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PREFACE 

The Division recognizes a special responsibility 
to assist government departments and agencies both federal 
and provincial with problems coming within the scope of its 
work. It has for some time been assisting the Associate 
Committee on Forest Fire Protection, upon which all provinces 
are represented, in the testing and evaluation of forestry 
fire hose. The work which is now reported grew in part out of 
current deliberations over specification requirements with 
regard to permissible hose leakage, 

For the planning of firefighting operations it is 
necessary to know what flow of water at what pressure can be 
obtained with given equipment under given conditions, Tables 
already exist that supply this information, but in their 
calculation the effect of percolation or leakage has been 
neglected. It recently became apparent that modern develop- 
ments in the field of computing devices make it practicable 
to calculate flows and pressures for unlined hose, which is 
widely used in Canada for forest fire protection, while 
taking into account the loss of water by leakage, When this 
was pointed out, interest was shown and arrangements were 
accordingly made to develop such information. 

The author of this report is a research officer 
with the Fire Section of the Division, 

Ottawa 
February 1960 

IT. B. Hutoheon 
Assistant Director 



WATER FLOWS AND PRESSURES OBTAINABLE 

WITH FORESTRY PUMPS AND HOSE 

by 

G. Williams-Leir 

The o b j e c t i v e s  of t h e  work now repor ted  a r e  
t h r e e f o l d :  

1. To supply information necessary  t o  compile t a b l e s  of 
water  f lows and p ressu res  f o r  f i g h t i n g  f o r e s t  f i r e s .  

2. To a s s i s t  those  respons ib le  f o r  t h e  choice of f i r e -  
f i g h t i n g  equipment. 

3 .  To a s s i s t  those  respons ib le  f o r  prepar ing  s p e c i f i c a t i o n s  
f o r  l i n e n  f i r e  hose. 

1. The use fu lness  of t h e  j e t  of water  d i r e c t e d  by a  f i r e -  
f i g h t e r  i s  l i m i t e d  by t h e  volume of f low and t h e  p ressu re  
a v a i l a b l e  a t  t h e  nozzle.  These i n  t u r n  a r e  governed by t h e  
c h a r a c t e r i s t i c s  of t h e  pump, t h e  hose,  and t h e  nozzle ,  by 
t h e  d i s t a n c e  h o r i z o n t a l l y  and v e r t i c a l l y  t h a t  t h e  water  has  
t o  be t r a n s p o r t e d ,  and by t h e  atmospheric pressure  a t  t h e  
pump, which a f f e c t s  t h e  engine output .  I n  f o r e s t  f i r e f i g h t i n g ,  
water  i s  o f t e n  pumped f o r  long d i s t a n c e s ,  s o  t h a t  f o r  optimum 
deployment of r e sources  t h e  f i r e f i g h t e r  needs t o  h o w  t h e  
r e s u l t  of c a l c u l a t i o n s  t h a t  can h a r d l y  be done on t h e  spot .  
Figures  3 t o  45 show t h s  f l o w s  and p ressu res  of water  t h a t  may 
be expected from c e r t a i n  pumps, l e n g t h s  and t y p e s  of hose,  
nozzles ,  and g rad ien t s .  Figures  46 and 47 a r e  examples of  how 
t h e  same information can be rearranged i n  a  form t h a t  may be 
more convenient t o  t h e  f i r e f i g h t e r .  

