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Introduction 
For my third-year independent project, I propose that I will investigate and explore “The Effects of Surface Quality of Internal Pipework in Friction Loss Reduction in an Automatic Sprinkler System”. I have proposed this investigation as it is both relevant to my degree and my career. As I work in the fire suppression sector and more specifically in the design of fire suppression systems pursuing an independent topic that is both relevant to my course and career is crucial for me to gain valuable experiences and allow myself to apply what I have learned over the duration of the course into my every day working environment. More specifically I can apply the theorems and equations from modules such as stress analysis and dynamics, Advanced process and materials and Structural and Fluid analysis for example. In an automatic wet fire suppression system when a sprinkler head temperature sensitive bulb is triggered and the pressure drops in the system the flow velocity in the system will cause the flow switch to become engaged on the control valve set, this will relay a signal to the pump which will cut in and engage the full system. The purpose of my investigation will be to analyse if I reduce the friction loss in the system, will this allow the system to run more efficiently and save costs. This investigation will also apply to dry systems, dry systems differ to wet systems as dry systems are not constantly primed with water. In a dry system when the sprinkler is triggered the pneumatic pressure loss causes the control valve to open and release water into the system. When producing a hydraulic calculation for a dry system it is crucial that the time from control valve opening too the sprinkler dispersing water must remain under 30 seconds, reducing friction losses and increasing water velocity would have massive benefits in a dry system.
   I came to this idea for my independent project whilst completing the designs for a relatively small project in my workplace. This project was a primary school in Swansea. As this project was perceived as being relatively small it was designated by our listing team as a hand calculation project. This meaning that all hydraulic calculations for the automatic wet sprinkler system would have to be completed using the predetermined calculations tables for friction loss in pipe diameters ranging from 150mm to 25mm and using predetermined figures for minimum water supply in a water storage tank and a predetermined size for the electrical or diesel pump that would be selected also by the listing team. All hand calculations would be based on a single design point within the system, this design point was selected using a criterion stated within the LPC folder (the LPC is the governing body for automatic sprinkler systems design for the UK), from there I calculate the pressure losses in each pipe based on the Hazen Williams number for a heavy steel pipe. The main goal of my calculations is to keep the pressure losses from my design point to the control valve set at the bottom of the system below 500mm/sec, balancing my equation by altering the pipe diameters throughout the system. I have included samples of these predetermined tables at the back of this proposal. 





Aims & Objectives
As my proposed title would suggest the primary aim of my project is to investigate the effects of the surface quality and material of internal pipework in relation to friction loss and more specifically the reduction of friction loss within a required system. 
My intentions are to explore how different materials and surface coatings inside the pipework will affect the fluid flow and friction losses present. I will use this data to investigate if the required pressure produced by the pumps presented in the predetermined tables are necessary for an automatic sprinkler system with an internal coating and whether in fact an internal coating will produce a more efficient system and therefore will require a smaller pump saving on total project costs. Not only will this reduce costs of the pump, but this will also reduce costs in other areas, such as the GRP housing for the pump as this will now see a reduction in size, furthermore the pumphouse valve set and all valves included will now see a reduction in size and therefore costs. 
I will explore current internal coatings which are currently being used throughout other areas in industry and whether these would be possible materials and coatings which could be possibly used for my purpose. 
Methodology 
I desire to conduct this investigation by researching and investigating multiple coatings which are currently used in other areas through experimental methods in testing fluid flow and friction loss and comparing these results with predetermined existing results of friction loss in uncoated heavy metal pipework. 
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Description automatically generated]I will also use tools which I already currently have at my disposal to test the friction loss in different pipes constructed of different materials and with different surface coatings. When conducting hydraulic calculations digitally we run a software called FireCAD. This software allows me to confidently produce accurate results for the fluid flow, pressure losses, fluid velocity, flow direction and frictional losses within an entire sprinkler system and also more specifically from a singular sprinkler head or pipe. The program bases all its equations in relation to fluid velocity and pressure losses on the Hazen Williams coefficient for head loss in a pipe and the Darcy Weisbach Equation (depending on the chosen standards decided by the projects intended clients). The Hazen Williams is as follows, 
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Description automatically generated]The Hazen Williams equation is used to calculate the pressure loss in a pipe and is used when producing accurate hydraulic calculations. The main investigation area for my project will be the friction of various synthetic coatings that could possibly be used. The Hazen Williams friction loss of coefficient is different to that of the Reynolds number as the Hazen Williams can only be used when the water flow is a turbulent flow (systems, H., 2021). When a sprinkler system is being subjected to different temperatures or extreme temperatures or extreme pressures then the Darcy Weisbach Equation is a more suitable option to use (systems, H., 2021). The Darcy Weisbach Equation is shown below, 




