sump breadth B and bottom clearance Z.
Here, all parameters are non-dimensionalized by the outside diameter D and the intake velocity V; of the suction pipe. As a result, we
reveal the effects of such six parameters upon S.. The We effect, namely, the surface-tension effect can be ignored at We > 12. And,
the Re effect, namely, the viscous effect becomes negligibly small at Re > 3x10*. Under such conditions for We and Re, we could
consider only the Fr effect, namely, the gravitational effect. Concerning the X/D and B/D effects, S/D attains the maximum at a
certain X/D or B/D. On the other hand, the Z/D effect is monotonous, and becomes small at Z/D > 2.5. Some aspects of these
geometric effects can be evaluated by a local-Froude-number effect on the basis of the global relation between S/D and Fr. And, the
other aspects is necessarily considered to be related with the flow structure in the suction sump.
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Fig. 1.
vertical-wet-pit-pump  configuration.

Suction sump and suction pipe, with the
D, Outside
diameter of a suction pipe; d, inside diameter of a

suction pipe; B, sump breadth; X, back clearance;

H, water level; S, submergence depth; Z, bottom

clearance.
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Table 1. Experimental parameters.
B [m] 33-150
X [m] 20-215
Z[m] 7-23
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Fig. 2. Experimental apparatusl. 1, Reservoir; 2,
turbo pump A; 3, suction sump; 4, strainer; 5,

suction pipe; 6, bend-type jet pump; 7, turbo pump

B; 8, eletro-magnetic flow meter; 9, triangle weir.
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(c) A spatially-continuous air string near a suction pipe
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(e) Submerging air strings

Fig. 3. Types of distinctive free-surface patterns in suction sumps.
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(a) Spatially-intermittent air string from the
atmosphere to a suction-pipe intake

(b) Spatially-continuous air string from the
atmosphere to a suction-pipe intake

Fig. 4. Photographs of air strings.
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Fig. 5. Critical submergence S./D versus Weber number We:

e, B/D =3.13, X/D = 5.0, Z/D = 0.48, Fr = 0.67 and Re

= 2.2X10* (Re/Fr? = 4.9 10", Bo = 380, 420, 440, 470); 4, B/D =3.16, X/D = 1.71, Z/D = 0.71, Fr = 1.35 and Re =

3.8 10* (Re/Fr? = 2.1X10% Bo = 260, 300);
(Re/Fr? = 4.8x10° Bo = 95, 130).

(8)

A, B/D =3.16, X/D = 1.71, Z/D = 0.71, Fr = 2.8 and Re = 3.8 10*
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Fig. 6. Critical submergence S./D versus Reynolds number Re, for several value of suction-sump breadth B: 4, B/D

=143, X/D=211,2/D=0.71, Fr = 1.9 and We = 15-27 (Bo = 62-198); =, B/D =2.11, X/D =2.11,Z/D =0.71, Fr =
1.9 and We = 8.7-27 (Bo = 20-198); A, B/D = 3.57, X/D = 2.11, Z/D = 0.71, Fr = 1.9 and We = 8.7-24 (Bo =
20-155); @,B/D=4.21,X/D=2.11,7Z/D=0.71, Fr = 1.9 and We = 8.7-24 (Bo = 20-155).

(9)



10 FH B - ARG - ABRHE R - RRE A - H R R

D, Bo > 9572 D AFHAMMIE & 137272 0 e 273,
Jain et al. (1978) |2 X %Bo > 55 72 5 H#IIARIE
(ZFEGTITVN.

Fig. 6~Fig. 8/%, Re £ 7= 1ZRe/FriiZ it % S/DIT R
9. BAREICIR <% &, Fig. 63 X OFig. 7, Fig. 813,
FThEN, EORRHMNSOBID, BLWY, —H50
XID, Z2DZIDIZETHHDOTH L. b b AA, F 4
DOEET, WekBoZzfrE, Fr LT XTOIIKNT
A= —EOMHEIZEE LTS, LoT, £KT

1L, We&Bold, —EIZHRENTELT, RebHdHW
IXRe/FPDMEICIE LT, ZNOHLDMEEEZD. L
LN, fERORESHWe > 12TH Y, FEED
K¥-Bo > 5Th D, 7eds, HMHOMHEN, i
SOMEERT. (6o T, LLTF O T, Weih
REIIBONR A BT 5. 2R DIE, LFO#
FTIE, We>12 £721% Bo > 95DFE RS IT &2 #5532
RBIZ LT, N, Regh® £ 7-I1FRe/Fr*zhfom
HEELEZ DL THD.

2

1.5

s/D

5
Re X 104

8 10 12

Re/Fr2 X108

Fig. 7. Critical submergence S¢/D versus Reynolds number Re, for several value of back clearance X: @, B/D =
3.57, X/ID =211, 2/D =0.71, Fr = 1.9 and We = 8.7-27 (Bo = 20-198); A, B/D =3.57, X/D =252, Z/D = 0.71,

Fr=1.9 and We = 8.7-27 (Bo = 20-198).
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Fig. 8. Critical submergence S¢/D versus Reynolds number Re, for several value of bottom clearance Z: 4, B/D =
3.57, X/D =2.11, Z/D = 0.26, Fr = 1.9 and We = 8.7-21 (Bo = 20-124); wm, B/D =3.57, X/D =2.11, Z/D =0.71, Fr
=19 and We = 8.7-21 (Bo = 20-124); A, B/D =357, X/D =2.11, Z/D = 1.43, Fr = 1.9 and We = 8.7-24 (Bo =

20-155).
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Fig. 9. Critical submergence S./D versus Froude number Fr, for several value of suction-sump breadth B: 4, B/D =
2.11, X/D = 2.11, Z/D = 0.71, Re = 3.8 X 10*and We = 20-26 (Bo = 105-309); m, B/D =3.57, X/D = 2.11, Z/D = 0.71,
Re = 3.8 10%and We = 20-26 (Bo = 105-309); A, B/D =4.21, X/D = 2.11, Z/D = 0.71, Re = 3.8 X10%*and We =
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Werth & Frizell (2009).
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Fig. 10. Critical submergence S¢/D versus suction-sump breadth B, for several value of back clearance X: 4, X/D
=0.79, Z/D = 0.71, Fr = 1.6, Re = 3.8 10* and We = 22.4 (Re/Fr’ = 1.5x 10", Bo = 197); m, X/D =1.32,Z/D =
0.71, Fr = 1.6, Re = 3.8 10* and We = 22.4 (Re/Fr? = 1.5 10% Bo = 197); <>, Kitamura & Kida (1971), X/D =
0.95, Z/D = 0.48, Fr = 0.68-0.75 and Re = 1.3 10°% o, Tagomori (1976), X/D = 0.92, Z/D = 0.58, Fr = 0.68 and
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Fig. 11. Critical submergence S./D versus back clearance X, for several value of sump breath B: 4, B/D = 3.16,
Z/D =0.71, Fr = 1.6, Re = 3.8 10" and We = 22.4 (Re/Fr’ = 1.5 X 10%, Bo=197); m, B/D =4.21,2/D =0.71, Fr =
1.6, Re = 3.8 10" and We = 22.4 (Re/Fr? = 1.5X10% Bo = 197); <, Isohata et al. (1975), B/D = 2.5, Z/D = 0.60,
Fr =0.68 and Re = unknown; [, Tagomori (1976), B/D = 2.3, Z/D = 0.58, Fr = 0.68 and Re = 1.0 X 10°.
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Fig. 12. Critical submergence S/D versus bottom clearance Z: <>, B/D = 3.16, X/D = 2.11, Fr = 1.6, Re = 3.8x10*
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