Physical Modeling to Determine Head Loss at Selected Surcharged Sewer
Manholes

K. H. Wang, T. G. Cleveland, C. Towsley
University of Houston
Department of Civil and Environmental Engineering
Houston, TX 77204-4791

City of Houston Project # 34125
University of Houston Project #1558927

Technical Memorandum for Reporting the Manhole Head Loss of 4-inch
Model Scale Pipes




Technical Memorandum
Project title:  Physical Modeling to Determine Head Loss at Selected Surcharged Sewer
Manholes
Date: February 23, 1995

prepared by: K.-H. Wang and T. G. Cleveland
Department of Civil Engineering
University of Houston

This memorandum summarizes the results of energy loss measured in a physical
model with 4-inch model scale pipes and a 8-inch manhole base. The head loss coefficients
for flow configurations of straight, T junction, cross and 90-degree bend are reported. The
manhole head loss is also reported as the equivalent energy loss due to friction using the
concept of equivalent pipe length. This information is useful for the numerical pipeline
modeling.

A procedure to determine the head-loss coefficient was given in the previous report.
A figure showing the energy grade lines either along the inlet lines or the outlet line is again
presented here for reference (Fig. 1). The energy loss associated with the flow in and out
of the manhole is described by the energy equation. The energy equation along the in-line

main pipe is expressed as

where hrrl and h o are the piezometric heads for the inlet main line and the outlet line,
respectively. V_ is the average velocity in the inlet main pipe and V  denotes the average

outflow velocity. K is defined as the head loss coefficient due to flow in the in-line main

pipe. Similarly, following the lateral inflow from the side pipes to the outlet pipe, the

energy equation becomes
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where h, is the piezometric heads for the lateral pipe. V, is the average velocity in the
lateral pipe. K, is the associated head loss coefficient related to the lateral inflow. If an
additional side flow is considered, the head loss coefficient of K,, is introduced.

The head loss coefficients are determined from the measured data. The values of
K- K,.and K for different flow configurations under various flow rates are shown in
Table 1 and Table 2. The results presented have been scaled up to the prototype situation
with 1: 6 scaling factor. Therefore, the results are for the 24-inch pipe. In order to put

these data into practical use for numerical modeling, the equivalent pipe length for the

inflow pipes under different flow condition is introduced and included in Table 1 and Table
2.

The manhole head loss can be transferred to the equivalent friction loss due to the
existence of additional pipe length. This additional pipe length is defined as the equivalent
pipe length. The equivalent pipe length will be added or subtracted from the actual
designed pipe length to reflect the effect of the manhole head loss in the numerical pipeline
modeling. However, the actual pipe length remains unchanged. A schematic diagram of
showing the actual pipeline and manhole system is given in Fig. 2(a). The setup of pipeline
system by including the equivalent pipe length for numerical modeling is shown in Fig.
2(b) for comparison. L and L, ( or L) represent the equivalent pipe length for the inlet
main line and lateral, respectively. To transfer the manhole head loss to an equivalent pipe

length, we use the Darcy-Weisbach equation
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where, hL is the general term for energy loss due to friction, f is the friction coefficient, L

1s a typical pipe length and D is the pipe diameter. After combining equation (3) with the




Chezy's formula and the Manning's equation, the friction coefficient is related to the

Manning's roughness coefficient, n, as ( British system)
_gn?
f=5.75 4)
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The equivalent pipe length for the manhole head loss along the main line can be determined

by using
2 2
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Accordingly, the equivalent pipe length for the side inflow pipe is determined by
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The equivalent pipe lengths L L, -and Ly, for different pipe combinations and flow rates

are presented at last three columns in Table 1 ( for n =0.015) and Table 2 (for n=0.013).
After analyzing all the measurements for the 4-inch lines at the main, both laterals,

and the outlet, we obtain two empirical formula to determine the head loss coefficient for

the main line, Km , and lateral, Ka (or Kb ). These equations are

Ky =1.1(q, - )% qp - 0.4 (g, + 1.75) @y -1 (8)

K, = 09+052(q,-q,+0.1)2-q (129 + 0.7q,-0.7q, +0.6)  (9)

As described in previous section, K and K, are the head loss coefficients referenced to
v 2
outlet velocity head ( i ) for the main line " m" and lateral " a", respectively. Ay A




and qy, are the flow fractions in the main line and laterals "a" and "b" respectively. That is

Q= 6‘% , etc. For Ky, use the K, formula with g, and gy, interchanged.

The error distribution of the data analysis is presented in Fig. 3 to demonstrate the
reliability of the data presented. From Fig. 3, it is noted most of the data obtained are
located within fit error of 0.05 and -0.05.

Work continues as described in the proposal. The head loss measurements for the
3-inch pipelines are in progress and will be completed in March. We will submit a report to

summarize the head loss coefficients for the 3-inch pipelines as well.
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Fig. 1. Typical energy grade line plots.
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Fig. 2(a). Schematic diagram of an actual pipeline and manhole system.
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Fig. 2(b). Transferred pipeline system by including the equivalent pipe length for
numerical modeling
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Fig. 3. Distribution of fit errors.