As I am investigating the effects in a full automatic sprinkler system I will have to look at other areas that this reduction in friction loss will effect, for example the increased fluid velocity effects on components such as the control valves and butterfly valves. 
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Table 10 — Minimum water volume for pre-calculated HHP and HHS systems

Design density not exceeding Minimum water volume
mm/min m3
Wet systems Dry systems

7,5 225 280

10,0 275 345

12,5 350 440

15,0 425 530

17,5 450 560

20,0 575 720

22,5 650 815

25,0 725 905

27,5 800 1000

30,0 875 1090





image7.png
Table 23 — Equivalent length of fittings and valves

Fittings and valves

Equivalent length of steel straight pipe for a C value of 120 2

(m)

Nominal diameter (mm)

20 (25 |32 (40 (50 (65 (80 (100 {150 [200 |250
90° screwed elbow |0,760,77{10 |12 |15 |19 |24 |3,0 |43 |57 |74
(standard)
90° welded elbow (r/d=1,5) |0,300,36|0,49 0,56 | 0,69 0,88 |1,1 |14 |20 |26 |34
45° screwed elbow|0,34|0,40/0,55{0,66 | 0,76 |1,0 |13 |16 |23 [3,1 |3,9
(standard)

Standard screwed tee or|13 (1,5 |21 [24 |29 |38 |48 |61 |86 |11,0|14,0
cross (flow through branch)

Gate valve - straight way - |- |- |— 1038051]063(081|1,1 |15 |20
Alarm or non-return valve|— —_ |- — 24 |32 |39 |51 (72 |94 [12,0
(swinging type)

Alarm or non-return valve|— |— |[— |— 12,0 | 19,0 | 19,7 | 25,0 | 35,0 | 47,0 (62,0
(mushroom type)

Butterfly valve — = = |— 122 |29 |36 |46 |64 |86 |99
Globe valve 16,0 |21,0 | 26,0 | 34,0 [ 48,0 | 64,0 84,0

2 These equivalent lengths might be converted as necessary for pipes with other C values by multiplying by
following factors:

the
Cvalues 100=
Factor= 0,714z

110=
0,355

120=
1,00=

130=
1,16=

140=
1,332
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Table 16 — Minimum pump characteristics for LH and OH (pre-calculated systems)

Hazard Class Sprinkler |Nominal data Characteristic
height h
above the
control valve
set(s)
m Pressure Fl:w Pressure | Flow |Pressure | Flow
bar 1/min | bar 1/min | bar 1/min

LH (Wet or pre-action) | h < 15 1,5 300 3,7 225 |— —

15<h<30 1,8 340 5,2 225 | — —

30<h<45 2,3 375 6,7 225 |[— —
OH1 Wet or pre-action | h < 15 1,2 900 2,2 540 2,5 375

15<h<30 1,9 1150 [3,7 540 4,0 375

30<h<45 2.7 1360 (5,2 540 |5,5 375
OH1 Dry or alternate |h<15 1,4 1750 |2,5 1000 |29 725
OH2 Wet or pre-action |15 <h <30 2,0 2050 4,0 1000 |44 725

30<h<45 2,6 2350 |55 1000 |59 725
OH2 Dry or alternate |h<15 1,4 2250 (29 1350 [3,2 1100
OH3 Wet or pre-action | 15 <h < 30 2,0 2700 |44 1350 |4,7 1100

30<h<45 2,5 3100 |59 1350 |6,2 1100
OH3 Dry or alternate |h<15 1,9 2650 |3,0 2100 |3,5 1800
OH4 Wet or pre-action | 15 <h <30 2,4 3050 |4,5 2100 |5,0 1800

30<h<45 3,0 3350 |6,0 2100 |6,5 1800

NOTE 1 The pressures shown are as measured at the control valve set(s).

