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In 1990 I completed a research project (Fire Magazine UK - November 1992) that evaluated the operational 
capability of fire fighting hand-line streams as used by London Fire Brigade. At that time we had main-line 
options of 45mm (1 3/4") hose-lines with 12.5mm (1/2") nozzles and 70mm (2 3/4") hose-lines with either 
20mm (3/4") or 25mm (1") nozzle options. One of the basic laws of physics - Newton's third law - states 
that for every action there is an equal and opposite reaction. Quite simply, to the firefighter this means 
that as water is projected from a nozzle to form a 'jet' or firefighting stream, the nozzle tends to recoil in 
the opposite direction. This effect, termed nozzle or jet reaction (or kick-back) requires the firefighters at 
the nozzle to exert sufficient effort into over-coming this reaction force. The entire force of this reaction 
takes place as the water leaves the nozzle and whether or not the fire stream strikes a nearby object has 
no effect on the reaction. Thus, whether or not a hose-line's stream is allowed to strike a wall whilst a 
firefighter is working it from the top of a ladder is immaterial to his stability on the ladder, which is 
governed solely by the reaction at the nozzle. 

By evaluating maximum flow capability for a hose-line that could be effectively directed and safely 
handled whilst advancing and working inside a fire-involved structure It was observed that there was a 
maximum nozzle reaction force that could be handled by one, two and three firefighters as follows -  

One firefighter - 266N (60 lbf) 

Two firefighters - 333N (75 lbf)

Three firefighters - 422N (95 lbf)

These were interesting findings and from these I was able to establish baseline flows for interior 
firefighting operations. To achieve this it became necessary to take acceptable pumping practice into 
consideration without contravening the limitations placed upon european pumps, hoses and equipment 
available at that time. This resulted in baseline flows of 277 lpm (73 gpm) on 45mm hose-lines with 
12.5mm nozzles, 650 lpm (172 gpm) on 70mm hose-lines with 20mm nozzles and 750 lpm (200 gpm) on 
70mm hose-lines with 25mm nozzles, as advanced by two-man crews.

However, these 'base-line' flows were rarely, if ever, achieved in practice as tradition had established a 
base-line pumping pressure of 3-4 bars (45-60 lbs psi) to which a small adjustment may have sometimes 
been made for frictional loss and pressure head. Actual firefighting flow-rates were in fact far lower than 
had been previously thought. - Ref: SRDB Codes of the period.

Interestingly, similar research has been carried out by other fire departments, notably San Francisco, Los 
Angeles and Chicago, who proposed that a safe and practical baseline flow for a workable firefighting hand-
line would be around 550 lpm (150 gpm). More recently (1996), the City of St. Petersburg in Florida USA 
have established that, for their purposes, the ideal baseline flow is around 600 lpm (160 gpm) using a 
7/8" (22mm) nozzle with a 50 lbs psi nozzle pressure on a 45mm (1 3/4") hose-line. This set-up will create 
an acceptable reaction force of 266N (60 lbf) and offers a hose-line that is easily advanced and 
maneuvered for interior position. 

However, the change to combination fog/straight-stream or automatic nozzles brings a demand for higher 
nozzle pressures to achieve similar flows and with that comes an increased reaction force. A baseline flow 
of 600 lpm (160 gpm) being discharged from a combination/automatic type nozzle operating at 7 bars (100 
psi) NP will produce a reaction force of 356N (80 lbs lbf) which would cause a two-man team to struggle 
with any workable advance of the line. There are combination/automatic nozzles available that have been 
adjusted to provide rated flows at lower nozzle pressures but be sure to test these yourself as 
manufacturer's 'rated' flows are sometimes unachievable! Top US branded nozzles must meet the stringent 
demands of NFPA standards and Low-Pressure combination nozzles are able to achieve their rated flow-
rates at factory-set nozzle pressures of just 5 bars. This would enable a flow of 600 lpm (160 gpm) to be 

http://www.firetactics.com/NOZZLE-REACTION.htm (1 of 4)9/4/2006 1:58:13 PM

http://www.firetactics.com/primary.htm
http://www.firetactics.com/TEC-JARGON.htm
http://www.firetactics.com/CONTACTS.htm
http://www.firetactics.com/HOMENEWS.htm
http://www.firetactics.com/TACTICAL-FIREFIGHTING.htm
http://www.firetactics.com/TACTICAL%20VENTILATION.htm
http://www.firetactics.com/HIGH-RISE.htm
http://www.firetactics.com/FIREFIGHTER'S-GUIDE.htm
http://www.firetactics.com/GAS-COOLING.htm
http://www.firetactics.com/PPV.htm
http://www.firetactics.com/US-NAVY.htm
http://www.firetactics.com/FLASHOVER.htm
http://www.firetactics.com/TRAINING.htm
http://www.firetactics.com/FIREENGINEERING-1.htm
http://www.firetactics.com/FIRECHIEF93-1.htm
http://www.firetactics.com/ARGUS-2-TIC.htm
http://www.firetactics.com/PUBLICATIONS-FT.COM.htm
http://www.firetactics.com/STRATEGY&TACTICS.htm
http://www.uq.net.au/~zzsraffe/index.html
http://www.fire.org.uk/
http://www.firetactics.com/EUROPE.htm
http://www.firetactics.com/SODERHAMN.htm
http://www.firetactics.com/COMPARTMENT-FLOW-RATES.htm
http://www.firetactics.com/COMPARTMENT-FLOW-RATES.htm
http://www.firetactics.com/GREAT-LINKS.htm
http://www.firetactics.com/FDNY-TRIBUTE-11SEPT2001.htm
http://www.firetactics.com/DOWNLOAD.htm
http://www.firetactics.com/KINGSCROSS.htm
http://www.firetactics.com/FLASH-NZLE-TECHS-2000.htm
http://www.firetactics.com/FIRE-MODELING.htm
http://www.webtrendslive.com/redirect.asp?siteID=100212
http://www.webtrendslive.com/redirect.asp?siteID=100212
http://www.webtrendslive.com/redirect.asp?siteID=100212
http://www.webtrendslive.com/redirect.asp?siteID=100212
http://www.firetactics.com/COMPARTMENT-FLOW-RATES.htm
http://www.firetactics.com/COMPARTMENT-FLOW-RATES.htm
http://www.webstat.com/