2. Many f a c t o r s  must be considered i n  t h e  choice of equipment. 
I n  p a r t i c u l a r ,  t h e  dec i s ion  whether t o  use l i n e n  o r  rubber- 
l i n e d  hose depends upon a  balance between s e v e r a l  cons ide ra t ions ,  
inc lud ing  weight,  i n i t i a l  c o s t ,  l eakage ,  f r i c t i o n  l o s s ,  and 
hea t  endurance. The leakage from l i n e n  hose se rves  t o  p r o t e c t  
it from damage when it h a s  t o  be dragged over  ground where 
embers of a f i r e  a r e  s t i l l  smouldering. However, a  p r i c e  has  
t o  be paid f o r  t h i s  p r o t e c t i o n  i n  terms of l o s s  of water  p ressu re  
r e s u l t i n g  from leakage and increased  f r i c t i o n .  Rubber-lined . 
hose has about h a l f  t h e  f r i c t i o n  l o s s  and s u b s t a n t i a l l y  no 
leakage. Given an  es t ima te  of t h e  l e n g t h  of hose l i k e l y  t o  be 
needed t h e  information given i n  Figs.  48 t o  56 makes it p o s s i b l e  
t o  e s t ima te  how much e x t r a  hose and pumping c a p a c i t y  w i l l  be 
needed f o r  a given water  power a t  t h e  f i r e  i f  l i n e n  hose i s  
decided on. 



3 .  I n  preparing spec i f ica t ions  f o r  l i n e n  f i r e  hose an upper 
l i m i t  must be s e t  t o  t he  pennissible leakage from hose. Too 
low a l i m i t  w i l l  mean r e j e c t i o n  of serviceable  hose; too  high 
a l i m i t  w i l l  mean t h a t  flow w i l l  diminish t o  a t r i c k l e  over 
too sho r t  a hose l i n e .  The r e s u l t s  of t h e  work t o  be des- 
cr ibed a r e  thought t o  ind ica te  t h a t  t h e  permissible leakage 
i s  appropriate a s  s t i pu l a t ed  i n  t he  current  spec i f i ca t i on ,  
13-GP-la, of t h e  Canadian Government Specif ica t ions  Board (10).  

RELATION OF THIS STUDY TO PREVIOUS WORK 

Water flows and pressures have already been tabula ted 
f o r  a va r i e ty  of condit ions by Macleod (1). This work made no 
allowance f o r  leakage, and r e l i e d  on the  conclusion of Hewson 
( 2 )  t h a t  f o r  new hose and pressures below 200 pounds per  square 
inch leakage was negl ig ible .  Modern pumps, however, can give 
pressures i n  excess of t h i s  value and thus  can d e l i v e r  usefu l  
amounts of water through longer lengths  of hose. The main 
di f ference  between the  present  work and t h a t  of Macleod i s  t h a t  
leakage has been allowed f o r ,  a leakage equal t o  t h e  maximum 
permitted by the  spec i f i ca t i on  having been assumed i n  a l l  cases.  
Since hose t h a t  has been accepted w i l l  normally be b e t t e r  than  
t h e  worst acceptable,  t h e  r e s u l t s  given a r e  conservative,  and 
t h e  flows and pressures obtained i n  p rac t ice  should be somewhat 
b e t t e r  than those tabu la ted ,  a t  l e a s t  u n t i l  t h e  hose has 
de te r io ra ted  with age and service .  

Calculat ions have confirmed t h a t  leakage is i n  f a c t  
neg l ig ib le  f o r  shor t  l i n e s  of hose up t o  say 1000 f e e t .  A t  
t h e  o ther  extreme, on long hose l i n e s  a point  i s  reached where, 
through f r i c t i o n  l o s s  and leakage, t h e  water power ava i lab le  i s  
so  low t h a t  the  l i n e  i s  not  worth laying. However, t he re  i s  
an important range between these  extremes within which a usefu l  
amount of water can be obtained even though the  r a t i o  of leakage 

t o  nozzle flow i s  appreciable.  

Since leakage has been allowed f o r ,  t h e  flows and 
pressures indicateci a r e  i n  a l l  cases lower than those i n  
Macleod's t a b l e s .  For good new hose t h e  r e s u l t s  found i n  prao- 
t i c e  may well  be neare r  t o  Macleod's, e spec ia l ly  f o r  shor t  
l i n e s .  

