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NOMENCLATURE

Symbols Brief definition Unint
B distance from the back wall to the [m]
pump inlet bell-mouth centerline m
B, © Bond number (= pgD?*/o) (-]
C distance between the inlet bell and [m]
floor m
D © bell-mouth diameter [m]
Fr . Froude number (= v,/ (¢gD)"") [—]
g : acceleration of gravity [m/s?]
H © minimum liquid depth [m]
7 width of rectanglur entrance for [m]
intake suction piping m
m : distance along meridional curve [m]
Q : volume flow rate (m?/s]
R, Renolds number (= V,D/v) [—]
v : local velocity [m/s]
w © pump bay entrance width [m]
p : density [kg/m?]
o : surface tension [N/m)]
v : Kkinematic viscosity [m?/s]
Tij : stress tensor [—]
U © viscosity [Pa « s]
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ABSTRACT

A Study on the Flow Characteristics of Bended type Sump
pump

Jun-seok, Oh
Advisor: Prof. Haeng-Nam, Lee Ph.D
Department of Mechanical Engineering.

Graduate School of Chosun University

Sump pump pumps up stagnant water and is used in areas experiencing
frequent flooding and in various places such as factory, home, and farm
village with the purpose of the drainage transfer from a septic tank or the
circulation of industrial cooling water.

When the drainage pump is designed, if the size and the shape of bell mouth
and the shape of pump water tank are not appropriate, vortex and swirl can
occur inside the pump water tank.

When created vortex and air flow into the bell mouth, this triggers
vibration and noise, and pump’ s degradation, decrease of the discharge
rate, and motor overload occur .

Therefore, decreasing the occurrences of vortex is the most important
factor in designing the sump pump.

This research verified the impact of bell mouth’” s shape among the
vortex’ s generation factors emerged from the sump pump through the
computational fluid dynamics.

This study is figured out the vortex s structure and characteristics of

_iV_
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the flow in the sump pump and investigated the conditions for vortex’ s

occurrence.
This study to secure CFD projection technology of the bell mouth’ s shape
by examining further test results.

Through this research is identified vortex” s occurrence and its level
according to changes of the bell mouth’ s shape and verified the impact of

the bell mouth’ s shape on the vortex’ s occurrence.
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Fig. 1 Sump system schematic diagram
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Fig. 8 Simulation modeling case. (a) base casel-straight type. (b) base case2-
bend channel type 100% tank length. (c) casel-bend channel type 10% reduce
tank length. (e) case3-bend channel type 30% reduce tank length. (f) case4—bend
channel type 10% increase tank length. (g) case5-bend channel type 20%

increase tank length.

2t HAlRdle AME JI229 (Base Casel) 100, =28 & JI=22<(Base Case 2)
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1, S48 2Y(Case 2~4) 304, &HE 2L (Case 5~6) 204 OIH, 2 2L &
EHOIA E Type &S ADE &£Xe ZEES ZES6IH S 1412 S4ZEE s &

HotALH.

Tablel 2= 2 oA &2 HSHOIAE LIEFHCEH

a0l et 7942 2E, AFAMEXS S0 Tet 2942 2€, =X9 =2 =

FI00 Wt 2942 22, Bol 2EE0l Mt 342 RE2s 8ot S+82 2
0 A

_ =
HEAG Dot RESH

| HEH Yol Ss22dE= HEH UEILHEXE
Hl W ot QA+ stk
Table 2 Simulation modeling case number
AVD In—tank length Water level Pump flow rate
Base case 1(M)
No AVD Base case 2(®@) High(a) Max(®)
(A) Test case 1(®)
Test case 2(@) AVG(®)
Full AVD Test case 3(®)
—E type Test case 4(®) Low(b) :
(®) Min(®)
Test case 5(@)
2. BT AXGHA 229 AWML

ofd= +&iot)| ol HAZE0 CHet AXE -0 ot=0l s 220l 2
22 ZXIH Z0l SHIHAl ZI10 Ol0 et sHAAIZH0l Qe Zels SEO0l AT
e 2 AF0A AlsSE 222 = MR 732 S8 Hitcte 29
2 ANE dIIH ddotll, ofs0 s S g+ FE2 2g2E ANE o
dotALH.
= 70 AEE AIER2E2 AX= ANSYS ICEM-CFD 14.52 AtEot0 NHsSH A
HEUAE ASoIR2H, HHA=S0l Tetra AXE ddotl), HEWAL RS
2 ZEoHA meol)| Aot HA=F 2 HH= PrismAXAE MEAH HL
2o =8ds 2ottt
Cks2 Fig. 9, 102 2 HAZ2ELel HAX2l 252 JtAIg otRUCH
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Fig. 9 Computational grid for the straight type sump. (a) full grid. (b) in—tank grid.

