
Unclassified 
 
 
 
 
 
 
 
 
 
 

Unclassified 

 
 
 
 
 
 
 
Report 
 
 
 
 
 

Fire Hydrant Equipment Testing with 
Manly Hydraulics Laboratory – 2017 

 
 
 
 
 
Document ID: D19/56801 
Revision: 1.1 
Issued: 12 March 2020 
 
 
 
 
 
 
 
 
Fire Safety Policy Unit 

Community Safety Directorate  



Unclassified 
Fire and Rescue NSW Report 
Fire Hydrant Equipment Testing with Manly Hydraulics Laboratory – 2017 Revision: 1.1 

Doc. ID: D19/56801 Page 2 of 34 
Issued: 12 March 2020 
 

Unclassified 

Executive Summary  

Table 2.2 of AS 2419.1-2005 Fire Hydrant Installations specifies the minimum required 
unassisted residual pressure at a feed fire hydrant. For NSW this is currently set at 150 kPa 
for each hydrant required to flow at not less than 10 L/s. In all other states and territories this 
value is 200 kPa. 

The historical reasoning behind the 150 kPa in NSW is unknown. Therefore, Fire and 
Rescue NSW (FRNSW) commissioned Manly Hydraulics Laboratory (MHL) to undertake 
quantifiable testing of various configurations of its hydrants, standpipes, fire hoses and 
firefighting pumping appliances to assess FRNSW’s operational needs against the AS 
2419.1 nominated minimum residual pressure values. 

An independent and appropriately qualified body was selected to undertake the testing to 
ensure that any results obtained were creditable and unbiased. FRNSW engaged MHL as 
they are a National Association of Testing Authorities (NATA) accredited testing laboratory. 
However, it is noted that the hydraulic testing conducted by MHL for FRNSW was not 
conducted to NATA standards. 

MHL produced a written report titled, “FIRE AND RESCUE NSW FIRE HYDRANT TESTING 
2017 – Report MHL2534 February 2018”, quantifying the laboratory-derived hydraulic 
resistance constants for various firefighting components.  

To facilitate a better understanding of the MHL report, this report provides further description 
and some sample calculations for the determination of the hydraulic resistant constants for 
the various firefighting components tested. This report also outlines further considerations 
necessary in any application of these values, such as including appropriate factors of safety. 

Some observations of interest from the testing undertaken include:  

• The minimum collector pressure prior to hose collapse was 0 kPa. 

• There are two mechanisms that can potentially cause pump cavitation when water is 
being supplied to a firefighting pumping appliance via a fire hydrant and canvas hose: 

o If the residual pressure at the pump inlet is reduced to -70 kPa (as read on the 
compound gauge), cavitation will occur.  

o If the residual pressure in the lay-flat feed hose (as it enters the pump 
collector) drops to 0 kPa the hose will collapse, and pump cavitation will 
occur. 

A summary of some of the hydraulic resistant constants due to flow resistance for various 
individual firefighting components is presented in Table 1 below. Please note that these 
constants are for the pressure drop due to flow resistance only, and do not account for any 
other losses, differences in elevation head, etc. 
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Component Description 
Corresponding 

MHL test 
description 

Pressure Drop “ΔP” 
(kPa) due to flow 

resistance vs Flow 
Rate “Q” (L/s) 

FRNSW spring valve hydrant / 
standpipe combination 

MHL Test results C1 ΔP = 0.23 x Q2    Note 1 

FRNSW 1-into-2 breeching (both 
outlets open) 

MHL Test results C2 ΔP = 0.02 x Q2 

FRNSW 1-into-2 breeching (one 
outlet open) 

MHL Test results C2 ΔP = 0.07 x Q2 

FRNSW Ø70mm x 30m canvas lay-
flat hose on flat ground 

MHL Test results C3 ΔP = 0.38 x Q2 

RFS Ø64mm x 30m canvas lay-flat 
hose on flat ground 

MHL Test results C4 ΔP = 0.43 x Q2 

FRNSW screw valve hydrant / 
double delivery combination  

MHL Test results C5 ΔP = 0.14 x Q2   Note 1 

Table 1: Summary of expected pressure drop due to flow resistance versus flow 
equations for individual firefighting components 

Note 1: The difference in elevation head between the main and equipment being tested was 
not calculated during the MHL testing and therefore is not included in these derivations. The 
pressure drop from this equation is due to flow resistance only. 

 

It is noted, however, that the results provided from this testing are from measurements in a 
test environment that may not include all considerations necessary on a real fire ground, e.g. 
actual hose lay, mains pressure fluctuations, elevation differences, variations in equipment 
due to deterioration, repair processes or manufacturing tolerances, etc. Therefore, factors of 
safety should be considered when using the test results.  

Any use or application of the results in the MHL Report or this report should be discussed 
with the Fire Safety Policy Unit in FRNSW to ensure that the appropriate considerations are 
being made. 
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1 Introduction 

Following a request from FRNSW to undertake testing, MHL produced a written report titled, 
“FIRE AND RESCUE NSW FIRE HYDRANT TESTING 2017 – Report MHL2534 February 
2018”, quantifying the laboratory-derived hydraulic resistance constants for various 
firefighting components.  

To facilitate a better understanding of the MHL report, this report provides further description 
and some sample calculations for the determination of the hydraulic resistant constants for 
the various firefighting components tested and also outlines further considerations necessary 
in any application of these values, such as including appropriate factors of safety. 

The main focus of this report is on the “Type C tests” (head-loss testing of components), as 
described in the MHL report, as neither the Type A nor Type B test results were employed in 
the calculation of the hydraulic resistant constants of the firefighting components.  

However, some observations of interest from other tests are noted in this report. A more 
detailed description of all the test scenarios can be found in Section 2.4 of the MHL report. 

2 Background 

Table 2.2 of AS 2419.1-2005 Fire Hydrant Installations specifies the minimum required 
unassisted residual pressure at a feed fire hydrant. For NSW this is currently set at 150 kPa 
for each hydrant required to flow at not less than 10 L/s. In all other states and territories this 
value is 200 kPa. 

The historical reasoning behind the 150 kPa in NSW is unknown. Therefore, Fire and 
Rescue NSW (FRNSW) commissioned Manly Hydraulics Laboratory (MHL) to undertake 
quantifiable testing of various configurations of its hydrants, standpipes, fire hoses and 
firefighting pumping appliances to allow an assessment of the operational needs of FRNSW 
for comparison against the AS2419.1-2005 nominated minimum residual pressure values. 

3 Methodology 

An independent and appropriately qualified body was selected to undertake the testing to 
ensure that any results obtained were creditable and unbiased. FRNSW engaged MHL as 
they are a National Association of Testing Authorities (NATA) accredited testing laboratory. 
However, it must be noted that the hydraulic testing conducted for FRNSW was not 
conducted to NATA standards. 

Numerous tests were performed by MHL. A brief description of only the test scenarios 
relevant to this report are presented. A more detailed description of all the test scenarios can 
be found in Section 2.4 of the MHL report. 

The main focus of this report is on the “Type C tests” (head-loss testing of components). In 
order to facilitate further understanding of the Type C test results, two methods of calculation 
were employed to assess the MHL test data. The first of these was the Bernoulli Energy 
equation, with the second method being termed the “simple pressure drop equation”. 

