PIPES AND CISTERNS : .
In previous classes, we have studied about the concepts of time .and vYork. Pipes a.n'd cisterns are
related to time and work. Pipes and cisterns problems are asked in various competitive exams.

To solve the problems of pipes and cisterns, we should understand the terms given below.

Inlet: An inlet is a pipe which is connected with a tank or a cistern or a reservior which fills it.

Outlet or Leak: An outlet is a pipe which is connected with a tank or a cistern or a reservior
which empties it.

Basic Concepts and Formulae
(1) If an inlet pipe can fill a tank in x hours, then part of the tank filled by pipe in 1 hour = L,

X
(if) If an outlet pipe can empty a tank in y hours, then part of the tank emptied by pipe in
1

1 hour = —.
y

(iti) If a pipe can fill a tank in x hours and another pipe can empty the full tank in y hours, then
on opening both the pipes together:

Case I. When y > x.

Thepartofthetankﬁlledinlhour=l—l.
By
The time taken to fill the tank = —Z—.
y—x
Case IL. When x > y.
The part of the tank emptied in 1 hour = 2 g
. ye
The time taken to empty the tank = ¥
==y
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(iv) Ifa pipe can fill the tank in x hours and another pipe can fill the same tank in y hours, then
on opening both the pipes together:

—

The part of the tank filled in 1 hour = % + -
y

The time taken to fill the tank = s
Xty

(v) If a pipe can fill the tank in x hours and another pipe can fill the same tank in y hours but
a third pipe can empty the full tank in z hours, then on opening all the pipes together:

The part of the tank filled in 1 hour = %+§—l.

Z

The time taken to fill the tank = e,
yz+2x — XY

- ILLUSTRATIVE EXAMPLES

......................................................................................

Example 1. A pump can fill a tank with water in 20 minutes and another pump can fill the same tank in
30 minutes. If both the pumps are opened together, then how much time will be taken to fill the tank
completely?

Solution. Part of the tank filled by first pump in 1 minute = 515 :

Part of the tank filled by second pump in 1 minute = 515 ;
Part of the tank filled by both the pumps in 1 minute

_i+_1__i+_2_l
o0 280~ B0 TR

. The time taken to fill the tank = 12 minutes.

Example 2. A pipe can fill the tank in 3 hours and another pipe can empty the full tank in 4 hours. If both
the pipes are opened togethet, then find how much time will they take to fill the tank?

Solution. Part of the tank filled by first pipe in 1 hour = 4

Part of the tank emptied by second pipe in 1 hour =

3
1
b
1

12

=

Part of the tank filled by both the pipes in 1 hour = % -
~. The time taken to fill the tank = 12 hours.

Example 3. A pump can fill a tank with water in 3 hours because of a leakage in the tank it took 3% hours to

fill the tank. How much time will it take for the leakage to drain all the water of the full tank?
Solution. Let leakage in the tank take x hours to drain the full tank, then

part of the tank emptied by the leakage in 1 hour = -31; :

Part of the tank filled by the pump in 1 hour = % ;

When both pump and leakage are working, then since due to leakage it took 3% hours i.e.
1
?0 hours to fill the tank, so part of the tank filled in 1 hour = % (given).
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~ The leakage will take 30 hours to drain the full tank.

Example 4. Two pipes A and B together can fill a tank in 10 minutes, If pipe A takes 15 Mminutes

less ¢}
to fill the tank alone, then find the time taken by pipe B to fill the tank alone. i

Solution. Let pipe B fill the tank in x minutes, then pipe A will fill the tank in (x - 15)

Minuteg
L )
x x-15 10
2x—15 1 2
= =— =x°-15x = -
x(x-15) 10 5x =20x - 150

= x2-35x+150=0
= (x-30)(x+5)=0
= x=30

(v x5
Hence, B alone will fill the tank in 30 minutes.

Exalr}ple 5. Pipt? Acan fill the tank 2 times faster than pipe B. If both pipes A and B running together cqy,
fill the tank in 24 minutes, find how much time wil] pive B alone take to fill the tank?