(d) pump grid.

(c) sump grid.
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A A

Fig. 10 Computational grid for the bend channel type sump. (a) full grid.
(b) in—tank1 grid. (c) in—tank2 grid. (d) sump grid. (e¢) pump grid.
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Chts2l Table 32 2 ofdZ2ZE2 AIE AXt= HX=+=Z LIELHCEH

Table 3. Simulation modeling case grid number

Part i itk 5 Sump Pump Total Grid no.

Base 1 | 709,843 - 1,138,476

Base 2 | 591,859 | 644,467 1,664,959

Case 1 | 344,162 | 340,835 1,113,630

HWL | Case 2 | 477,639 | 490,416 | 399,034 | 29,599 1,396,688

Case 3 | 573,786 | 350,443 1,352,862

Case 4 | 477,833 | 769,364 1,675,830

No Case 5 | 477,910 | 698,639 1,605,182
AVD Base 1| 347,761 ~ 951,574
Base 2 | 352,970 | 395,679 1,352,462

Case 1 | 353,079 | 349,447 1,306,339

LWL | Case 2 | 286,518 | 302,078 | 504,066 | 99,747 1,192,409

Case 3 | 353,085 | 256,406 1,213,304

Case 4 | 353,045 | 468,350 1,425,208

Case 5 | 353,031 | 516,131 1,472,975

Base 1 | 709,843 - 1,101,049

Base 2 | 591,859 | 644,467 1,627,532

Case 1 | 344,162 | 340,835 1,076,203

HWL | Case 2 | 477,639 | 490,416 | 361,607 | 29,599 1,359,261

Case 3 | 573,786 | 350,443 1,315,435

Case 4 | 477,833 | 769,364 1,638,403

Full Case 5 | 477,910 | 698,639 1,538,156
AVD Base 1 | 347,761 ~ 668,154
Base 2 | 352,970 | 395,679 1,069,042

Case 1 | 353,079 | 349,447 1,022,919

LWL | Case 2 | 286,518 | 302,078 | 220,646 | 99,747 908,989

Case 3 | 353,085 | 256,406 929,884

Case 4 | 353,045 | 468,350 1,141,788

Case 5 | 353,031 | 516,131 1,189,555

ofs 2EE AX= 100800 W2 HdE UL

njo

4>
02

AZHOI HE 2472 HS= =elot)| ?I6t0 Time ScaleE XM Eot0d AHlbt

o
7T
f k—w SST H=Z2E S AIZoIR2H, 2 Z20A S+ A1

EDEAS WYRYZIAS ASIAD =010 L2 222 HE5| AU p=pgh
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HeAlE JHHNH SOHOIALEH.
Table 4 Boundary conditions for the simulation model
base 1 base 2 | case 1 | case 2 | case 3 | case 4 | case 5
Design type | Straight Bended
degéwgent Steady flow — auto time Scale
Phase Single
Water lever High= 6,030 Low= 3,530
(mm) Igh= b, ow= 3,
Flow rate _ _ -
(ka/s) Max= 4154 Average= 3461 Min= 2423
Turbulence
mOde| kwaST
4. S8 =XIohe ZHXZAH
SE+d9 X2 et AHAXTAHZ2 Fig. 11 20| 2HH}CH. gF2XH=2 H
IO 2EXIAN et ISR 3461 kg/sE JIEL=E 120%E XUHE SRS
21 4154 kg/s, 70%E XAESRSFAAH 2423 kg/s & 20HOIPLH. EFRE2H2 ¢
HAAN SLoHH EHEHRIFLHOZ RHOIUU. 82 HEHES BI|5% =0|
Q= HE Free slipwal |2 X6l D 1O 29 HOHE2 25 No-slipez &%
ot A Ct
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Inlet: Mass Flow rate R14.5