Using these two calculations, an equation is developed to predict the pressure drop (in kPa) 
due to flow resistance for a given fire flow (in L/s) for each of the systems / components 
tested. 

A check is then made of the two developed equations against the discrete measured values 
by way of plotting them on a graph for comparison. 
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4 Analysis 

4.1 Observations from Type A Tests 

MHL tests A5 and A6 were designed to determine the minimum pressure required at the feed 
hydrant and collector to prevent cavitation of the fire brigade appliance pump and/or hose 
collapse. Figure 1 shows the test configuration for Tests A5 and A6. The mains pressure was 
incrementally reduced until hose collapse or pump cavitation occurred. 

While a standpipe was used, the results obtained in this test are applicable to any feed 
hydrant, whether it be a street hydrant or part of a booster assembly. 

 

Figure 1: MHL Figure 2-7 : Tests A5 and A6 configuration 

 

Observations of interest from the testing undertaken include:  

• The minimum collector pressure prior to hose collapse was 0 kPa. 

• There are two mechanisms that can potentially cause pump cavitation when water is 
being supplied to a firefighting pumping appliance via a fire hydrant and canvas hose.  

o If the residual pressure at the pump inlet is reduced to -70 kPa (as read on the 
compound gauge) cavitation will occur.  

o If the residual pressure in the lay-flat feed hose (as it enters the pump 
collector) drops to 0 kPa the hose will collapse, and pump cavitation will 
occur.  



Unclassified 
Fire and Rescue NSW Report 
Fire Hydrant Equipment Testing with Manly Hydraulics Laboratory – 2017 Revision: 1.1 

Doc. ID: D19/56801 Page 7 of 34 
Issued: 12 March 2020 
 

Unclassified 

4.2 MHL Test results C1 (spring valve hydrant and standpipe) 

The aim of this test was to develop equations that could be used to predict the pressure drop 
due to flow resistance for a given fire flow across a spring valve hydrant / standpipe 
combination.  

This test considers the pressure drop from the hydrant connection in the town main, through 
the spring valve hydrant / standpipe combination, through to the outlet of a FRNSW 
standpipe. Refer to Figure 2 below for the test rig arrangement. 

 

 

Figure 2: MHL Figure 2-9: Test C1 (and Test C5) set-up, spring valve hydrant / 
standpipe 

4.2.1 MHL Test Results 

Table 2 below shows the results for Test C1 and has been taken from MHL Table 3-8: Test 
C1 results (spring valve hydrant and standpipe). It is noted that some slight modifications 
have been made to the table, such as additional descriptions included, to provide further 
clarification. 
 

 
* k is based on the ᴓ65mm ID of the standpipe outlet 

Table 2: MHL Table 3-8: Test C1 results (spring valve hydrant and standpipe) 

4.2.2 Determination of Equation A using the Bernoulli Energy equation 

Starting with the Bernoulli Energy equation: 
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PM
ρg
+
VM
2

2g
 

⏟      
Energy in Mains

= 
PS
ρg
+ 
VS
2

2g
 

⏟      
Energy at Standpipe

 + hl⏟
Energy lost

  

Where:  PM = Pressure in the Mains adjacent to the hydrant in [Pa] 

  PS = Pressure at the outlet of the Standpipe in [Pa] 

  Diameter of the water Main = ᴓ150mm 

Diameter of pipe at the Standpipe pressure gauge = ᴓ65mm 

  VM = Velocity in the Mains in [m/s] 

  VS = Velocity at the Standpipe outlet in [m/s] 

  ρ = water density of 1000 [kg/m3] 

g = acceleration due to gravity [m/s2] 

hl = k
VS
2

2g
 = the Energy lost from town Main to the exit of the Standpipe [m]. 

Note 1: Convention requires that the hydraulic resistance constant “k” above should be 
based on the smaller of the internal diameters; i.e. that of the standpipe at Ø65mm. 

Note 2: As a differential pressure gauge was used during testing, the difference in elevation 
head between the main (ZM) and standpipe (ZS), was not calculated during the MHL testing, 
and therefore not included within the MHL report. For consistency, it has also not been 
included in the above Bernoulli Energy equation. However, the difference in elevation heads 
for ZM and ZS would need to be considered in any application of the hydraulic resistance 
constants. For example, if 1.2 m is the height from the main up to the outlet of a typical 
standard FRNSW standpipe, a 1.2 m difference in elevation would need to be accounted for, 
i.e. 12 kPa. 

Inputting hl = k
VS
2

2g
 , PIN − POUT  =  PDIFF (refer to row 2 of Table 2 above) into the above 

Bernoulli Energy equation and making “k” the subject provides: 

k = [
PDiff
ρg

+
VM
2  

2g
 − 

VS
2 

2g
] /
VS
2

2g
 ~ Equation A 

Equation A above was then used to calculate the “k (individual)” values in Table 2 above, 
refer to row 8. From which the “k (average)” value of “4.0” was calculated, refer to row 9 in 
the above table. 

4.2.3 Determination of Equation 1 using the Bernoulli Energy equation 

Inputting hl = k
VS
2

2g
  into the Bernoulli Energy equation and making PM − PS  the subject of the 

equation provides: 

PM − PS = ρg [
VS
2 

2g
− 
VM
2  

2g
+  k (

VS
2 

2g
)] ~ [Pa] 

Converting the units from [Pa] to [kPa] by dividing by 1000 (thus cancelling out ρ) provides: 

PM − PS =
ρg

1000
[(k + 1) (

VS
2 

2g
) −

VM
2  

2g
 ] ~ [kPa]   

Inputting the value for “k (average)” of “4.0” from row 9 of Table 2 above provides: 

PM − PS =
(5.0)VS

2 − VM
2

2
  [kPa] ~ Equation B  
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Next, to define (PM − PS ) in terms of flow Q in units of [L/s] consider the following: 

If Q = AV; therefore   V2 = 
Q2

A2
  

And        VS
2 = 

Q2/10002

[
π(0.0652)

4
]
2         &       VM

2 = 
Q2/10002

[
π(0.152)

4
]
2      ~ (Q in L/s) 

Equation B above becomes:  PM − PS =

(5.0)
Q2/10002

[
π(0.0652)

4 ]

2  −  
Q2/10002

[
π(0.152)

4 ]

2

2
 [kPa]   

Which reduces to:     PM − PS =  0.23 ∗ Q
2  [kPa] 

Or, 𝚫𝐏 =  𝟎. 𝟐𝟑 ∗ 𝐐𝟐 [𝐤𝐏𝐚] ~ 𝐄𝐪𝐮𝐚𝐭𝐢𝐨𝐧 𝟏 

Equation 1 can be used to predict the pressure drop due to flow resistance in units of kPa for 
a given fire flow in units of L/s when considering the system from the hydrant connection in 
the town main, through the spring valve hydrant / standpipe combination, through to the 
outlet of a FRNSW standpipe. 