Solution. Let B alone fill the tank in x minutes, then A alone will fill the tank in % minutes,
i ) 1 SR |

—_—t—_—= —_ =

x x 24 X 4
= x=72
Hence, B alone will fill the tank in 72 minutes.

Example 6. Pipes A and B can fill a tank in 6 hours and 8 hours respectively. Pipe C can empty it in
12 hours. If all the three pipes are opened together, find the time in which the tank can be filled.

Solution. Part of the tank filled by pipe Ain 1 hour = % :

—

Part of the tank filled by pipe Bin1hour= -,

oo

Part of the tank emptied by pipe Cin 1 hour = % ;

Part of the tank filled by A, B and C in 1 hour = % + % - %
_4+3-2_5
24 24

Time taken to fill the tank = % hours = 4% hours.

Example 7. Two pipes can fill a cistern in 8 and 12 hours respectively. The pipes are opened sinzultmzemgly
and it takes 12 minutes more to fill the cistern due to leakage. If the cistern is full, what will be the time

taken by the leakage to empty it?

.- B
Solution. Part of the cistern filled by both the pipes in 1 hour = é— hiel =

So, time taken by both the pipes to fill the cistern = 2—54 hours = 4 h 48 min.
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Now, time taken to fill the cistern due to leakage =4 h 48 min + 12 min =5 hours.

So, part of the cistern filled by both the pipes and the leakage in 1 hour = L
=

1

Part of the cistern emptied by the leakage in 1 hour
24 5 120°

Hence, time taken by the leakage to empty the full cistern = 120 hours.

Example 8. A cistern can be filled by two Pipes Aand B in 12 minutes and 15 minutes respectively. Another
tap C can empty the full tank in 20 minutes, If the tap C is opened 5 minutes after the pipes A and B are

opened, find when the cistern becomes full?
1

_+_’

Solution. Part of the cistern filled by the pipes A and B in one minute =
12 15

PartofthecistemfilledbythepipesAandBin5n:1inutes=5,(l+ij =55 27 _3
12 15 4°

So, remaining part of the cistern =1 - == %

1 4 X :
So, = part of the cistern will be filled by A, B and C= % x10= 7 minutes
2
= 2 minutes 30 seconds.
Hence, the cistern will becomes full in 5 minute + 2 min 30 sec. = 7 min 30 sec.

Example 9. A cistern can be filled by an inlet pipe in 20 hours and can be emptied by an outlet pipe in
25 hours. Both the pipes are opened. After 10 hours, the outlet pipe is closed, find the total time taken to

fill the cistern.
Solution. Part of the cistern filled by the inlet pipe in 1 hour = 5"

Part of the cistern emptied by the outlet pipe in 1 hour = 5

Part of the cistern filled when both the pipes are opened in 1 hour o

Part of the cistern filled when both the pipes are opened in 10 hours = 10 (% - %) = %

Lint 9

Remaining part of the cistern =1 - 0
9
Time taken by the inlet pipe to fill the remaining part of the tank = (Tﬁ X 20) hours = 18 hours.

So, total time taken to fill the tank = (10 + 18) hours = 28 hours.
Example 10. A tank is fitted with 3 taps A, B and C. All the three taps, if opened together can drain the full

3 4
tank in 12 minutes. Taps B and C takes 2 minutes to drain the tank while A and C together take 2 =
2

minutes to drain it. How long will taps A and B together take to drain the tank?
Solution. Let the time taken by taps A, B and C to drain the full tank alone be x minutes, y minutes

and z minutes respectively, then

+—+

R | =
N | =
]

| =
N || =
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ie l+l+l=—2—
x ¥y z: 83
(i)
y z <«(if)
11 1
and ;+;-—-3_—0
13
i gty
x z -+.(iif)

Operating 2 x (i) — (ii) - (iii), we get

2(1+1+1)_(1+1J_(1+1)=é_1_E
x5 .Y Z y z X2 3.2 230

— l+l=\40"15_13=1_2=3.
Xy 30 0 5

< Time taken by taps A and B to drain the tank together = g min =2 min 30 sec.