NOTE 2 In the case of buildings which exceed the heights shown, it should be proved that the pump
characteristics are adequate for supplying the flows and pressures specified in 7.3.1.
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he= f(L/D) x (v*/2g)

where:

hs = head loss (m)

f = friction factor

L = length of pipe work (m)

d = inner diameter of pipe work (m)
v = velocity of fluid (m/s)

g = acceleration due to gravity (m/s?)
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Table 7 — Pressure and flow requirements for pre-calculated installations designed using
Tables 32 to 35

Design density

mm/min

Maximum demand flow

I/min

Pressure at the highest design point
(pd)
bar

Area of operation per sprinkler m?

Wet or pre-action

Dry or alternate

6 |7 E B

(1) With pipe diameters in accordanc

e with Tables 32 and 33 and sprinklers having a K-factor of 80

7,5 2300 2900 — — 1,80 2,25

10,0 3050 3800 1,80 2,40 3,15 3,90

(2) With pipe diameters in accordance with Tables 32 and 34 and sprinklers having a K-factor of 80
7,5 2300 2900 — — 1,35 1,75

10,0 3050 3800 1,30 1,80 2,35 3,00

(3) With pipe diameters in accordance with Tables 35 and 34 and sprinklers having a K-factor of 80
7,5 2300 2900 — — 0,70 0,90

10,0 3050 3800 0,70 0,95 1,25 1,60

(4) With pipe diameters in accordance with Tables 35 and 34 and sprinklers having a K-factor of
115

10,0 3050 3800 — —_ — 0,95

12,5 3800 4800 — 0,90 1,15 1,45

15,0 4550 5700 0,95 1,25 1,65 2,10

17,5 4850 6000 1,25 1,70 2,25 2,80

20,0 6400 8000 1,65 2,25 2,95 3,70

22,5 7 200 9000 2,05 2,85 3,70 4,70

25,0 8000 10000 2,55 3,50 4,55 575

27,5 8800 11000 3,05 4,20 5,50 6,90

30,0 9 650 12000 3,60 4,95 6,50 —_

NOTE  If there are sprinklers in the array which are higher than the design point, the static head

from the design point to the highest sprinklers should be added to pd.
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Table 6 — Pressure and flow requirements for pre-calculated LH and OH systems

OH4 Wet and pre-action

Hazard Class Flow Pressure at the Maximum Pressure at the
control valve set| demand flow |control valve set
1/min bar 1/min bar

LH (Wet and pre-action) |225 2,2+ps —_ —

OH1 Wet and pre-action |375 1,0+ps 540 ,7+ Ds

OH1 Dry and alternate 1,4+ps 1000 1,0+ps

OH2 Wet and pre-action

OH2 Dry and alternate 1100 1,7+ps 1350 1,4+ps

OH3 Wet and pre-action

OH3 Dry and alternate 1800 2,0+ps 2100 1,5+ps

NOTE

ps is the static head loss due to the height of the highest sprinkler in the array concerned above the
control valve set 'C' gauge, in bar.
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Table 9 — Minimum water volume for pre-calculated LH and OH systems

Group Height h of the highest Minimum water volume
sprinkler above the lowest
sprinkler (see NOTE)
m m?3
LH - (Wet or pre-action) |h<15 9
15<h<30 10
30<h<45 11
OH1 - Wet or pre-action |h<15 85
15<h<30 70
30<h<45 80
OH1 - Dry or alternate h<15 105
OH2 - Wet or pre-action |15<h<30 125
30<h<45 140
OH2 - Dry or alternate h<15 135
OH3 - Wet or pre-action |15<h=<30 160
30<h<45 185
OH3 - Dry or alternate h<15 160
OH4 - Wet or pre-action |15<h<30 185
30<h<45 200

OH4 - Dry or alternate

Use HH protection

NOTE Excluding sprinklers in the sprinkler valve room.