Analyt ical  so lu t ions  f o r  o ther  problems s imi l a r  t o  
but  d i s t i n c t  from t h e  leaky hose problem have been published 
by Olson f o r  t h e  case of laminar flow with leakage proport ional  
t o  t he  square roo t  of pressure ( 3 ) ,  and by Richardson f o r  
laminar f l o w  with leakage proport ional  t o  pressure ( 4 ) .  



SOURCES OF EQUATIONS AND CONSTANTS 

The f i rs t  e s s e n t i a l  i s  t o  know the  output of t h e  
combination of a  motor and a. pump. This i s  given by a  charac- 
t e r i s t i c ,  a  graph i n  which pressure del ivered i s  plo t ted  aga ins t  
flow. I n  t he  exploratory s tage  of t he  work the re  was no reason 
t o  p re fe r  any p a r t i c u l a r  pump and the  c h a r a c t e r i s t i c  f o r  pump 
B was used. 

When the  procedure had been worked ou t ,  a  decis ion 
had t o  be made regarding t h e  choice of pumps f o r  which t h e  main 
ca lcu la t ions  would be done. Advice on t h i s  point  was sought 
and received t o  t h e  e f f ec t  t h a t  pumps of types W and D were t h e  
most widely used. Type W pump i s  t he  one most commonly pro- 
cured a t  present f o r  use i n  f o r e s t r y  se rv ice ;  type D pumps, 
although no longer being made, a r e  a l s o  s t i l l  i n  wide use, I n  
view of t h i s ,  pumps of types W and D were used f o r  t he  ca lcula-  
t i o n s ,  

Pumps B and D a r e  those so re fe r red  t o  i n  Macleodts 
repor t  ( I ) ,  from which t h e i r  c h a r a c t e r i s t i c s  were taken, The 
c h a r a c t e r i s t i c  f o r  pump W was taken from a  repor t  by Sharp ( 3 ) ,  
The conditions under which t h i s  was determined were: " In le t :  
2-inch pipe, After  muddy water t e s t . "  This p a r t i c u l a r  charac- 
t e r i s t i c  was se lected so t h a t  the  r e s u l t s  would be t y p i c a l  of 
a  pump t h a t  had seen some se rv ice  r a t h e r  than of a new one, 

Elevation a t  Pumw 

If a  pump i s  operat ing considerably above sea l e v e l  
t h e  e f f ic iency  of t h e  gasoline engine dr iv ing  it i s  reduced. 
Charac te r i s t i cs  f o r  pumps B and D a r e  ava i lab le  (1) f o r  two 
d i f f e r e n t  e levat ions ,  sea l e v e l  and 4,000 f e e t .  Apart from 
using the  appropriate c h a r a c t e r i s t i c ,  t h e  ca lcu la t ions  a r e  
unaltered.  

Hose W i c t i o n  

The equation of Colebrook and White (6) f o r  f r i c t i o n  
l o s s  i n  rough pipes i s  a s  follows: 

1 - = -2 log  
Jf' 10 ( "  f;id + R-~F 2*51 ) 

where f = t h e  Darcy-Xeisbach f r i c t i o n  f a c t o r  

i n  t h e  same u n i t s  
d  = = diameter rou*ess) 

R = Reynolds nuuber 



This equation may be used t o  co-ordinate t h e  
r e s u l t s  of various experimenters. Roughness has been 
calcula ted from t h e  f r i c t i o n  lo s se s  reported f o r  various 
s i z e s  of hose (Table I ) .  The ca lcu la t ion  was s impl i f ied  
by working from t h e  highest  p a i r  of values i n  each t a b l e  
quoted and neglect ing t h e  second term on t h e  right-hand 
s ide  of  Equation ( I ) ,  which i s  small a t  the  h igher  Reynolds 
numbers. Nominal diameters were used. 