4.2.4 Determination of Equation 2 using the simple pressure-drop equation  

Starting with the simple pressure-drop equation below: 

ΔP = kq x Q2 

Where:  ΔP =  Recorded 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 drop from Mains to Standpipe in [kPa] 

kq = the hydraulic resistance constant for the particular component 

Q = Recorded flow rate in [L/s] 

Re-arranging the simple pressure-drop equation to provide for kq: 

kq =
ΔP

Q2
  [kPa, L/s]   ~ Equation C 

Equation C above was then used to calculate the “kq (individual)” values in Table 2 above, 
refer to row 10. From which the “kq (average)” value of “0.23“ was calculated, refer to row 11 
of the Table. 

Inputting the “kq (average)” value of “0.23” from row 11 of Table 2 above into the simple 
pressure-drop equation above provides: 

𝚫𝐏 = 𝟎. 𝟐𝟑 ∗ 𝐐𝟐 [𝐤𝐏𝐚]  ~ Equation 2 

Equation 2 can also be used to predict the pressure drop in units of kPa due to flow 
resistance for a given fire flow in units of L/s when considering the system from the hydrant 
connection in the water main, through the spring valve hydrant / standpipe combination, to 
the outlet of a FRNSW standpipe. 
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4.2.5 Results 

Note that both the Bernoulli Energy equation (Equation 1) and the simple pressure-drop 
equation (Equation 2) provided the same results, implying that the Bernoulli Energy equation 
reduces to the simple pressure-drop equation. 

To demonstrate the close correlation between the discrete measured values and the two 
developed equations, these values were entered in Figure 3 below. 

 

Figure 3 Plot of discrete (measured) data versus the developed simple pressure 
drop equation for ball valve hydrant/standpipe combination 
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4.3 MHL Test results C2 (FRNSW 1-into-2 breeching) 

The aim of this test was to develop equations that can be used to predict the pressure drop 
due to flow resistance for a given fire flow across a FRNSW 1-into-2 breeching. Refer to 
Figure 4 for the test rig arrangement.  

Testing was firstly conducted for flow through both outlets of the breeching; and secondly for 
flow through one outlet only of the breeching. 

 

 

Figure 4: MHL Figure 2-10 – Test C2 set-up for flow across a 1-into-2 breeching 

4.3.1 MHL Test Results 

Table 3 below shows the results for Test C2 for flow through both outlets of the breeching 
and has been reproduced from MHL Table 3-9 (BOTH): Test C2 results for flow through both 
outlets of the breeching. It is noted that some slight modifications have been made to the 
table, such as additional descriptions included, to provide further clarification. 

 

 
* k is based on the ᴓ65mm ID of the breeching Inlet 

Table 3: MHL Table 3-9 (BOTH): Test C2 results for flow through both outlets of the 
breeching 
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Table 4 below shows the results for Test C2 results for flow through one outlet only of the 
breeching and has been reproduced from MHL Table 3-9 (ONE): Test C2 results for flow 
through one outlet only of the breeching. It is noted that some slight modifications have been 
made to the table, such as additional descriptions included, to provide further clarification. 
 

 
* k is based on the ᴓ65mm ID of the breeching Inlet 

Table 4 MHL Table 3-9 (ONE): Test C2 results for flow through one outlet only of the breeching 

4.3.2 Determination of Equation D for flow through both outlets of the breeching 
using the Bernoulli Energy equation 

Starting with the Bernoulli Energy equation below. 

PIN
ρg
+ 
VIN
2

2g⏟      
Energy IN

 =  
POUT
ρg

+ 
VOUT
2

2g⏟        
Energy OUT

 + hl⏟
Energy lost

  

Where:  PIN = Pressure in the Inlet in [Pa] 

  POUT = Pressure at the Outlet in [Pa] 

  Diameter of Inlet and both Outlets = ᴓ65mm 

  VIN = Velocity at the Inlet in [m/s] 

  VOUT = Velocity at the Outlet in [m/s] 

ρ = water density of 1000 [kg/m3] 

g = acceleration due to gravity [m/s2] 

hl = k
VIn
2

2g
 = the Energy lost through the breeching in [m]. 

Note 1: As the elevation heads of ZIN and ZOUT above the datum are the same, they have 
been excluded from the Bernoulli Energy equation. 

Note 2: The hydraulic resistance constant “k” above is based on the internal diameter of the 
Inlet i.e. Ø65mm. 

Inputting hl = k
VS
2

2g
  and PIN − POUT  =  PDIFF (refer to row 2 of Table 3 above) into the above 

Bernoulli Energy equation and making “k” the subject of the equation provides: 

k = [
PDIFF
ρg

+
VIN
2  

2g
 −  

VOUT
2

2g
] / (

VOUT
2

2g
)   ~ Equation D 

Equation D above was then used to calculate the “k (individual)” values in Table 3 above, 
refer to row 8, from which the “k (average)” value of “1.09” was calculated, refer to row 9 of 
the Table.  
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4.3.3 Determination of Equation 3 for flow through both outlets of the breeching 
using the Bernoulli Energy equation 

Inputting hl = k
VS
2

2g
  into the above Bernoulli Energy equation, converting the units from [Pa] to 

[kPa] by dividing by 1000 (thus cancelling out ρ), and making PIN − POUT  the subject of the 
equation provides: 

PIN − POUT =
ρg

1000
[
VOUT
2

2g
 + (k −  1)

VIN
2  

2g
] [kPa] 

Inputting the value for “k (average)” of “1.09” from row 9 of Table 3 above provides: 

PIN − POUT = 0.5[VOUT
2  +  (1.09 −  1)VIN

2 ]  [kPa]  ~ Equation E 

Next, to define PIN − POUT in terms of flow Q in units of [L/s].  

If Q = AV;  therefore   V2 = 
Q2

A2
  

And        VIN
2 = 

Q2/10002

[
π(0.0652)

4
]
2         &       VOUT

2 = 
[
Q

2
]
2
/10002

[
π(0.0652)

4
]
2      ~ (Q in L/s) 

From Equation E:  PIN − POUT =  0.5 [ 
[
Q

2
]
2
/10002

[
π(0.0652)

4
]
2 + (0.09)

Q2/10002

[
π(0.0652)

4
]
2] [kPa] 

Which reduces to:     PIN − POUT =  0.015 ∗ Q
2 [kPa] 

Or,  ∆𝐏𝐒 =  𝟎. 𝟎𝟏𝟓 ∗ 𝐐
𝟐 [𝐤𝐏𝐚]  ~ Equation 3 

Equation 3 can be used to predict the pressure drop due to flow resistance in units of kPa for 
a given flow in units of L/s when considering flow through both outlets of the FRNSW 1 into 2 
breeching. 

4.3.4 Determination of Equation 4 for flow through both outlets of the breeching 
using the simple pressure-drop equation 

Starting with the simple pressure-drop equation below: 

ΔP = kq x Q2 

Where:  ΔP =  Recorded 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 drop across the breeching in [kPa] 

kq = the hydraulic resistance constant for the particular component 

  Q = Recorded flow rate in [L/s] 

Re-arranging the simple pressure-drop equation to provide for kq: 

kq =
ΔP

Q2
  [kPa, L/s]   ~ Equation F 

Equation F above was then used to calculate the “kq (individual)” values in Table 3 above, 
refer to row 10, from which the “kq (average)” value of “0.015” was calculated, refer to row 11 
of the Table. 