(Qmax: 4,154kg/s, Qavg: 3,461kg/s, Qmin:2,423kg/s

| Top Wall: Free slip wall I I Side2 Wall: No slip wall I

Outlet: Mass Flow rate
(Qmax: 4,154kg/s, Qavg: 3,461kg/s, Qmin:2,423kg/s

Back Wall: No slip wall
—

Sidel Wall: No slip wall

Bottom wall: No slip wall I
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ANSYS
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Outlet: Mass Flow rate
(Qmax: 4,154kg/s, Qavg: 3,461kg/s, Qmin:2,423kg/s

I Top Wall: Free slip wall |

: Side2 Wall: No slip wall I

Inlet: Mass Flow rate
(Qmax: 4,154kg/s, Qavg: 3,461kg/s, Qmin:2,423kg/s
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CHOSUN UNIVERSITY

ANSYS

R14.5

Outlet: Mass Flow rate
(Qmax: 4,154kg/s, Qavg: 3,461kg/s, Qmin:2,423kg/s

| Top Wall: Free slip wall |

Inlet: Mass Flow rate
(Qmax: 4,154kg/s, Qavg: 3,461kg/s, Qmin:2,423kg/s

N
Back Wall: No slip wall

0 4.500 9.000 (m) 7/1\ X
I ] .

2250 6.750

Fig. 11 Boundary conditions of the case. (a) straight type. (b) bend channel type.
(c) bend channel type(with AVD)
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= Fig. 12 Ol LIEHHSA
2 “Back Wall” 2, d}

| 29| &= RotH JI=2HeE 488
=

Ct. S=39 % -« HHZ2 "Side Wall 1-2" 2, &

SHE "Bottom Wall”™ 2 ?& XIULH.

Figure 13= ol ZHE Feldtd| fIst AIE0 st Q822 A, tiet2= &
et E32 ZOUJIHAM Hiet29 Top view, BIEHWAM Hiet2 3 Bottom view,
X -2 HHHUHA Btet23 Side View, S22 L0 Hiet2H IS0 ViewE 3
XNALCEH.

(a) (b)

ANSYS ANSYS

Slde 2 Wall

«—{Back all] Back Wall
W Side 1 Wall
=
Bottom WaII Bottom WaH 4000 (m) ./I\

Fig.12 Simulation model partition name. (a) no AVD sump. (b) full AVD sump.

Top View

ISO View
>
>

’ 1
Side View )2

[

o 200 4000 (h, :,;
— m/_"‘—: 000 “Back View

Bottom View

Fig. 13 Model view name.
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(1

Velocity
40

‘ 272

—
0500 1,500 0500 1500

(n)

Velocity
40

g s ?>T

Fig. 14 Result of straight type sump(basel). (a) back wall streamline at back
view. (b) back wall streamline at ISO view. (c) bottom wall streamline at bottom
view. (d) bottom wall streamline at ISO view. (e) sidel wall streamline at ISO
view. (f) side2 wall streamline at ISO view. (g) sidel wall streamline at side
view. (h) side2 wall streamline at side view. (i) total streamline at ISO view. ()
total streamline at side view. (k) total streamline at top view. (I) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO

