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Abstract
Urban sewer systems are designed to operate in open-channel flow regime and energy loss at square manholes is usually

not significant. However, the energy loss at surcharged manholes is considered as one of the major causes of inundation in
urban area. Therefore, it is necessary to analyze the head loss associated with manholes, especially in surcharged flow.
Hydraulic experimental apparatus which can change the manhole inner profile(CASE 1, I, I, and IV) and the invert
types(CASE A, B, C) were installed for this study. The experimental discharge was 16(/sec. As the ratio of b/D(manhole
width/inflow pipe diameter) increases, head loss coefficient increases due to strong horizontal swirl motion. The head loss
coefficients for CASE 1, I, II, and IV were 0.46, 0.38, 0.28 and 0.37, respectively. Side covers increase considerably drainage
capacity at surcharged square manhole when the ratio of d/D(side cover diameter/inflow pipe diameter) was 1.0. The head loss
coefficients for CASE A, B, and C were 0.45, 0.37, and 0.30, respectively. Accordingly, U-invert is the most effective for energy

loss reduction at surcharged square manhole. This head loss coefficients could be available to evaluate the urban sewer

system with surcharged flow.
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o] B2 o= Qslo] 4y E= Ay 5o Mg A o AEE At oA 9] oA EAUATE A4S
2BHIL Qluh, YHkK o g o2~ A A AHIA E FA7) 9om, Archer et al. (1978)2 U3 49 2 AH=0
A2 AL, A FUA-NA HF WEo] AX|EA] gh= Azt W Ay dWiZof thsto] AEHAE 0.002~0.012
AU AdEE TAY 7 EE A 5 o s HIA7|HA AFE AAISEe] o)A o] EAATE AA
TA R ol5te] F ME o] A7} oS Ao AzE 51T}, Howarth and Saul(1984)2 2] Aol Hx]E
WE-g M|k Q) 3 WE R EAS Auljshs IS 5t vEo] W
S5 BA AlLHoA 9] 352 FHo oM TEHR Z3} 3R 2159 H|(WE &/ X8R 7Hgste] W
N2 5T o] A, 2ev 59 f=Fel IAY 59 £& st A4 WEO| WS HIA 7| A
T AEHE 2ASAY o1 559 Alg wj ol WA sk & AAfsto] £AARE AASHAT, Marsalek(1984)-2
A7 dFS wevd, ¢4 #AA ALEE S AP R 03@51 AR 9 AE WMEe] 712 ef vt
(surcharge) AJE19] tglEFo] Hct, 72 Aejolx] W A3 JIHE 9 UY A EE HX3 Fejjol disto] AES
SO Y] = LA iAo 8 BAIE| AT, THES) thE AAate] ALZby e} 9y W&o 4] EAARE AA
oM Q] ST Al Zasin 02 T ]/\EH.J A7 & 3gith. Johnston(1990)& AHHE WE90] 712 eot <ln
Aol Fast RS XA|sHA Edt, BEsHE 4= WA A E HX geff Wizt wE EAASE APt AR W
2ol A R} ol YR U UE &5 oA T ) A A7 BREO 2 QIHE MX]o| tfate] A|A5HA
HE= ASAE L Jho) npzkiAlS 2ulsls 02 HhAY T} Takashi , Shuji, and Toshihiro(1997)= 4| 7§2] ZA}
AlZIt}, A A Q] miEox] fedlo] T A|H A 745 MBS e oq M3 La] AL AA|Ele] 9d
o] uljg=5Eo] AatE|o] gl ] H=m]al|7F WA L, Skl mE £AA+E AT AT, Pani and
o] 25 A ME FA0] fAEo] JIPAILE FEE Mudgal(2004)2 24 AZATE A Aty WEe
T ok H2 H1A AFTSol &gt =AY 9| X4=u]s) £AAGE 2431 Free jet model 2838 AAkgEa} v
74 HIHS] BB Qe AAE IS off, AAA W A 23}t Table 12 Wﬁfé ?H%—O»l £AA4= Aol gt
Zo 9] =27 o7 £Alo]| thgh A-te} Bt A A 29]0] ATEERS UEhd Ao 2A AlZHY WEe] £AA
AA 7128] AA7E QR Q= Aot} B3] 7|E 9 o= Aol ek E2 A Art ZPE L QAR S
FHA AxE o] ISPt EAL ske=bA 7L e of| A ofe]l Tk AF A A= mF3t Aot
7t 2 Aol Mo &AAeTE BA SEe| Fasgh 2 AFede = TAY A E AlFe] dutEes
A7} Het, whebA 7] ahtA 9 HH# THS B AREEE AT Wl o] £AAIS AP W SEEALS B4
7490l MEo] EAA T Al @ ao|tHRAIY 5, 517 flate] BEAxRA 2 ARRAE AASIG o, 2AME
2008). s vigo g2 Ay A2 E At Ao AHeH
T oJollA AFZHE dEol| A 9] £AAS Aol Tk A+ A a2 AFAL i 3 fFx 55 aLEste] st
= 19509 #E 3] 23 Elo] $foh Sangster et FEAA7ZEAER, 2005) & 13 WES 1/28 48}
al.(1958) W& o - EFolA 259 AT 57 o A&tk =3, Az WE R FRHESHCASET,
HEa) 07 FHEAARE APYehe A1 AljbehL AES I, I, V)ok AR WE9] JIME FAYRSHCASE A, B,
8l ASsta, &'iiiﬂ] AR AZEY 9 Ay g0l A C& Adzzdoz AAsiqlrt. AXE Adzo| thste
WE A5 sk ] Bl((MEAE/8HE)E HEkA]7) FE AT HABE ALY WMEoA ] 58 EA4S B4

