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ABSTRACT

There are three kinds of design method of the fire sprinkler systems. Grid type is connected all branch as a trapezoid.
Loop type is connected cross-mains like circle. The last one is a tree type most commonly used. Grid type needs com-
puter program to calculate the friction loss and flow rate apart from very simple form. In loop type, manual calculation is
possible. Design engineer can draw up and calculate the demands without computer program. Because water supplies two
direction in loop type, friction loss is smaller than tree type. Water distribution in operation area is uniform because of the
small differences of sprinklers discharge pressure. Loop type is superior to tree type in respect of total pressure and flow
rate. Using the small diameter pipe, the labor and construction cost will be decreased in the end. Loop type sprinkler
design is rarely laid out because design engineers don’t know the method. This paper is intended to inform that the loop
type is better than the tree type in performance and economic point of view. And also this paper intend to use the loop
type easily and widely.
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Figure 1. Design of loop type sprinkler system.

Table 1. Fittings and Valves Expressed in Equivalent meters of Pipe (Unit: Pipe [mm] Length [m])
Pipe size 25 32 40 50 65 80 100 125 150 200
Inside Dia. 27.5 36.2 42.1 532 69 81 105.3 130.1 155.5 204.6
45 Elbow 0.356 | 0.355 | 0.6985 | 0.651 1.46 1.1044 | 1.4062 | 1.6372 | 2.2311 | 2.7159
90 Standard Elbow 0.712 1.066 | 1.3969 | 1.629 2.92 2.5769 | 3.5154 | 3.9293 | 4.4622 | 5.4319
90long-turn Elbow 0.712 0.71 0.6985 | 0.977 1.947 | 1.8407 | 2.1092 | 2.6195 | 2.8685 | 3.923
TeeorCross (flow turned 90) | 1.779 2.131 | 2.7938 | 3.257 5.84 5.522 | 7.0308 | 8.186 | 9.5618 | 10.562
Butterfly Valve 0 0 0 1.954 | 3.406 | 3.6813 | 4.2185 | 2.947 | 3.1873 | 3.6213
Gate Valve 0 0 0 0.326 0.487 | 0.3681 | 0.7031 | 0.6549 | 0.9562 | 1.2071
Swing Check 1.779 | 2.487 | 3.1431 | 3.583 6.813 | 5.8902 | 7.7339 | 8.8409 | 10.199 | 13.58

S5k A) 4nbels] =8| A299 A|135, 20153



AFE71e] = 712571 20]
(e 15 (aﬂ%uﬂ%ca)m |
AETETeT: EAERe: &
2.2 MA| w
22.1 AAEZE e et A ARE FEAIARS AA

Eig=

Table 20l AA| Ak 5 YERAAS. LoopB 22
ARE Al of® 71R] o] g Qe
DE BRE /RS O 7 #e =z 7hste] Allbsich
oexe 7] Fep7t 25 FUsRR 7Ex|Hmith
U3 §7F 578.86 L/min} 9t 2.35bar’t s Ao

Be o 84

=2

cgze) gule) Selat el the A

75
80 mm(81 mm)
- ,
573.96 w‘i,SSbaUH 15m 36m
B T?g 36
578.86 ¢—|
JBm Tesmz
578.86 €—
Jam Tizze.ss 27 mleo
578.86 @— 7/m|s0 mm
o TLSIS.M
578.86 —]
135m o -
80 mm 4 230430 500 80 mm
18m ) 18m
Qoflpm]  2894.30 |100 mm

Figure 2. Primary flow assumption of each pipe.
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Table 2. Hydraulic Calculation of Loop System as Tree System
Pipe | Inside Pipe Fittings Total Flow at Flow Friction .
Section Silz)e Dia. Lenl?gth Valvégs Length FaStor Sprinkler | in Pipe Loss Pr[is:gre Vc[:rl;)/zl]ty
[mm] | [mm] [m] [m] [m] [lpm] [lpm] [bar]
A 80.00 1.00
A-B 25 27.5 3 3 120 80.00 0.08 2.24
B 83.29 1.08
B-C 25 27.5 3 3 120 163.29 0.31 458
C 94.58 1.40
C-D 32 36.2 3 3 120 257.87 0.19 4.17
D 100.86 1.59
D-E 40 42.1 3 3 120 358.73 0.17 429
E 106.09 1.76
E-F 40 42.1 3 3 120 464.82 0.27 5.56
F 114.04 2.03
F-G 50 53.2 1.5 T 3.26 4.76 120 578.86 0.21 434
G-H 65 69 0.3 T 5.84 6.14 120 578.86 0.08 2.58
H 578.86 2.35 consider h
H-1 80 81 3 3 120 578.86 0.02 1.87
I 578.86 2.36
I-J 80 81 3 3 120 1157.71 0.06 3.74
J 578.86 242
J-K 80 81 3 3 120 1736.57 0.13 5.61
K 578.86 2.55
K-L 80 81 3 3 120 2315.42 0.22 7.48
L 578.86 2.77
L-M 80 81 3 3 120 2894.28 0.33 9.36
M-N 80 81 9 9 120 2894.28 1.00 9.36
N-O 80 81 19.5 L 2.58 22.08 120 2894.28 2.45 9.36
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Table 3. Search for Equilibrium Flow of Each Pipe through Hardy-Cross Method

