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Abstract

One of the basic needs in urban wastewater and drai nage systems is the connection of shallow

ducts to deep underground tunnels. This connection is usually made through a vortex drop
structure. In order to form a vortex flow, in addition to preventing the fluid from falling, a
significant part of its energy is lost due to the friction of the walls. In the present study, by
constructing a physical model, the residual energy head in the structure (ratio of specific energy
at the output (E,) to specific energy at the input of the structure, (E;)) has been studied. Using
dimensional analysis of dimensionless factors of Froude number (F), the ratio of total fall
height to shaft diameter (LD) and the ratio of sump depth to shaft diameter (Hs/D) were
determined as factors affecting the residual energy head in the structure. Using experimental
observations, the accuracy and capability of the full factorial method to describe the residual
flow energy in the structure were evaluated. The results showed that the residual energy head
for the Froude number corresponding to the design flow discharge at F=2.18 is closest to the
limit value of 1. On the other hand, for all L/D operating levels, the residual energy head values
are close to 1. Moreover, the smallest difference between the values of the residual energy head
and the limit value was 1 for H/D values between 1 and 2, indicating suitable range for the
practical purpose. In addition, a polynomia equation as a function of F,, LD and Hs/D was
expressed to accurately estimate the residual energy head in the vortex, drop structure using
regression analysis.

Keywords. Residual Energy Head, Vortex Drop Structure, Sewage Network, Full Factorial
Method, Regression Analysis.
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Fig. 1. Geometry of the vortex drop structure with
details of tangential inlet and dissipation chamber
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Table 1. Range of the studied parameters

Q/Quax . L/D  H/D T O
0.50 177 10,13,16 0,1,2 36
0.75 201 10,13,16 0,1,2 36
1.00 218 10,13,16 0,1,2 36
1.40 232 10,13,16 0,1,2 36

L HJD 5L/D Joolge 51 S5 o0 sl s 5ods | shitens
g;li.gldwﬁrﬂol,\_ﬁ.ajwuk;ﬁ@uw;éu
o3l dwan (ol calise Loyl 5 (6518 5 oSl sl s lagSS
31 ek 53, S 5 SLIL Y IS8 asle 555l s 0l 3
s VLN o L/D J.o\.ccjlz_..,L/D:SLgrj\_%Q,.é.i
et Ol oS glas b iy Sladad IS s ioen caiS
ools oLti ashs T a3 Y U i o L HYD ol ok
i 3l L 0l 2 (s o Sl s
5 6 Se3lasl o3t cobs L (MFC300) b liiay 2SI
s S
JoosSU s, Uy bl shited et A
5 (He/D 5L/D Fp) Jlol Jealse Sl s, S Ty s JoalS

Fig. 3. Height change in vertical shaft
@B i s Pl s Y Jss

Journal of Water and Wastewater
Vol. 33, No. 1, 2022

g o390 53 Lo el 1S e il ply s B S
22 rmdSeas 5258 e sl 5o Ol S e Sl G s
o0l s 0l Sl el J:-?;U(-*& e 4 bl
3339750 s Sl ola 516 as A e cnl s
03w o3 ol Sl o b UG «SHJD ,L/D bk
Ol Y adslae e 55 0558 sy eils s S S5,

550k 5 S son

E,/E, =¢(F,,%,%) ()
FEa LT Joe o 5 ¥
S ol st NSl St b S S5, 05l (S5 Jae
s ooy olis ¥ USCa 5o V) e e U S oSy s
sy i o gmmslon (63959 ¢ dats iy JUKS .
BLL glessle s Sy ol 53 ) 55, S Sz
JSi5 15 Jae slsl (oot (255 B8 5 (Sl sl 4
S D= K(%z)é Uslan 3 o3, s s (¥ S3) azes e
TN PYSCHN Py PPUNINE | PR o JPRUESV] RN [ I
339 53 K lacde o wlen (635,55 51 -(JaiN, 1984) 555 o
.(Hager, 1990, Jain, 1984) =/ \/YO b )

o>l K= 122 8,8 b s Ly iy ol 0o
4la D = 0.16 M lis Qay = 194 1/5 (o1 b oSl
)V Usamr il Sl Lo lo3T ool o 53 ke ol ot

M:@QL& ‘)a.,\.f;w)j 6\&:4,5.4\)L3‘ 03 9dx0

Fig. 2. Experimental model of vortex drop structure
Lﬁbﬁg;i}u 5l L;k&.:u\.ﬂ)\ JM—YJS\J-

UMUJUT@
AR NS ™A Y " 4 FPPT


http://www.SId.ir

oxldioi.6rol20. 22093/ .2021.290169.3153

.JL,‘;J}W daseo

=550 33k 53 sl 630w LTy Jnlize 130
el 5 JalS 1S5 e 5s B ol 5o i sl (s S
o dmelse b e Sen sloacnS 5 ol AN}
T 53 Jole S P ELE DU PPN R
Shoaal Consty ol ol pls 358 035 e Sos Jol g il
ETTICA JUREIVORE ISP S RPN
St oo o, 58U o Blize O 31552y 050 5
.(Montgomery, 2017) s 55 sod 5Lzl
¥ JalsL/D Jole o ¥ Lol Fy ale o a3, ol 5o
b LS T s e ¥ el HYD ks 5 b
A s Lo asles (bl (4 X3 x3)YF Lls |, 550
NS Jilas 8) - Sen LS 5 o las (6l LS Y 8 5
S Ll S5 5 sl 5l et Dl o samme dlne | shatagy
s sl Crb (S S84 bl 2ds (2l5d) sk,
el ol i e s VFE IS i L S o5
sacal ¥ g 53 sailagdly (3,50 o sad (685100 ke o] o