TABLE - I 

ROUGHNESS OF UNLINED FIRE HOSE 

. 
Reference 

Underwriters! Laboratories 
as reported by U n g  (7 )  

NPPA t a b l e s  (8) 

d i t t o  

d i t t o  

d i t t o  

J*F. m y  ( 9 )  

d i t t o  

d i t t o  

'D.T. Hewson ( 2 )  

M. Marchetti  (12) 

d i t t o  

d i t t o  

Diameter 
( inches)  

2.5 

1.25 

1.5 

2.0 

2.5 

1.75 

2.75 

3.5 

1.5 

1.77 

2.76 

3.94 

Roughness 
( inches)  

.018 

.019 

.018 

.021 

.024 

.038 

.040 

.046 

.021 

.090 

el17 

-086 



The hemp hose used i n  Marchett i ts  experiments and 
the hose used by my i n  h i s  t e s t s  would appear t o  be s igni -  
f i c a n t l y  rougher than t h a t  used by other workers. The other 
measurements agree i n  indicating a roughness close t o  0,02 
inch, If t h i s  value i s  then applied i n  Equation (1) f o r  1i- 
inch hose the pressure drops ' in  the first l i n e  of Table I1 
a r e  obtained, If, a s  before, the  second term i n  Equation (1) 
i s  neglected, E = 0,02 inch, leads t o  f = 0.0419 i n  the  
Darcy-Weisbach formula : 

where h = f r i c t i o n  head ( f e e t )  

L = length of hose ( f e e t )  

Qc = rate of f l o w  (cubic f e e t  per second) 

D = diameter ( f e e t )  

This leads t o  the values tabulated i n  the  second l i n e  of 
Table 11. Hewson's experimental r e s u l t s  ( 2 )  follow i n  the 
t h i r d  l i n e ,  and the  fourth  contains values calculated from 
Equation ( 3 ) ,  based on the  ~azen-ivilliams equation and the 
MFPA table .  

where p = pressure (pounds per square inch) 

x = distance ( f e e t )  

Q = flow (imperial gallons per minute) 

F = 2 x f o r  unlined hose, o r  0.92 x f o r  
rubber-lined hose. 

For flows up t o  60 gallons per minute the  discre-  
pancies between the different  values a r e  not serious,  Equation 
( 3 )  was used i n  the compu-bations t o  be described. 



TABLE I1 

COMPARISON OF FORMULAE FOR FRICTION LOSS 

IN UNLINED HOSE 

Extrapolated 

Gravity Head 

t 

Flow 
(imperial gallons per minute) 

The reduction"in pressure on moving one foot upwards 
in stationary water is 62.4/144 or 0.434 pounds per square 
inch. If water is being pumped up a gradient, this effect 
may be allowed for by increasing the pressure. loss from friction 
by k sin oLpounds per square inch per foot run of hose, where 
u radians is the inclination of the hose to the horizontal 
and k = 0.434. 

20 

4.4 

4.3 

5.4 

5.1 

'h-essure drop 
per 100 feet 
of hose, ac- 
cording to : 

Thus friction and gravity loss may together be 
represented by: 

Equation (1) 

Equation (2) 

Hewson ex- 
periments (2) 

Equation (3) 

= - F Q ~  - k sin a 

40 

17.4 

17.1 

18.5 

18.4 

Hose Leakage 

For rubber-lined hose, leakage may be treated as 
negligible. 

60 

38.8 

38.5 

39% 

38.8 

Hewson's measurements of leakage of linen hose as 
a functicn of pressure are somewhat confounded with the effect 
of wetting, since he started each series of tests with dry hose. 

80 

69.5 

68.4 

- - 

66.2 



An est imate may be made, however, by comparing t h e  l a s t  
leakage measurement before each pressure increase with t he  
measurement immediately following. Averacing t h e  r a t i o  f o r  
e igh t  p a i r s  of values i n  each case ,  a r a t i o  of 7.55 is  
found between leakage a t  200 and a t  100 pounds per  square 
inch and of 5.33 between leakage a t  300 and a t  200 pounds 
pe r  square inch. If a  r e l a t i onsh ip  of t h e  following form 
i s  assumed: 

(where m and n  a r e  constants)  then the  index n  i s  determined 
a s  3.36. 