Inputting this “kq (average)” value of “0.015” from row 11 of Table 3 above into the simple 
pressure drop equation provides: 

𝚫𝐏 = 𝟎. 𝟎𝟏𝟓 ∗  𝐐𝟐 [𝐤𝐏𝐚]  ~ Equation 4 
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Equation 4 can also be used to predict the pressure drop due to flow resistance in units of 
kPa for a given fire flow in units of L/s when considering flow through both outlets of the 
FRNSW 1-into-2 breeching. 

4.3.5 Results for flow through both outlets of the breeching 

Note that both the Bernoulli Energy Equation (Equation 3) and the simple pressure-drop 
equation (Equation 4) provided the same results, implying that the Bernoulli Energy equation 
reduces to the simple pressure-drop equation. 

To demonstrate the close correlation between the discrete measured values and the two 
developed equations their values were entered in Figure 5 below. 

 

 

Figure 5: Plot of discrete (measured) data versus developed pressure drop equations 
for flow across a 1-into-2 breeching (both outlets open) 
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4.3.6 Determination of Equation G for flow through one outlet of the breeching using 
the Bernoulli Energy equation 

Starting with the Bernoulli Energy equation below. 

PIN
ρg
+ 
VIN
2

2g⏟      
Energy IN

 =  
POUT
ρg

+ 
VOUT
2

2g⏟        
Energy OUT

 + hl⏟
Energy lost

  

Where:  PIN = Pressure in the Inlet in [Pa] 

  POUT = Pressure at the Outlet in [Pa] 

  Diameter of Inlet and Outlet = ᴓ65mm 

  VIN = Velocity at the Inlet in [m/s] 

  VOUT = Velocity at the Outlet in [m/s] = VIN 

ρ = water density of 1000 [kg/m3] 

g = acceleration due to gravity [m/s2] 

hl = k
VIN
2

2g
 = the Energy lost through the breeching in [m]. 

Note 1: As the elevation heads of ZIN and ZOUT above the datum are the same, they have 
been excluded from the Bernoulli Energy equation. 

Note 2: The hydraulic resistance constant “k” above was based on the internal diameter of 
the Inlet i.e. Ø65mm. 

Inputting hl = k
VIN
2

2g
 , VIN = VOUT and PIN − POUT =  Differential Pressure (Refer to row 2 of 

Table 4 above) into the above Bernoulli Energy equation and making “k” the subject of the 
equation provides: 

k =
2[PDIFF ]

VIN
2   ~ Equation G 

Equation G above was then used to calculate the “k (individual)” values in Table 4 above, 
refer to row 5, from which the “k (average)” value of “1.59 “was derived, refer to row 6 of the 
Table. 

4.3.7 Determination of Equation 5 for flow through one outlet of the breeching using 
the Bernoulli Energy equation 

Inputting of hl = k
VIN
2

2g
  into the above Bernoulli Energy equation, converting the units from 

[Pa] to [kPa] by dividing by 1000 (thus cancelling out ρ), and making PIN − POUT  the subject 
of the equation provides: 

PIN − POUT = k
VIN
2

2
 [kPa] 

Inputting the “k (average)” value of “1.59” from row 6 of Table 4 above provides for: 

PIN − POUT =  0.795 ∗ VIN
2   [kPa]  ~ Equation H 

Next, to define PIN − POUT in terms of flow Q in units of [L/s]: 

If Q = AV;  therefore   V2 = 
Q2

A2
  

And        VIN
2 = 

Q2/10002

[
π(0.0652)

4
]
2  ~(𝑄 𝑖𝑛 𝐿/𝑠)     
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From Equation H above:  PIN − POUT =  0.795 ∗ [
Q2/10002

[
π(0.0652)

4
]
2] [kPa] 

Which reduces to:     PM − PS =  0.072 ∗ Q
2 [kPa] 

Or,  ∆𝐏 =  𝟎. 𝟎𝟕𝟐 ∗ 𝐐
𝟐 [𝐤𝐏𝐚]  ~ Equation 5 

Equation 5 can be used to predict the pressure drop due to flow resistance in units of kPa for 
a given flow in units of L/s when considering flow through one outlet only of the FRNSW 1-
into-2 breeching. 

4.3.8 Determination of Equation 6 for flow through one outlet of the breeching using 
the simple pressure-drop equation 

Starting with the simple pressure-drop equation below: 

ΔP = kq x Q2 

Where:  ΔP =  Recorded 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 drop across the breeching in [kPa] 

kq = the hydraulic resistance constant for the particular component 

  Q = Recorded flow rate in [L/s] 

Re-arranging the simple pressure-drop equation to provide for kq: 

kq =
ΔP

Q2
  [kPa, L/s]   ~ Equation I 

Equation I above was used to calculate the “kq (individual)” values in Table 4 above, refer to 
row 7, from which the “kq (average)” value of “0.072“ was calculated, refer to row 8 of the 
Table.  

Inputting the “kq (average)” value of 0.072 from row 8 of Table 4 above into the simple 
pressure-drop equation provides: 

𝚫𝐏 = 𝟎. 𝟎𝟕𝟐 ∗  𝐐𝟐 [𝐤𝐏𝐚]  ~ Equation 6 

Equation 6 can be used to predict the pressure drop due to flow resistance in units of kPa for 
a given flow in units of L/s when considering flow through one outlet of the FRNSW 1-into-2 
breeching. 
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4.3.9 Results for flow through one outlet of the breeching 

Note that both the Energy equation (Equation 5) and the simple pressure-drop equation 
(Equation 6) provided the same results, implying that the Bernoulli Energy equation reduces 
to the simple pressure-drop equation. 

To demonstrate the close correlation between the discrete measured values and the two 
developed equations these values were entered in Figure 6 below. 

 

  

Figure 6: Plot of discrete (measured) data versus developed pressure drop equations 
for flow across a 1-into-2 breeching (one outlet open) 
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4.4 MHL Test results C3 (70mm hose) 

The aim of this test was to develop equations that can be used to predict the pressure drop 
due to flow resistance for a given fire flow along a single length of FRNSW Ø70mm x 30m 
canvas lay-flat hose. Refer to Figure 7 for the test rig arrangement. 

 

 

Figure 7: MHL Figure 2-11: Test C3 and Test C4 setup 

4.4.1 MHL Test Results 

Table 5 below shows the results for Test C3 and has been reproduced from MHL Table 3-10: 
Test C3 results (70mm hose). It is noted that some slight modifications have been made to the 
table, such as additional descriptions included, to provide further clarification. 
 

 
* k is based on the ᴓ70mm ID of the hose outlet 

Table 5: MHL Table 3-10: Test C3 results (70mm hose) 

Note 1: Table 3-10 on page 27 of the MHL report does not include rows for the relative 
elevations of 0.75m and 0.43m for the hose Inlet and hose Outlet respectively. The table 
above is an expanded version of the MHL table that now includes additional rows to show 
these values for completeness only. However, these values are dropped out at the end of 
calculations to provide final equation that is relative to the hose being laid on flat ground. 

Note 2: The term “Hydraulic head at truck” in the MHL report is the sum of pressure head 
and elevation. 
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4.4.2 Determination of Equation J using the Bernoulli Energy equation 

Starting with the Bernoulli Energy equation below. 