view. (n) vector contour at Z-X plan(-2.9m) at ISO view.
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Fig. 15 Result of bend channel type sump(base?). (a) back wall streamline at
back view. (b) back wall streamline at ISO view. (c) bottom wall streamline at
bottom view. (d) bottom wall streamline at 1SO view. (e) sidel wall streamline at
ISO view. (f) side2 wall streamline at 1SO view. (g) sidel wall streamline at side
view. (h) side2 wall streamline at side view. (i) total streamline at 1SO view. (j)
total streamline at side view. (k) total streamline at top view. (I) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO
view. (n) vector contour at Z-X plan(-2.9m) at ISO view. (o) velocity contour at
top view. (p) velocity contour at ISO view
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Fig. 16 Result of bend channel type sump(casel). (a) back wall streamline at
back view. (b) back wall streamline at ISO view. (c) bottom wall streamline at
bottom view. (d) bottom wall streamline at 1SO view. (e) sidel wall streamline at
ISO view. (f) side2 wall streamline at I1SO view. (g) sidel wall streamline at side
view. (h) side2 wall streamline at side view. (i) total streamline at 1SO view. (j)
total streamline at side view. (k) total streamline at top view. (I) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO
view. (n) vector contour at Z-X plan(-2.9m) at ISO view. (o) velocity contour at
top view. (p) velocity contour at I1SO view
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Fig. 17 Result of bend channel type sump(case?). (a) back wall streamline at
back view. (b) back wall streamline at ISO view. (c) bottom wall streamline at
bottom view. (d) bottom wall streamline at 1SO view. (e) sidel wall streamline at
ISO view. (f) side2 wall streamline at I1SO view. (g) sidel wall streamline at side
view. (h) side2 wall streamline at side view. (i) total streamline at 1SO view. (j)
total streamline at side view. (k) total streamline at top view. (I) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO
view. (n) vector contour at Z-X plan(-2.9m) at ISO view. (o) velocity contour at
top view. (p) velocity contour at I1SO view
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Fig. 18 Result of bend channel type sump(case3). (a) back wall streamline at
back view. (b) back wall streamline at ISO view. (c) bottom wall streamline at
bottom view. (d) bottom wall streamline at 1SO view. (e) sidel wall streamline at
ISO view. (f) side2 wall streamline at 1SO view. (g) sidel wall streamline at side
view. (h) side2 wall streamline at side view. (i) total streamline at 1SO view. (j)
total streamline at side view. (k) total streamline at top view. (I) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO
view. (n) vector contour at Z-X plan(-2.9m) at ISO view. (o) velocity contour at
top view. (p) velocity contour at I1SO view
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Fig. 19 Result of bend channel type sump(case4). (a) back wall streamline at
back view. (b) back wall streamline at ISO view. (c) bottom wall streamline at
bottom view. (d) bottom wall streamline at ISO view. (e) side1 wall streamline at
ISO view. (f) side2 wall streamline at 1SO view. (g) sidel wall streamline at side
view. (h) side? wall streamline at side view. (i) total streamline at ISO view. (j)
total streamline at side view. (k) total streamline at top view. (I) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO
view. (n) vector contour at Z-X plan(-2.9m) at ISO view. (0) velocity contour at

top view. (p) velocity contour at ISO view
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Fig. 20 Result of bend channel type sump(caseb). (a) back wall streamline at
back view. (b) back wall streamline at ISO view. (c) bottom wall streamline at
bottom view. (d) bottom wall streamline at ISO view. (e) side1 wall streamline at
ISO view. (f) side2 wall streamline at 1SO view. (g) sidel wall streamline at side
view. (h) side? wall streamline at side view. (i) total streamline at ISO view. (j)
total streamline at side view. (k) total streamline at top view. (I) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO
view. (n) vector contour at Z-X plan(-2.9m) at ISO view. (0) velocity contour at
top view. (p) velocity contour at I1SO view
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Velocity
4.0

Fig. 21 Result of straight type sump(base 1’—full AVD). (a) back wall streamline
at back view. (b) back wall streamline at I1SO view. (c) bottom wall streamline at
bottom view. (d) bottom wall streamline at 1SO view. (e) sidel wall streamline at
ISO view. (f) side2 wall streamline at I1SO view. (g) sidel wall streamline at side
view. (h) side2 wall streamline at side view. (i) total streamline at I1SO view. (j)
total streamline at side view. (k) total streamline at top view. (l) vector contour
at Z-X plan(-2.4m) at ISO view. (m) vector contour at Z-X plan(-2.6m) at ISO
view. (n) vector contour at Z-X plan(-2.9m) at ISO view.
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Fig. 22 Result of bend channel type sump(base 2’ —full AVD). (a) back wall
streamline at back view. (b) back wall streamline at ISO view. (c) bottom wall
streamline at bottom view. (d) bottom wall streamline at ISO view. (e) side1 wall
streamline at 1SO view. (f) side2 wall streamline at ISO view. (g) sidel wall
streamline at side view. (h) side2 wall streamline at side view. (i) total
streamline at ISO view. (j) total streamline at side view. (k) total streamline at
top view. (I) vector contour at Z-X plan(-2.4m) at ISO view. (m) vector contour
at Z-X plan(-2.6m) at ISO view. (n) vector contour at Z-X plan(-2.9m) at I1SO
view. (o) velocity contour at top view. (p) velocity contour at ISO view
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Fig. 23 Result of bend channel type sump(case 1’—full AVD). (a) back wall