It remains t o  est imate m. It i s  des i rab le  t h a t  t he  
ca lcu la t ions  t o  follow should have a  conservative bas i s .  
Accordingly a  value of m has been used such t h a t  t h e  hypothe- 
t i c a l  hose f o r  which the  ca lcu la t ions  a r e  exact  i s  one t h a t  
only jus t  complies with t he  current  spec i f i ca t i on  ( l o ) ,  t h a t  
is ,  one tha-t has exact ly  t h e  maximum permitted leakage, as 
determined under t h e  condit ions l a i d  down. Most accepted 
hose comes well  within t he  maximum and consequently shou-ld 
give b e t t e r  d e l i v e r i e s  than those tabula ted i n  Pigs. 3  t o  45. 

The leakage a-t 200pounds per  square inch 
governs: 0.5 imperial f l u i d  ounces per  f o o t  per  minute, 

m = 5.8 x 10 
-11 

whence 

The ava i l ab l e  information does not  permit g r ea t  
confidence i n  t h e  value chosen f o r  n ,  and one-figure accuracy 
i s  a l l  t h a t  can be expected. 

If we s e t  n  = 3, m becomes 4 x 10- 
10 

Effec t  of Wetting Time on Leakage 

Another important f a c t o r  governing t h e  behaviour 
of unlined. l i n e n  hose i s  t h e  length  of time s ince  f i r s t  
wett ing the  hose. I n i t i a l l y ,  l i n e n  hose i s  very leaky, but  
a s  t h e  f i b r e s  absorb water and swel l  they gradually reduce 
t h e  s i z e  of t h e  i n t e r s t i c e s .  The current  spec i f i ca t i on  (10) 
s t i p u l a t e s  t h a t  leakage be measured a t  200 pounds pe r  square 
inch from 27 minutes t o  37 minutes a f t e r  f i r s t  wett ing the  
hose. Thus t he  m value,  and consequelitly a l l  r e s u l t s  derived 
f o r  l i n e n  hosc, may be talren a s  appl icable  t o  hose t h a t  has 
been exposed t o  vlrater f o r  about h a l f  an hour. Before t h i s  t he  
leakage w i l l  be g r e a t e r  and the  de l ivery  l e s s ;  a f t e r  ha l f  an 
hour t h e  reverse  should apply, though any f u r t h e r  improvement 
i n  de l ivery  w i l l  probably be small. 



Nozzle Dischargg 

If frictional losses are neglected, it may be 
shown from first principles that: 

where Q is the volume per unit time of a liquid of density 
s driven through a nozzle of diameter d by a pressure p, all 
in centirnetre-gram-second units. 

Introducing a coefficient of discharge c to allow 
for friction, converting to engineering units, and restricting 
the discussion to water: 

A coefficient of discharge 0.98 has been assumed 
for all sizes of nozzle in calculating the "nozzle curves" 
shown in Figs. 3 to 45. 

SOLUTIONS 

Let p and Q take the values po and Qo at the pump, 

where n = 0; and pn and g, at the nozzle, 

where x = xn. 

These quantities are related by Equations (4) and 
(5) and by the following: 

From Equation (6) 

(where a = 24.9 x 0.98) 

For the pump characteristic, 

Solution For Rubber-lined Hose 
- 

Where leakage is negligible, 

m = o, 

= Qo, and Equations (4.) and (5) are readily 
solved: 



A t  t he  nozzle: 

- 
Pn - Po - xn ( F Q ~  + k s i n  4 )  (11) 

2 2 
= (Qo /ad  1 (12)  

2 2 4  Theref ore,  po = Qo / a  d  + xn (FQ: + k s i n  d) (13) 

Equations ( 9 )  and (13) now describe t h e  problem, For each 
s e t  of values of o(, xn, and d ,  a curve may be p lo t t ed  of 

Qo aga ins t  po from Equation (13).  The in t e r sec t ion  w i t h  t h e  

pump c h a r a c t e r i s t i c ,  Equation ( 9 ) ,  i s  t he  so lu t ion  f o r  po and 

Qo 
= a; pn may then r ead i ly  be found from Equation (12).  