PIN
ρg
+ 
VIN
2

2g
+ ZIN

⏟          
Energy In

 =  
POUT
ρg

+ 
VOUT
2

2g
+ ZOUT

⏟            
Energy Out

  + hl⏟
Energy lost

  

Where:  PIN = Pressure at the hose Inlet in [Pa] 

  POUT = Pressure at the outlet of the hose = 0 Pa 

  Diameter of pipe at the hose Inlet pressure gauge = ᴓ65mm 

Diameter at the hose Outlet = ᴓ70mm 

  VIN = Velocity at the hose Inlet pressure gauge in [m/s] 

  VOUT = Velocity at the hose Outlet in [m/s] 

ZIN = 0.75 m ~ elevation of the hose Inlet above the datum height. 

ZOUT = 0.43 m ~ elevation of the hose Outlet above the datum height. 

ρ = water density of 1000 [kg/m3] 

g = acceleration due to gravity of 9.797 [m/s2] 

hl = k
VOUT
2

2g
 ~ Energy lost from hose Inlet to hose Outlet in [m]. 

The hydraulic resistance constant “k” above was based on Ø70mm being an estimate of the 
internal diameter at the hose Outlet. 

Testing was conducted over 5 lengths of hose with the final result divided by 5 to provide the 
pressure drop for a single length of hose.  

Inputting of hl = k
VOUT
2

2g
  and POUT  = 0 into the above Bernoulli Energy equation and making 

“k” the subject of the equation provides: 

k = [
PIN
ρg
+
VIN
2  

2g
 + ZIN − ZOUT  −

VOUT
2

2g
 ] / (

VOUT
2

2g
)   ~ Equation J 

Equation J above was then used to calculate the individual values for “k (5 lengths)” in Table 
5 above, refer row 14, from which the “k (average 5 lengths)” value of “57.2” was calculated, 
refer row 15 in Table. 

4.4.3 Determination of Equation 7 using the Bernoulli Energy equation 

Inputting  hl = k
VOUT
2

2g
 into the above Bernoulli Energy equation and making PIN − POUT the 

subject of the equation provides: 

PIN − POUT = ρg [
VOUT
2

2g
−
VIN
2

2g
 + ZOUT  −  ZIN  +  k

VOUT
2

2g
]   [Pa] 

Inputting “k (average 5 lengths)” value of “57.2” (from row 15 of Table 5 above), ρ = 1000, g 
= 9.797, ZOUT = 0.43m,  ZIN  = 0.75m, and converting the units from [Pa] to [kPa] by dividing 
by 1000 provides: 

PIN − POUT = 9.797 [(58.2)
VOUT
2

2g
−
VIN
2

2g
 −  0.32]   [kPa]  ~ Equation K 

Next, to define PIN − POUT  in terms of flow Q in units of [L/s]: 
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If  Q = AV;  therefore   V2 = 
Q2

A2
  

And        VOUT
2 = 

Q2/10002

[
π(0.0702)

4
]
2         &       VIN

2 = 
Q2/10002

[
π(0.0652)

4
]
2      ~ (Q in L/s) 

Equation K:  PIN − POUT = 9.797

[
 
 
 
 
 

(58.2)

Q2/10002

[
π(0.0702)

4
]

2

2g
−

Q2/10002

[
π(0.065

2
)

4
]

2

2g
 − 0.32

]
 
 
 
 
 

 [kPa] 

Which reduces to: 

PIN − POUT = 1.92 ∗ Q
2   −  3.135 [kPa] for 5 lengths of hose. 

If this same hose test had been conducted on flat ground so that ZIN  =  ZOUT then the term 
“3.135” drops out of the above equation. Then, for a single length of FRNSW Ø70mm x 30m 
canvas lay-flat hose the above equation becomes: 

PIN − POUT = 1.92/5 ∗ Q
2   [kPa] 

Or,  ∆𝐏 = 𝟎. 𝟑𝟖 ∗ 𝐐𝟐   [𝐤𝐏𝐚]  ~ Equation 7 

Equation 7 can be used to predict the pressure drop due to flow resistance in units of kPa for 
a given fire flow in units of L/s for a single length of FRNSW Ø70mm x 30m canvas lay-flat 
hose laid on flat ground.  

4.4.4 Determination of Equation 8 using the simple pressure-drop equation 

Starting with the simple pressure-drop equation below: 

ΔP = kq x Q2 

Where:  ΔP =  Recorded 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 drop along 5 lengths of hose in [kPa] 

  kq = the hydraulic resistant constant for the particular component 

  Q = Recorded flow rate in [L/s] 

Re-arranging the simple pressure-drop equation to provide for kq: 

kq =
ΔP

Q2
  [kPa, L/s]   ~ Equation L 

Equation L above was then used to calculate the individual “kq (5 lengths)” values in Table 5 
above, refer to row 18, from which the “kq (average 5 lengths)” value of “1.91” was derived, 
refer to row 19 of the Table. 

Further, dividing the “kq (average 5 lengths)” value of “1.91” by 5 provided the “kq (average 
single length)” value of “0.38” for a single length of hose, refer to row 21 of the Table. 
Inputting this value into the simple pressure-drop equation provides:  

𝚫𝐏 = 𝟎. 𝟑𝟖 ∗  𝐐𝟐 [𝐤𝐏𝐚]  ~ Equation 8 

Equation 8 can also be used to predict the pressure drop due to flow resistance in units of 
kPa for a given fire flow in units of L/s for a single length of FRNSW Ø70mm x 30m canvas 
lay-flat hose laid on flat ground. 
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4.4.5 Results 

Note that both the Energy equation (Equation 7) and the simple pressure-drop equation 
(Equation 8) provided the same results. 

To demonstrate the close correlation between the discrete measured values and the two 
developed equations these values were entered in Figure 8 below. It is noted that the 
discrete measured values are for the pressure drop due to the hose and do not include 
elevation. 

 

Figure 8: Plot of discrete (measured) data versus developed pressure drop equation 
for flow along a single length of Ø70mm x 30m lay-flat hose 
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4.5 MHL Test results C4 (64 mm hose) 

The aim of this test was to develop equations that can be used to predict the pressure drop 
due to flow resistance for a given fire flow along a single length of RFS Ø64mm x 30m 
canvas lay-flat hose. Refer to Figure 9 for the test rig arrangement. 

 

 

Figure 9 MHL Figure 2-11: Test C3 and Test C4 setup 

4.5.1 MHL Test Results 

Table 6 below shows the results for Test C4 and has been reproduced from MHL Table 3-11: 
Test C4 results (64mm hose). It is noted that some slight modifications have been made to 
the table, such as additional descriptions included, to provide further clarification. 
 

 
* k is based on the ᴓ64mm ID of the hose outlet 

Table 6: MHL Table 3-11: Test C4 results (64mm hose) 

Note 1: Table 3-11 on page 28 of the MHL report advises that k was based on ᴓ64mm ID 
hose, however the calculations provided in the MHL table suggest that k was actually based 
on ᴓ65mm, as was the diameter at the inlet. For accuracy, the calculations in the table above 
in this document were calculated using k = ᴓ64mm at the hose outlet, with the inlet diameter 
being calculated on the nominal pipe diameter at the pressure gauge pipe; i.e. ᴓ65mm. 
However, it must be understood that the final equation (Equation 9) is the same regardless of 
whether ᴓ64mm or ᴓ65mm was used in the calculations. 