Table 1. Experiment Researches of Head Loss Coefficient

Experiment Condition

Researcher Manhole Size Pipe Diameter Manhole Width Ratio Head Loss Coefficient
(bXb, mm) (Din=Dout mm) (b/D)
Sangster et al(1958) - 76, 95, 121, 145 - 0.0{(K<(0.3
Archer et al(1978) = 102 — 0.07 (K<(0.19
Howarth and Saul(1984) (145, 230, 350 88 1.67, 2.61, 3.98 0.0(K<(0.5
Marsalek(1984) 154, 241, 344 152 1.00, 1.68, 2.26 | K=0.120, 0.179, 0.323
Johnston(1990) 350 88 3.98 K=0.238
Tafj;:'r;iri:ugé?)nd 120 x 260 200 0.6 0.02 (K(0.12
Pani and Mudgal(2004) - - 2.6,5.2 0.17, 0.45
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Fig. 1. Head Loss at Manhole.

Fig. 3. View of Experimental Apparatus
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Table 2. Experimental conditions of batch reactor operation

Manhole Size Pipe Diameter Upstream/Downstream Discharge Connection Flow
(mm>mm) (mm) Length (cm) (0 /sec) Type
450X450 150 650 / 250 16 Pipe Top Connection Steady
SEe AFEHE FAs] $std AR 2 120em, 4 Effjol | = ARFE WS Ui -2 WHEk](d/D)7F 242 0.67,
°] 150cm, #°] 120cm)E AAsF. F9 % = T2 1.0, 1.330]t},
AN T TS ASIL00], AT 16 O/secolct
(Table 2). 3.4, QUHE st =

AulA o0 2 M50 AHL 0] AT G5 E S|

3.3. HE L Fx#st xU Slal BAY oIl gHe] Al ujet QM= M5t

AR o] Wi Tavste] B SEEA wet W Wl =S SIeH@A, 2005). et A4 AR WAl e
Bol M9 o] LA BA3Y] SIste] AG WME U o] Fa4ol] thE Qlalo] i AF] MARE 59 olfE
o] 2 s} 1S Table 33} 20| 4143150} Table 3] x| &o] ul$- vhe Aolu] qluj=e] 43 Eajo] thai
A CASE L A2t Wi Ul 0] WSl AL gk i elstlel Aadducii Bz adgel 44 A
ol CASET, W, V& ¥4 10cm, 15cm, 20em®]  Bawo] Qe v 94 W) AwEo] Hx) Bao| ¢l

PVC 50|28 /42 e $43 715(Side Cove/& A2 = 2025 Ql)s|m Qleh@ U4} $57 | 2002).

o E o] mAe) Aol AXIste] ARk W U AT ALY WE o] QHE o] mE 5
25 WehA7]l Friwolr), oloh ol AWe] AFDIT  BEAT ol LA WBE 25| glstel clHEY
Ak BE BARo] AAE AT 715 ABAOR U B4 W 242 ARSI, AEL] YA Sy A4

Table 3. Conditions of Variation of Square Manhole Inner Profile

CASE | CASE I CASE Il CASE IV
.i'rul!-: l"a.\_ ._F,Il:-l'. ".\_‘_ Jll-'ll-'I\-‘-
= patg fii A=l a7 & ATl 1 ] =133

My Y

Table 4. Conditions of Invert Type
CASE A CASE B CASE C
(No Invert) (Half Circular=Invert) (U type—Invert)
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Fig. 4. Flow Change with Variation of Manhole Profile.
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Fig. 5. Pressure Head with Variation of Manhole Inner Profile.
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