Solution f o r  t he  Case of Linen Hose 

The ana ly t i ca l  so lu t ion  f o r  zero leakage i s  no* 
ava i lab le  f o r  l i nen  hose, where leakage cannot be neglected. 
When m i s  not  zero t he re  i s  no longer a  simple so lu t ion  t o  
t h e  simultaneous d i f f e r e n t i a l  Equations (4)  and ( 5 ) .  

The problem i s  well  su i t ed  t o  so lu t ion ,  however, 
by means of an  e l ec t ron ic  analogue computer. I n  t h e  c i r c u i t  
(Fig. 1) consider  t h e  funct ion switch F 1 t o  be i n  t h e  down 

posi t ion.  Wen po/4 i s  fed  i n  a t  P10 it is applied a s  an  

iaiael condition t o  R2 a& a t  t h e  same time Qo i s  produced 

by t h e  funct ion generator  Pn which i s  s tored t h e  pump charac- 
t e r i s t i c ,  Equation (9 ) .  Considering the  output of A2 t o  be 
P/4, t he  expression on t h e  right-hand s ide  of Equation ( 5 )  
i s  generated i n  DFG 2 and %hen in tegra ted  by A 1  producfng Q. 
Thence a  po t en t i a l  represent ing Q i s  fed  36 DPG 4. The output,  
a f t e r  mult iplyine by a constant  f o r  t he  f r fc%ion  f a c t o r  of 
t h e  hose, and adding one o r  o ther  of t h e  constant  p o t e n t i a l s  
from P5 and F6 f o r  the  e r av i ty  head, i s  the  right-hand s i d e  
of E ua%ion ( 4 ) .  \Then t h i s  i s  in tegra ted by A2 t h e  output 
i s  ~ 7 4 ,  a s  postulated above, thus  completing a  loop. 

Pressure and f l o w  a r e  thus  represented by po ten t ia l s ;  
and s ince  the  i n t eg ra t ions  were performed w i t h  respect  t o  
t ime, time represents  d is tance  along t h e  hose l i n e .  The 
r e s u l t s  could have been presented by causing a recorder  t o  



p lo t  each of these  po ten t i a l s  aga ins t  time. It was more 
convenient, however, t o  p lo t  pressure and flow aga ins t  one 
another ,  and t o  superimpose a time marker each second t o  
represent  a  given increment of d is tance  along the hose; t h e  
remainder of t he  c i r c u i t  e x i s t s  t o  generate t h i s  marker, 
It is  deliverkd through P11, which a d j u s t s  i t s  s f ee ,  t o  
funct ion switch F3, wllich permits it t o  be applied a s  a  
hor izon ta l  o r  v e r t i c a l  b l i p ,  vhichevsr w i l l  show bes t  on 
t h e  record. 

The operat ing procedure was a s  follows. S t a r t i n g  
w i t h  an a r b i t r a r i l y  chosen value of po, t h e  so lu t ion  was 

examined u n t i l  e i t h e r  p o r  Q approached zero. It was. then 
repeated with a new value of p , on t h e  same recorder  
cha r t  lmtil s u f f i c i e n t  of t h e  range of possible values was 
f i l l e d  i n .  

The locus of t h e  f i rs t  b l i p  on each cume then 
represen ts  condit ions a t  a  uniform dis tance  along the  hose, 
s p e c i f i c a l l y ,  500 f c e t  from the  pump. It i s  i n  e f f e c t  a 
c 'na rac te r i s t i c  f o r  t he  combination of a pump and 500 f e e t  of 
hose. Similar ly  t h e  locus of t h e  second b l i p  represents  
1000 f e e t  along t h e  hose and so on. 