Note 2: Table 3-11 on page 28 of the MHL report does not include rows for the relative 
elevations of 0.75m and 0.43m for the hose Inlet and hose Outlet respective. The table 
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above is an expanded version of the MHL table that now includes additional rows to show 
these values for completeness only. However, these values are dropped out at the end of 
calculations to provide a final equation that is relative to the hose being laid on flat ground. 

Note 3: The term “Hydraulic head at truck” in the MHL report is the sum of pressure head 
and elevation. 

4.5.2 Determination of Equation M using the Bernoulli Energy equation 

Starting with the Bernoulli Energy equation below. 

PIN
ρg
+ 
VIN
2

2g
+ ZIN

⏟          
Energy In

 =  
POUT
ρg

+ 
VOUT
2

2g
+ ZOUT

⏟            
Energy Out

  + hl⏟
Energy lost

  

Where:  PIN = Pressure at the hose Inlet in [Pa] 

  POUT = Pressure at the outlet of the hose = 0 Pa 

  Diameter of pipe at the hose inlet pressure gauge = ᴓ65mm 

Diameter at the hose Outlet = ᴓ64mm 

  VIN = Velocity at the hose Inlet pressure gauge in [m/s] 

  VOUT = Velocity at the hose Outlet in [m/s] 

ZIN = 0.75 m = elevation of the hose Inlet above the datum height. 

ZOUT = 0.43 m = elevation of the hose Outlet above the datum height. 

ρ = water density of 1000 [kg/m3] 

g = acceleration due to gravity of 9.797 [m/s2] 

hl = k
VOUT
2

2g
 = Energy lost from hose Inlet to hose Outlet in [m]. 

The hydraulic resistance constant “k” above was based on Ø64mm being an estimate of the 
internal diameter at the hose outlet. 

Again, testing was conducted over 5 lengths of hose with the final result divided by 5 to 
provide the pressure drop for a single length of hose. 

Inputting hl = k
VOUT
2

2g
 and  POUT  = 0  into the above Bernoulli Energy equation and making “k” 

the subject of the equation provides: 

k = [
PIN
ρg
+
VIN
2

2g
 + ZIN − ZOUT  −   

VOUT
2

2g
] / (

VOUT
2

2g
)   ~ Equation M 

Equation M above was then used to calculate the individual values for “k (5 lengths)” in Table 
6 above, refer row 14. From which the “k (average 5 length)” value of “44.436” was 
calculated, refer row 15 in the Table. 

4.5.3 Determination of Equation 9 using the Bernoulli Energy equation 

Inputting hl = k
VOUT
2

2g
  into the above Bernoulli Energy equation and making PIN − POUT  the 

subject of the equation provides: 

PIN − POUT = ρg [
VOUT
2

2g
−
VIN
2

2g
 + ZOUT  −  ZIN  +  k

VOUT
2

2g
]   [Pa] 
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Inputting “k (average 5 lengths)” value of “44.436” (from row 15 of Table 6 above), ρ = 1000, 
g = 9.797, ZOUT = 0.43m,  ZIN  = 0.75m and converting the units from [Pa] to [kPa] by dividing 
by 1000 provides: 

PIN − POUT = 9.797 [(45.436)
VOUT
2

2g
− 
VIN
2

2g
 −  0.32]   [kPa]  ~ Equation N 

Next, to define PIN in terms of flow Q in units of [L/s] consider the following: 

If  Q = AV;  therefore   V2 = 
Q2

A2
  

And        VOUT
2 = 

Q2/10002

[
π(0.0642)

4
]
2    &       VIN

2 = 
Q2/10002

[
π(0.0652)

4
]
2      ~ (Q in L/s) 

 

Equation N: 

  PIN − POUT = 9.797

[
 
 
 
 
 

(45.436)

Q2/10002

[
π(0.0642)

4
]

2

2g
−

Q2/10002

[
π(0.065

2
)

4
]

2

2g
 −  0.32

]
 
 
 
 
 

 [kPa] 

Which reduces to: 

PIN − POUT = 2.15 ∗ Q
2  −  3.135   [kPa] for 5 lengths of hose. 

If this same hose test had been conducted on flat ground so that ZIN  =  ZOUT then the term 
“3.135” drops out of the above equation. Then, for a single length of FRNSW Ø64mm x 30m 
canvas lay-flat hose the above equation becomes: 

PIN − POUT = 2.15/5 ∗ Q
2   [kPa] 

Or,  ∆𝐏 = 𝟎. 𝟒𝟑 ∗ 𝐐𝟐   [𝐤𝐏𝐚]  ~ Equation 9 

Equation 9 can be used to predict the pressure drop due to flow resistance in units of kPa for 
a given fire flow in units of L/s for a single length of RFS Ø64mm x 30m canvas lay-flat hose 
laid on flat ground.  

4.5.4 Determination of Equation 10 using the simple pressure-drop equation 

Starting with the simple pressure-drop equation below. 

ΔP = kq x Q2 

Where:  ΔP =  Recorded 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 drop along 5 lengths of hose in [kPa] 

  kq = the hydraulic resistance constant for the particular component 

  Q = Recorded flow rate in [L/s] 

Re-arranging the simple pressure-drop equation to provide for kq: 

kq =
ΔP

Q2
  [kPa, L/s]   ~ Equation O 

Equation O above was then used to calculate the individual “kq (5 lengths)” values in Table 6 
above, refer to row 18. From which the “kq (average 5 lengths)” value of “2.1” was derived, 
refer to row 19 of the Table. 
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Further, dividing the “kq (average 5 lengths)” value of “2.1” by 5 provided the “kq (average 
single length)” value of “0.43” for a single length of hose, refer to row 21 of the Table. In-
putting this above value into the simple pressure-drop equation provides:  

𝚫𝐏 = 𝟎. 𝟒𝟑 ∗  𝐐𝟐   [𝐤𝐏𝐚]  ~ Equation 10 

Equation 10 can be used to predict the pressure drop due to flow resistance in units of kPa 
for a given fire flow in units of L/s for a single length of RFS Ø64mm x 30m canvas lay-flat 
hose laid on flat ground.    

4.5.5 Results 

Note that both the Energy equation (Equation 9) and the simple pressure-drop equation 
(Equation 10) provided almost the same results. 

To demonstrate the close correlation between the discrete measured values and the two 
developed equations these values were entered in Figure 10 below. It is noted that the 
discrete measured values are for the pressure drop due to the hose and do not include 
elevation. 

 

Figure 10: Plot of discrete (measured) data versus developed pressure drop equation 
for flow along a Ø64mm x 30m canvas lay-flat hose 
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4.6 MHL Test results C5 (Screw Valve Hydrant and Double Delivery) 

The aim of this test was to develop equations that could be used to predict the pressure drop 
due to flow resistance for a given fire flow across a screw valve hydrant / double delivery 
combination.  

This test considers the pressure drop due to flow resistance from the hydrant connection in 
the town main, through the screw valve hydrant / double delivery combination, through to the 
outlet of a FRNSW double delivery. 

The procedure and testing is equivalent to MHL Test C1 for the standpipe. The test rig 
arrangement is the same as Figure 2 except that a double delivery replaces the standpipe 
and a screw valve hydrant replaces the spring valve hydrant. 