Table 1. Manhole head loss coefficients and equivalent pipe length for different pipe
l configurations at various flow rates ( n= 0.015).
. Measured Data, scaled up to 24 inch pipe with n = 0.015
I Flow Velocities K Values Equivalent Pipe Length
(ft/s) (ft)
Vm Va Vb Km Ka Kb Lm La Lb
Main Line with Two Perpendicular Laterals
l 9.5 350 2.4 0,360 0.060 0.037 < 90.7 87.4
6.1 5.0 Sk R0 §s5Y  0:479- 05455 198.3 28507 440.4
6.0 5.9 S 20 0SS TR SO 462 20414 © 1939  183.8 568.0
' <! 4.2 2.5 0 3B DUE20. 0. 517 220.4° 3741 325.5
4.0 4.6 Sma URSBTLE SLER9 0610 14223  308.3 255.6
Sl IR 4.68- 006350660 VOF635" [ 527.0 2852.2 35%2.8
Sl 4.0 6.1  0.643 0.631 0.691 533.6 453.9 206.4
l 303 30 15 0,627 0.5615 0.753 658.6 76B.8 156.2
2w 9.4 2.6 0.691 0.851 10.900 1290.3 125.7 1307.1
2.6 7 PR 4.3 0,619 0,768 0.642 1155.8 165.4 461.8
I 2.6 549 o9 WG 6448 L0, Tl S0 ST04 s 20D 5 257 0 263 4
Xl 8.9 Se2- 0,726 0884 0. 829"6863,0 159.0 433.9
Main Line with One Perpendicular Lateral
I 10.7 2.5 0.213 -0.275 19.6 -460.9
10.4 2.5 0.194 -0.196 20.9 -189.7
9.9 2y 0.168 -0.315 1505 =527.9
9.5 3.9 pT326  0.012 391 8.6
l 8.7 47 05385 0,204 566 100.8
s 8 6.6 0.664 0.611 148.6 160.4
7.0 i 0.554 0.433 L0325 141.7
l . N 6.6 0.682  0.765 213.1 I47.6
4.3 B 0.637 0.809 333.4 112.4
4.1 o 0.672 0.853 423.1 108.4
I 3.9 8.6 0.701 0.931 441.3 .118.3
350 8.2 0.853 - 1.048 70709 1190
20 10.4 057794 - "1 3150 1876 .4 98.6
| E =15 D828 1.273 2867 .7 102.2
I Main Line Only
p25d 0.097 L
2 ST 0.D27 1:6
I 7.3 0.031 1.9
Two Laterals, No Main Line
10.3 g BT o 1.145 +1.318 85.5 7973.9
9= 3.6 ] e 10 A L - 13805 0915 .2
l 954 53 1.026 1.105 156.4 488.3
53 i) 0.804 0.789 187.6 198.8
90 degree Bend
I 14.3 1.286 T8
1057 1,285 ¥ i
8.8 1°367 -
I 8.8 1.238 74.9
6.5 10295 AL e
5.4 e e b 78.2
4.5 1.388 84.0
I 3.0 1.455 88.0
l 8




' Table 2. Manhole head loss coefficients and equivalent pipe length for different pipe
. configurations at various flow rates ( n= 0.013).
Measured Data, scaled up to 24 inch pipe with n = 0.013
I Flow Velocities K Values Equivalent Pipe Length
(ft/s) (ft)
Vm Va Vb Km Ka Kb Lm La Lb
I Main Line with Two Perpendicular Laterals
2 U 250 2.4 0.360 0.060 003 70 .8 1209 116.5
61 5.0 3.7  0.551 Q.49 0:455 264 .2 334.0 "586.8
I 6.0 5.9 3.2 0511 0.462 0.414 257 .4 244 .8 756.7
5.8 4.2 b 0.583° G520 OUe1LTS 293.7  498.4 433.6
4.0 4.6 52 ULA87 L B HSWEs0 61062 .6 4310.7" 340.5
i Beh 4.6 Beed3h 0 66T NRne ISR S T02.1 2 336.0° 470.0
I 357 4.0 6k B .643 BB Te0IESI T E0 9 604,77 275.0
353 350 T o ity QUPEENH B B0 B3 L RIPTTo 4 1028 .2 208:1
2.6 9.4 255 0.691 Fa8hl W00 17180 167.5 1741.4
I 2.5 T8 4. 30001 O .68 0642 1539 9 220.4 615.3
200 59 5.9 0,644 0. T4 D.70430L602.0 . 342.3 '337.6
S 8.9 Disim « Wehab s ggd  SOREEe e 4o 2138 '578.0
I Main Line with One Perpendicular Lateral
10,7 e 0.213 -0.275 26.2 -614.0
10.4 RS 0.194 -0.196 28 =252.8
9.9 2 0068 -0.315 el=G: =0, 3
I s S 3.9 0:=326 0,082 832.1 31.5
8.7 4.7 0.395 0.204 a4l 134 3
Tl 6.6 0.664 0.611 A9 FS 2R LT
l P 7.0 5.3 0.554 0.433 137.4 188.7
5.2 6.6 0682 QL7865 283.9 . 196.6
4.3 &3 0.637 0.809 444 .1 149.7
4.1 9.1 0.672 0:853 563.6 144.4
l 3.8 8.6 0301 (G.930 587,99 457.6
350 8.2 0.853 1.048 Bas.l1. 158.5
2.0 10.4 0794 « 1..150 2499.9 131.4
I i Lty 11.5 0.829 s [P 5 1953.7 136.2
Main Line Only
12 .3 0.097 .8
l 9.7 0.027 2.2
o iy 00310 oL
Two Laterals, No Main Line
0.3 i 15 o 1185 Ul .918 113.9 *ebkkks
I 9.3 3.6 .12 1.186 1752 12319.3
5.0 53 1,026 A.3105 208.4 650.6
7 ez | W 0.804 0,789 249.1 264.5%
I 90 degree Bend
14.3 1.286 10357
107 T &85 103.6
I 8.8 1.367 310.2
8.8 1.238 99.8
6L 5 1.295 104 .4
5.4 1.292 T2
I 4.5 1.388 11L.8
. 30 1.455 17,3
I 9