Time Section Flow Equivalent Friction Friction Loss/ Additional Flow + Additional
[lpm] Length [m] Loss [bar] Flow Flow [lpm] Flow [lpm]
O-L 2394.30 39.6 3.091175 0.00129106 1706.42
L-K 1815.44 3 0.140341 7.7304E-05 1127.56
K-J 1236.58 3 0.068973 5.5777E-05 548.70
Ist J-1 657.72 3 0.021451 3.2614E-05 ~OB7.88 -30.16
I-H 78.86 3 0.000424 5.3752E-06 —609.02
O-H -500 95.76 -0.41231 0.00082463 —1187.88
2.910051 0.00228675
O-L 1706.42 39.6 1.651978 0.00096809 1771.48
L-K 1127.56 3 0.058147 5.1569E-05 1192.62
K-J 548.70 3 0.015341 2.7958E-05 613.76
65.053313
2nd J-1 -30.16 3 —7.2E-05 2.3749E-06 34.90
I-H —609.02 3 —-0.01861 3.055E-05 —543.96
O-H —1187.88 95.76 —2.04391 0.00172064 -1122.82
-0.33712 0.00280119
O-L 1771.48 39.6 1.770371
L-K 1192.62 3 0.064505
K-J 613.76 3 0.018874
3rd J-1 34.90 3 9.38E-05
I-H —543.96 3 —-0.0151
O-H —-1122.82 95.76 —1.84165
—-0.0029
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Figure 3. Result of equilibrium flow of each pipe through
the Hardy-Cross method.
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Table 4. Flow Adjusting through Pressure Change
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Counter Flow Equivalent Friction Pressure Places Adjusted Additional
clockwise [lpm] Length [m] Loss [bar] [bar] Flow [lpm] Flow [lpm]
I-H 543.96223 3 0.0150963 2.365096 H 580.72 7.20
H-O 1122.8222 95.76 1.8416518 4.20675
Clockwise I 578.86
I-J 34.90 9.381E-05 2.350094 J 578.87 5.35
J-K 613.76 3 0.018874 2.368968 K 581.19 7.67
K-L 1192.62 0.0645055 2.433473 L 589.05 15.53
L-O 1771.48 39.6 1.7703709 4.20384 Total Flo Total Add. Flow
2908.69 35.75
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Figure 4. Final equilibrium flow of each pipe.
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Table 5. Final Verification Whether Acceptable Error Range or Not

Section Flow Equivalent Friction Friction Loss/ Additional Flow + Additional
[Ipm] Length [m] Loss [bar] Flow Flow Flow
O-L 1778.67 39.6 1.783694
L-K 1189.62 3 0.064206
K-J 608.43 3 0.018572
J-1 29.56 3 6.9E-05
I-H —549.30 3 —0.01537
O-H —-1130.02 95.76 —-1.86355
—0.01238
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Table 6. Hydraulic Calculation as Tree Type Sprinkler System

. P%pe lnsﬁde Pipe F itti'ngs Equiv. F lo.w at | F lo'w in | Friction Pressure | Velocity
Section | Size Dia. | Length | Devices | Length | Sprinkler Pipe Loss [bar] [m/s] Remark
[mm] | [mm] | [m] [m] [m] [lpm] [lpm] [bar]

A 80.00 1.00
A-B 25 27.5 3 3 80.00 0.08 2.245

B 83.29 1.08
B-C 25 27.5 3 3 163.29 0.31 4.582

C 94.58 1.40
C-D 32 36.2 3 3 257.87 0.19 4.176

D 100.86 1.59
D-E 40 42.1 3 3 358.73 0.17 4.295

E 106.09 1.76
E-F 50 53.2 3 3 464.82 0.09 3.485

F 108.70 1.85
F-G 50 53.2 1.5 T 3.26 4.76 573.52 0.20 43 K Value
G-H 65 69 0.3 T 5.84 6.14 573.52 0.07 2.556 | of Branch

H 573.52 2.16 390.6682
H-1 80 81 3 3 573.52 0.02 1.855

| 575.73 2.17

I-J 80 81 3 3 1149.24 0.06 3.717

J 583.66 2.23
J-K 80 81 3 3 1732.90 0.13 5.605

K 600.26 2.36
K-L 80 81 3 3 2333.15 0.22 7.546

L 627.99 2.58
L-M 80 81 3 3 2961.15 0.35 9.577 Pressure
M-N 80 81 9 9 2961.15 1.04 9.577 at O
N-O 80 81 19.5 L 3.52 23.02 2961.15 2.66 9.577 6.63
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Figure 5. Hydraulic calculation of loop type system by PIPENET program.
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