4.6.1 MHL Test Results 

Table 7 below shows the results for Test C5 and has been reproduced from MHL Table 3-12: 
Test C5 results (screw valve hydrant and double delivery). It is noted that some slight 
modifications have been made to the table, such as additional descriptions included, to 
provide further clarification.  
 

 
* k is based on the 65mm ID of the Double Delivery outlet 

Table 7: MHL Table 3-12: Test C5 results (screw valve hydrant and double delivery) 

4.6.2 Determination of Equation P using the Bernoulli Energy equation 

Again, starting with the Bernoulli Energy equation below: 

PM
ρg
+ 
VM
2

2g⏟      
Energy in Mains

 =  
PD
ρg
+ 
VD
2

2g
 

⏟      
Energy at Double Delivery

  + hl⏟
Energy lost

  

Where:  PM = Pressure in the Mains adjacent to the hydrant in [Pa] 

  PD = Pressure at the outlet of the Double Delivery in [Pa] 

  Diameter of the water Main = ᴓ150mm 

Diameter of pipe at the Double Delivery pressure gauge = ᴓ65mm 

  VM = Velocity in the Mains in [m/s] 

  VD = Velocity at the Double Delivery pressure gauge in [m/s] 

  ρ = water density of 1000 [kg/m3] 

g = acceleration due to gravity [m/s2] 

hl = k
VD
2

2g
 = Energy lost from town Main to the exit of the Double Delivery [m]. 
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Note 1: Convention requires that the hydraulic resistance constant ‘k’ above should be based 
on the smaller of the internal diameters; i.e. that of the Double Delivery at Ø65mm. 

Note 2: As a differential pressure gauge was used during testing, the difference in elevation 
head between the main (ZM) and double delivery (ZD), was not calculated during the MHL 
testing, and therefore not included within the MHL report. For consistency, it has also not 
been included in the above Bernoulli Energy equation. However, the difference in elevation 
heads for ZM and ZD would need to be considered in any application of the hydraulic 
resistance constants. For example, if 1.2 m is the height from the main up to the outlet of a 
typical standard FRNSW screw valve hydrant and double delivery, a 1.2 m difference in 
elevation would need to be accounted for, i.e. 12 kPa. 

Inputting hl = k
VD
2

2g
 , & PIN − POUT  =  PDIFF (refer to row 2 of Table 7 above) into the above 

Bernoulli Energy equation and making “k” the subject provides: 

k = [
PDIFF
ρg

+
VM
2  

2g
 −  

VD
2

2g
] / 

VD
2 

2g
  ~ Equation P 

Equation P above was then used to calculate the “k (individual)” values in Table 7 above, 
refer to row 8. From which the “k (average)” value of “2.09 “was calculated, refer to row 9 of 
the Table. 

4.6.3 Determination of Equation 11 using the Bernoulli Energy equation 

Inputting hl = k
VD
2

2g
  into the Bernoulli Energy equation and making PM − PD  the subject of the 

equation provides: 

PM − PD = ρg [ 
VD
2 

2g
− 
VM
2  

2g
+  k (

VD
2 

2g
)] ~[Pa] 

Converting the units from [Pa] to [kPa] by dividing by 1000 (thus cancelling out ρ) provides: 

PM − PD =
ρg

1000
[(k + 1) (

VD
2 

2g
) −

VM
2  

2g
 ] ~ [kPa]   

Inputting the value for “k (average)” of “2.09” from row 9 of Table 7 above provides: 

PM − PD =
(3.09)VD

2 − VM
2

2
  [kPa] ~ Equation Q  

Next, to define (PM − PD ) in terms of flow Q in [L/s] consider the following: 

If Q = AV; therefore   V2 = 
Q2

A2
  

And        VD
2 = 

Q2/10002

[
π(0.0652)

4
]
2         &       VM

2 = 
Q2/10002

[
π(0.152)

4
]
2      ~ (Q in L/s) 

Equation Q above becomes:  PM − PD =

(3.09)
Q2/10002

[
π(0.0652)

4 ]

2  −  
Q2/10002

[
π(0.152)

4 ]

2

2
 [kPa] 

Which reduces to:     PM − PD =  0.14 ∗ Q
2 [kPa] 

Or ∆𝐏 =  𝟎. 𝟏𝟒 ∗ 𝐐𝟐 [𝐤𝐏𝐚]  ~ Equation 11 

Equation 11 can be used to predict the pressure drop due to flow resistance in units of kPa 
for a given fire flow in units of L/s when considering the system from the hydrant connection 
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in the town main, through the screw valve hydrant / double delivery combination, through to 
the outlet of a FRNSW double delivery. 

4.6.4 Determination of Equation 12 using the simple pressure-drop equation  

Starting with the simple pressure-drop equation below: 

ΔP = kq x Q2 

Where:  ΔP = recorded 𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡𝑖𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 drop from Mains to double delivery [kPa] 

  kq = the hydraulic resistance constant for the particular component 

  Q = Recorded flow rate in [L/s] 

Re-arranging the simple pressure-drop equation to provide for kq: 

kq =
ΔP

Q2
  [kPa, L/s]   ~ Equation R 

Equation R above was then used to calculate the “kq (individual)” values in Table 7 above, 
refer to row 10. From which the “kq (average)” value of “0.14“ was calculated, refer to row 11 
of the Table. 

Inputting the “kq (average)” value of “0.14” from row 11 of Table 7 above into the simple 
pressure-drop equation above provides: 

𝚫𝐏 = 𝟎. 𝟏𝟒 ∗ 𝐐𝟐 [𝐤𝐏𝐚]  ~ Equation 12 

Equation 12 can also be used to predict the pressure drop due to flow resistance in units of 
kPa for a given fire flow in units of L/s when considering the system from the hydrant 
connection in the water main, through the screw valve hydrant / double delivery combination, 
to the outlet of the double delivery. 
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4.6.5 Results 

Note that both the Bernoulli Energy equation (Equation 11) and the simple pressure-drop 
equation (Equation 12) provided the same results, implying that the Bernoulli Energy 
equation reduces to the simple pressure-drop equation. 

To demonstrate the close correlation between the discrete measured values and the two 
developed equations these values were entered in Figure 11 below. 

 

Figure 11:Plot of discrete (measured) data versus developed pressure drop equation 
for flow across a screw valve hydrant / double delivery combination 
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5 Results 
Based on the derivations in Section 4 from the Type C tests, a summary of the pressure drop 
due to flow resistance versus flow equations for various individual firefighting components is 
presented in Table 8 below. Please note that these constants are for the pressure drop due 
to flow resistance only, and do not account for any other losses, differences in elevation 
head, etc. 
 