el

Fig. 4. Height change in the sump depth
Salz Goe s plis ) s - S

ilosdly (53,31 A st (5531 Slaia sl emay Jolse a3l e (s JulS s sy talesT Y doix

Table 2. DoE of full-factorial method for actual valuesin addition to the measured values of

the residual energy head

L/D
E 10 13 16
H,/D H,/D H,/D
0 1 2 0 1 2 0 1 2
0.875 0.869 1.132 1.295 1172 1.220 1.853 1.133 1172
177 0.869 0.869 1.122 1.356 1.201 1.209 1.868 1.138 1.229
0.869 0.870 1.109 1.315 1172 1.209 1.784 1.138 1.209
0.877 0.877 1.123 1.344 1.160 1.209 1.784 1.133 1.154
1341 1.155 1.181 1.068 1.208 1.079 1.446 1.094 1.144
201 1.364 1.187 1.181 1.062 1.220 1.074 1.447 1.123 1.140
1.399 1.155 1.186 1.051 1.175 1.076 1.408 1.136 1.140
1.374 1.181 1.180 1.064 1.144 1.144 1.447 1.094 1.170
1.252 1.035 1.075 0.891 0.991 1.000 1.210 0.991 1.000
518 1.221 1.035 1.055 0.883 1.000 1.000 1.277 0.962 1.000
1.247 1.044 1.054 0.952 0.991 1.009 1.221 0.991 0.991
1.231 1.045 1.066 0.926 1.000 1.073 1.237 0.982 0.982
0.982 0.860 0.883 0.802 0.866 0.879 1.087 0.871 0.876
232 0.982 0.855 0.889 0.817 0.864 0.866 1.052 0.873 0.871
0.974 0.853 0.914 0.805 0.884 0.832 1.079 0.887 0.869
0.960 0.855 0.908 0.808 0.873 0.830 1.042 0.887 0.885
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Table 3. Results of ANOVA for recommended 2™ order model (basic general model)

Source o) wlares  fremiom  suare Fvdue  pvalue
Model - 4.08 9 0.4531 35.00 <0.0001*

I ntercept -7.13671 - 1 - - -

X, : F; 7.78107 181 1 181 139.61 <0.0001
X, : L/D 0.11730 0.3429 1 0.3429 26.49 <0.0001
X5 : Hg/D -0.10937 0.3825 1 0.3825 29.54 <0.0001

XX, -0.12385 0.5573 1 0.5573 43.05 <0.0001
X, X3 0.08568 0.0296 1 0.0296 2.29 0.1327"¢
X, X3 -0.02423 0.3381 1 0.3381 26.12 <0.0001
X, 2 -1.66363 0.4451 1 0.4451 34.38 <0.0001
Xz2 0.00693 0.1246 1 0.1246 9.63 0.0023
X32 0.09277 0.2754 1 0.2754 21.27 <0.0001
Residual - 1.73 134 0.0129 - -
(2l ) @l 2l o 5s s Juo uilsls Jolos s =F Jyu
Table 4. Results of ANOVA for reduced 2™ order model (final model)
Source Cgefﬂuent Sum of Degree of M ean Fvalue sl
estimate (a;) squares freedom square
Model - 4.05 8 0.5060 38.72 <0.0001*

Intercept -7.31406 - 1 - - -

X, : F, 7.86674 181 1 181 138.29 <0.0001
X, : L/D 0.11730 0.3429 1 0.3429 26.24 <0.0001
X3 : Hg/D 0.06798 0.3625 1 0.3625 27.73 <0.0001

XX, -0.12385 0.5573 1 0.5573 42.64 <0.0001
XX -0.02423 0.3381 1 0.3381 25.87 <0.0001
Xl2 -1.66363 0.4451 1 0.4451 34.05 <0.0001
X,? 0.00693 0.1246 1 0.1246 9.53 0.0024
X32 0.09277 0.2754 1 0.2754 21.07 <0.0001

Residual - 1.76 135 0.0131 - -

(O) eolginy Jua 6JLAT sl asli-0 Jyia

E,/E, =-7.31406+7.86674(F ) + 0.1173(L / D) +
0.06798(H / D) —0.12385(F )(L / D) — 0.02423(L / D)
(Hs/D)-1.66363(F )* +0.00693(L / D)? +
0.09277(H/ D)?
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Table5. Statigtical indicators of the proposed model

Statistical indicator Value
R? 0.701

R? Adj 0.684

R%p ed 0.657

CV (%) 10.54

AP 27.074
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Fig. 9. Diagnostics plots of the model: a) normal probability plot, b) residuals plot
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Fig. 10. Effects of main factors on the E,/E;: a) influence of F,, b) influence of L/D, c) influence of H/D
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Fig. 11. Interaction effects of main factors on the E,/E;: @) interaction effect of F, and L/D,
b) interaction effect of L/D and Hy/D
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Fig. 12. Response surface plots: @) Effect of F, and L/D on the E,/E;: b) Effect of L/D and H/D on the Ex/E;
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