streamline at back view. (b) back wall streamline at ISO view. (c) bottom wall
streamline at bottom view. (d) bottom wall streamline at ISO view. (e) side1 wall
streamline at 1SO view. (f) side2 wall streamline at ISO view. (g) sidel wall

streamline at side view. (h) side2 wall streamline at side view. (i) total
streamline at ISO view. (j) total streamline at side view. (k) total streamline at
top view. (I) vector contour at Z-X plan(-2.4m) at ISO view. (m) vector contour
at Z-X plan(-2.6m) at ISO view. (n) vector contour at Z-X plan(-2.9m) at I1SO
view. (o) velocity contour at top view. (p) velocity contour at ISO view
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Velocity Velocity
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Fig. 24 Result of bend channel type sump(case 2'—full AVD). (a) back wall

streamline at back view. (b) back wall streamline at ISO view. (c) bottom wall
streamline at bottom view. (d) bottom wall streamline at ISO view. (e) side1 wall
streamline at 1SO view. (f) side2 wall streamline at ISO view. (g) sidel wall

streamline at side view. (h) side2 wall streamline at side view. (i) total
streamline at ISO view. (j) total streamline at side view. (k) total streamline at
top view. (I) vector contour at Z-X plan(-2.4m) at ISO view. (m) vector contour
at Z-X plan(-2.6m) at ISO view. (n) vector contour at Z-X plan(-2.9m) at I1SO
view. (o) velocity contour at top view. (p) velocity contour at ISO view
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Fig. 25 Result of bend channel type sump(case 3’ —full AVD). (a) back wall
streamline at back view. (b) back wall streamline at ISO view. (c) bottom wall
streamline at bottom view. (d) bottom wall streamline at ISO view. (e) side1 wall
streamline at 1SO view. (f) side2 wall streamline at ISO view. (g) sidel wall
streamline at side view. (h) side2 wall streamline at side view. (i) total
streamline at ISO view. (j) total streamline at side view. (k) total streamline at
top view. (I) vector contour at Z-X plan(-2.4m) at ISO view. (m) vector contour
at Z-X plan(-2.6m) at ISO view. (n) vector contour at Z-X plan(-2.9m) at I1SO
view. (o) velocity contour at top view. (p) velocity contour at ISO view
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Fig. 26 Result of bend channel type sump(case 4’ —full AVD). (a) back wall

streamline at back view. (b) back wall streamline at ISO view. (c) bottom wall
streamline at bottom view. (d) bottom wall streamline at ISO view. (e) sidel wall
streamline at 1SO view. (f) side2 wall streamline at ISO view. (g) sidel wall
streamline at side view. (h) side2 wall streamline at side view. (i) total
streamline at ISO view. (j) total streamline at side view. (k) total streamline at
top view. (I) vector contour at Z-X plan(-2.4m) at ISO view. (m) vector contour
at Z-X plan(-2.6m) at ISO view. (n) vector contour at Z-X plan(-2.9m) at 1SO
view. (o) velocity contour at top view. (p) velocity contour at ISO view
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Fig. 27 Result of bend channel type sump(case 5 —full AVD). (a) back wall
streamline at back view. (b) back wall streamline at ISO view. (c) bottom wall
streamline at bottom view. (d) bottom wall streamline at ISO view. (e) sidel wall
streamline at 1SO view. (f) side2 wall streamline at ISO view. (g) sidel wall
streamline at side view. (h) side2 wall streamline at side view. (i) total
streamline at ISO view. (j) total streamline at side view. (k) total streamline at
top view. (I) vector contour at Z-X plan(-2.4m) at ISO view. (m) vector contour
at Z-X plan(-2.6m) at ISO view. (n) vector contour at Z-X plan(-2.9m) at 1SO
view. (o) velocity contour at top view. (p) velocity contour at ISO view
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Fig. 29 Velocity mean distribution at in—-tank section.(with out AVD case)
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L. Full AVD Case Z1} dH|l1

Fig. 30 Velocity mean distribution at pump section.(with full AVD case)
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Fig. 31 Velocity mean distribution at in—-tank section.(with full AVD case)
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