Component Description 
Corresponding 

MHL test 
description 

Pressure Drop “ΔP” 
(kPa) due to flow 

resistance vs Flow 
Rate “Q” (L/s) 

FRNSW spring valve hydrant / 
standpipe combination 

MHL Test results C1 ΔP = 0.23 x Q2    Note 1 

FRNSW 1-into-2 breeching (both 
outlets open) 

MHL Test results C2 ΔP = 0.02 x Q2 

FRNSW 1-into-2 breeching (one 
outlet open) 

MHL Test results C2 ΔP = 0.07 x Q2 

FRNSW Ø70mm x 30m canvas lay-
flat hose on flat ground 

MHL Test results C3 ΔP = 0.38 x Q2 

RFS Ø64mm x 30m canvas lay-flat 
hose on flat ground 

MHL Test results C4 ΔP = 0.43 x Q2 

FRNSW screw valve hydrant / 
double delivery combination  

MHL Test results C5 ΔP = 0.14 x Q2   Note 1 

Table 8: Summary of expected pressure drop due to flow resistance versus flow 
equations for individual firefighting components 

Note 1: The difference in elevation head between the main and equipment being tested was 
not calculated during the MHL testing and therefore is not included in these derivations. The 
pressure drop from this equation is due to flow resistance only. 

 

It is noted, however, that the results provided from this testing are from measurements in a 
test environment which may not include all considerations necessary on a real fire ground, 
e.g. actual hose lay, mains pressure fluctuations, elevation differences, variations in 
equipment due to deterioration, repair processes or manufacturing tolerances, etc. 
Therefore, additional factors of safety are required to be considered. 
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6 Factors of Safety 
The hydraulic resistance constants ‘k’ were developed under controlled laboratory conditions. 
However, on the fire ground there are other factors that can negatively impact on a 
component’s ability to replicate the predicted pressure drops, and consequently the available 
flows. Therefore, factors of safety should be considered when using the test results.  

6.1 Hydraulic Resistance Constants 

6.1.1 Canvas Hose 

The laboratory developed hydraulic resistance constant ‘k’ for canvas hose was developed 
with the hose laid straight on the ground with no kinks. However, on the fire ground a straight 
hose lay would often not be possible. Therefore, preliminary testing was carried out by 
FRNSW to demonstrate that a factor of safety is required to be considered to account for 
more realistic hose lays on the fire ground. 

This preliminary testing involved flowing water through a Ø70mm x 30m hose laid out on the 
ground with deliberate kinks to replicate a more realistic potential fire ground hose lay. Refer 
to Figure 12 to see the extent of the kinks during the development of this factor of safety. A 
pressure drop of 76 kPa was recorded for a flow of 10 L/s through this hose. This is twice the 
pressure drop (at 10 L/s) for a straight hose, therefore demonstrating that a factor of safety 
should be considered. 

 

  

Figure 12: Canvas Hose Factor of Safety Testing 
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6.1.2 Standpipe/hydrant 

The laboratory developed hydraulic resistance constant ‘k’ for the standpipe/hydrant (ball 
valve) combination was developed using a new (and smooth) ball valve hydrant supplied by 
Sydney Water. However, there is documented evidence suggesting that as hydrants age 
they undergo a build-up of encrusted mineral deposits over the flow surfaces which 
increases the resistance to flow. Therefore, preliminary testing of older in-field street 
hydrants was conducted by FRNSW to ascertain potential differences from the laboratory 
determined hydraulic resistance constant ‘k’ value of 0.23. Limited testing to date has 
demonstrated a hydraulic resistance constant ‘k’ value of 0.34, or approximately 50% greater 
than the laboratory developed value. This also demonstrates the need to consider an 
appropriate factor of safety. 

6.1.3 Conclusion 

It is noted that the preliminary testing referred to above were approximate only. The intent 
was to demonstrate that significant variation can occur in the pressure loss of more realistic 
scenarios when compared to the laboratory developed tests. Further justification of the 
appropriateness of the factors of safety would be expected if the test results presented in the 
MHL report or this report are to be used. 

6.2 Minimum required pressure at the pump collector 

It must be noted that pressure at the compound gauge is back pressure to the available flow 
from the hydrant, and if this pressure is greater than necessary it will reduce the flow 
available to the fire pump and therefore the firefighters on the branch line. Contrary to this, if 
pressure at the pump collector goes too far negative it will cause the pump to cavitate. So, a 
balance was sought between avoiding a negative pressure and the need to not factor in 
excessive back pressure at the collector. 

When water is being supplied to a firefighting pumping appliance via a fire hydrant and 
canvas hose there are two mechanisms that can potentially cause pump cavitation. Firstly, if 
the residual pressure at the pump inlet is reduced to -70 kPa (as read on the compound 
gauge) cavitation will occur. Secondly, if the residual pressure in the lay-flat feed hose (as it 
enters the pump collector) drops to 0 kPa, the hose will collapse, and pump cavitation will 
occur.  

An example of the cavitation commencing due to low residual pressure at the pump inlet can 
be seen in Table 3-3 of Test A4 of the MHL report reproduced below in Table 9 (note the 
right-side column of the table corresponding to a flow of 17.2 L/s). Cavitation commenced at 
this large flow not due to the feed hose collapsing with 20 kPa at the pump collector “Pc”, but 
due to the pressure at the inlet to the pump dropping to -70 kPa, as read on the compound 
gauge. 
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Table 9: MHL Table 3-3: Test A4 results 

 

Alternatively, an example of the cavitation commencing due to low residual pressure in the 
lay-flat feed hose as it enters the pump collector can be seen in Table 3-4 of Test A5 of the 
MHL report reproduced below in Table 10 (note the right-side column of the table). Cavitation 
commenced here not due to the residual pressure at the inlet to the pump dropping to -50 
kPa on the compound gauge, but rather due to the feed hose collapsing at 0 kPa, as read on 
the collector pressure gauge termed “Pc” during the test. 

 

Table 10: MHL Table 3-4: Test A5 results 

 

It is noted that a lay-flat hose will not fully collapse until the pressure inside the hose is less 
than the pressure outside the hose, i.e. atmospheric pressure (0 kPa gauge pressure).  

However, running a pump with inlet pressures at the collector close to 0 kPa on the fire 
ground is not recommended. Some examples of this are that firstly, due to concerns for 
pump cavitation should there be an unexpected pressure drop in the mains due to additional 
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competition for water from other standpipes etc.  Secondly, should the branch operator 
unexpectedly adjust the flow setting on the branch to a higher flow setting this could 
potentially cause the pump to over-run supply and cause cavitation. A factor of safety is 
therefore needed in any calculations to address such concerns. 

Therefore, to safeguard against pump cavitation and to ensure firefighter safety on the 
branch lines, it is recommended that a minimum residual pressure be allowed for in 
calculations at the point where the hose attaches to the pump collector. This pressure is 
independent of flow rate and should be added to any calculation to determine the required 
residual pressure further upstream. 

Further work and development is required to determine the value of this minimum residual 
pressure. 

 

7 Conclusion 

The equations for various individual firefighting components presented in Table 8 can be 
used to predict the pressure drop due to flow resistance for a given fire flow when 
considering the various individual firefighting components tested and may be useful for a 
number of applications. 

Additional observations from the tests also provide further understanding on the issues of 
minimum pressures. 

It is noted however that the results provided from this testing are from measurements in a 
test environment which may not include all considerations necessary on a real fire ground, 
e.g. actual hose lay, mains pressure fluctuations, elevation differences, variations in 
equipment due to deterioration, repair processes or manufacturing tolerances, etc. 
Therefore, factors of safety should be considered when using the test results. 

Any use or application of the results in the MHL Report or this report should be discussed 
with the Fire Safety Policy Unit in FRNSW to ensure that the appropriate considerations are 
being made. 

 
 
 
 
 
 
 