These l o c i  a r e  t h e  downward-sl-oping curves i n  Figs. 
3 t o  45; they  w i l l  henceforth be ca l l ed  "hose curvestt. O n  
each graph a family of parabolas has been superimposed, 
represent ing Equation (8)  f o r  a range of nozzle diameters d,  
Czl l ine  these  t'nozzle curvest', it w i l l  be seen t h a t  each 
in t e r sec t ion  of 3. hose curve and a nozzle curve represents  
a so lu t ion  of t h e  problem, 

Onse t h e  computer has been s e t  up f o r  t h e  l i n e n  
hose problem it i s  a simple ma.tter t o  arrange function 
switch F1 so t h a t  t he  constants  can he adjus ted t o  those  

appropr ia te  f o r  rubber-lined hose. Though, a s  al ready shown, 
this problem can be solved ri4thou-t a  computer, it i s  much 
more quickly solved mi-th one, and consequently each  case was 
worked out f o r  each of t he  two types of hose. The r e s u l t s  
f o r  r -~bber - l ined  hose, ~111ich can be independently checked 
provide valuable reassurance of -the cor rec t  functioning of 
t h e  computer on both problems. 

1. Graphs a t  Constant Gradient 

Consider any one of t he  graphs i n  Figs. 3 t o  45. 
Suppose t h a t  water i s  beins  pumped u p h i l l  a height  v 



vertically though a length x of hose. The gradient is then 
v/x. Each case has been worked for five gradients from nil 
to approximately 16 per cent. Having found the graph 
appropriate to the type of pump, the elevation at the pump, 
the type of hose, and the gradient, first select the hose 
curve appropriate to the distance from pump to nozzle, and 
then select the nozzle curve appropriate to the size of nozzle. 
Where the hose curve and the nozzle c i m e  intersect, both the 
pressure at the nozzle and the flow through the nozzle may 
be determined. 

This is the form in which it has been practical to 
compute the results. However, it is possible to present 
the same information in a form more convenient to the user. 
If the results are to be presented on two-dimensional graph 
paper the required quantity may be shown as a function of 
not more than two independent variables, with all other 
parameters held constant. 

For instance, in each of Figs. 3 to 45, flow is 
shown as a function of pressure and length of hose or length 
of hose and nozzle size with gradient, type of hose, and 
type of pump held constant. A solution is available for 
just five values of gradient, and since the position where 
water is needed is not under the operator's control, inter- 
polation will be necessary in most cases. Thus it is more 
convenient to present flow as a function of gradient and 
length of hose, with pressure and other parameters held 
constant. The independent variables are equivalent to hori- 
zontal and vertical distance from pump to nozzle, and in Pigs. 
46 and 47 flow is showr'in.terms of these distances. 

Graphs at Constant Pressure 

Figures 46 and 47 give information on the conditions 
under which 20 pounds per square inch will be attained at 
'the nozzle. For each nozzle size the limiting distance and 
lift may be read off, and since flow and length of stream 
both depend only on nozzle size and pressure both these uanti- 
ties can be marked on each curve as well as nozzle size ?the 
relationship giving length of stream being that given by 
Hewson (11)). 

Twenty pounds per square inch was chosen as a useful 
firefighting pressure, but graphs for other pressures can be 
computed just as readily. 

In the case of rubber-lined hose, the graphs at 
constant pressure may be derived from the treatment above, 
as follows: 



From Zquation (11) 

Let h and v be the horizontal and vertical co-ordinates of 
a point on a nozzle curve such as those in Fig. 46; then 

v = xn sin d, and, so long as d is small, 

Substituting, we have the equation of the nozzle curve: 

Since pn is constant along each nozzle curve, and therefore 

Qo and po are constant also, this equation indicates that the 

nozzle curves are straight lines passing through 

Figure 46 was obtained in this way. 

The same result could have been obtained by trans- 
posing the data shown in Pigs. 8 to 12, subject to some 
possible error. For linen hose transposition is the only 
method available. 

In the case that has been worked, Pig. 47, the 
points appear to fall on a family of straight lines reasonably 
similar to those found for the rubber-lined hose. This 
greatly facilitates the interpolation. 

As an example of the use of these curves, suppose 
that water is needed at a point 3000 feet from the source 
and 250 feet up. With linen hose a 3/8-inch nozzle must be 
used and 15 gall.ons a minute is obtained; with rubber-lined 
hose a &inch nozzle can be used and 27 gallons a minute are 
obtained, assuming that a pressure of 20 pounds per square 
inch is necessary in each case. 

Similar graphs can readily be prepared for other 
pumps, elevations, and nozzle pressures. 



3. Waterpower Curves 

The water power at the nozzle, or the rate at which 
the stream of water could do work if suitably harnessed, 
can be expressed in horsepower as: 

For instance, 50 gallons per minute at 30 pounds per square 
inch represents about 1 horsepower. If a single figure is 
required. to represent the merit of a set of conditions, the 
waterpower may serve. 

The computer circuit can readily be rearranged to 
generate this product, as shovm in Fig. 2; only the four 
connections shown by dashed lines need be altered. The 
computer then plots waterpower against distance for any 
value of initial pressure po that is fed in. By repeating 

this operation with a series of values of po an envelope is 

built up representing the maximum available waterpower 
for the conditions, i.e., the power available if exactly the 
optimm size of nozzle were used. 

Figures 48 to 53 give these envelopes. 

The information provided by these curves may be 
used in various ways, of which examples are given in Mgs. 
54 to 56. These graphs show maximum waterpower available 
if linen hose is used as a proportion of what it would be if 
rubber-lined hose were used. It will be seen that for short 
distances - say up to 1000 feet - the penalty for using 
linen hose is not great; but at a mile less than half-the 
waterpower is available. When this knowledge is weighed 
against the well-born advantages of linen hose - heat endurance, 
for example - an informed decision can be taken on which type 
of hose should be procured for a given service. 

The author is grateful to Mr. J. C. Macleod of the 
Department of Northern Affairs and National Resources for 
much helpful advice, the Division of Mechancial Engineering 
for the use of their PACE computer, and to the Engineering 
Analysis and computation Group for assistance in its operation. 
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HORIZONTAL DISTANCE - THOUSANDS OF FEET 

FIGURE 47 

LIMIT ING DISTANCES AND RISES AT WHICH 2 0  LBS/IN' PRESSURE CAN BE 

HAD AT NOZZLES OF VARIOUS SIZES (FOR PUMP W AT SEA LEVEL W I T H  

L I N E N  HOSE) 





1000 2 0 0 0  3 0 0 0  4 0 0 0  5 0 0 0  6 0 0 0  

DISTANCE ALONG HOSE - FEET 

FIGURE 49 

MAX. WATERPOWER AT NOZZLE: PUMP W AT SEA LEVEL,  R U B S E E L I N E D  HOSE 







1000 2 0 0 0  3000 4 0 0 0  5 0 0 0  6 0 0 0  

DISTANCE ALONG HOSE -FEET 

FIGURE 52 

MAX. WATERPO'WER AT NOZZLE: PUMP D AT 4000 FT. ELEVATION. LINEN HOSE 



1000 2 0 0 0  3 0 0 0  4 0 0 0  5 0 0 0  6 0 0 0  

DISTANCE ALONG HOSE - FEET 

FIGURE 53 

MAX.  WATERPOWER AT NOZZLE PUMP D AT 4000 F T  ELEVATION. RUBBER-LINED HOSE 





HORIZONTAL DISTANCE (THOUSANDS OF F E E T )  

FIGURE 55 