Example 11. Two pipes A and B can fill a tank in 30 minutes and 45 minutes respectively. Both pipes A gng
B are opened together for some time and then pipe B is turned off. If the tank is filled in 20 minutes,

find after how many minutes the pipe B is turned off?

Solution. Part of the tank filled by A in 1 minute = 3—10 ;

Part of the tank filled by B in 1 minute = %

Let pipe B be turned off after t minutes, then

1o 1
Ly [ty O - — =
(30+45)+(20 Hx 35=1

Ay t(3+2) K 60 — 3¢t i

90 90

= 5t+60-3t=90=2t=30
= t=15.
Hence, pipe B is turned off after 15 minutes.

Example 12. Three pipes A, B and C are installed to fill a tank. Pipes A and B opened together can fill the
tank in the same time in which C can alone fill the tank. If pipe B can fill the tank 15 minutes faster than
pipe A and 5 minutes slower than pipe C, then find the time required by pipe A to fill the tank alone.

Solution. Let A alone fill the tank in ¢ minutes,
then B alone will fill the tank in (¢ — 15) minutes
and C alone will fill the tank in (¢t — 15 - 5) i.e. (t — 20) minutes.

. According to given,
1 1 1

t t—-15 t-20

p=15 447 = =]
t(t-15) t-20

= (2t-15)(t-20)=¢(t-15)
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242 - 55¢ + 300 = t2 — 15¢

t2 - 40t + 300 =0

(t-10) (t-30) =0

t =30, t = 10 (neglecting) (" £>20)
Hence, the time required by pipe A to fill the tank = 30 minutes.

R U

Example 13. Two pipes can fill a tank in 20 minutes and 24 minutes respectively and a waste pipe can empty

3 gallons of water per minute. If all the three pipes working together can fill the tank in 15 minutes, find
the capacity of the tank.

Solution. Let the waste pipe take t minutes to empty the full tank.
According to given,

ol ool ol
20 24 t 15
1-+%1 1 1
— —-___.+.._._.___
t 20 24 15
1 6+5-8
= _=
t 120
1 3
= -=— =t=4
120 L

~ Volume of water emptied by the waste pipe in 1 minute = 3 gallons

So, volume of water emptied by the waste pipe in 40 minutes = 3 x 40 = 120 gallons.
<. The capacity of the tank = 120 gallons.

Example 14. Three pipes A, B and C can fill a tank together in 8 hours. After working at it together for

2 hours B is closed and A and C can fill the remaining part in 9 hours. Find the time in which B alone
can fill the tank.

Solution. Part of the tank filled by A, B and C in 1 hour =

Part of the tank filled by A, B and C in 2 hours =

&
4

®|N ®|=
=

Remaining part =1 -

E
i
In 9 hours A and C can fill = % part of the tank

BT

- InlThour Aand Ccanfill = Zx;: T part of the tank.

Now, B’s 1 hour work = (A + B + C)’s 1 hour work — (A + C)’s 1 hour work
1 1 1

8§ 12 2
Hence, B alone can fill the tank in 24 hours.

B exercise 1.4

®eesscconsoce tesvvscscces ®0ceccssvvccccs evvcsccccsvsccce Y Y Y T YN eecccnoe ®eccscseerccssvvecee

1. Two pipes A and B can fill the tank in 24 minutes and 36 minutes respectively. If both the
pipes are opened together, then find the time in which the tank will be filled completely.

2. Apipe can fill a tank in 20 minutes and another pipe can empty the same tank in 60 minutes.

If both the pipes are opened together, then find how much time will they take to fill the
tank?
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6. Pipe A can fill the tank 3 times faster than pipe B- If

: inutes respec
7. Two pipes A and B can fill a cistern in 32 minutes and 48 min

8. Two pipes A and B can fill a tank in 20 hours and 16 ho

3. Apipe can fill a tank in 40 minutes. Due to a leakage in the bottom it took 60 minutes to fi]]

the tank. How much time will it take for the leakage to empty the full tank?

1 :
; = hours to fill
4. A pump can fill a tank with water in 2 hours. Because of a leakage it took 25 P the

i f the full tank?
tank. How much time will it take for the leakage to drain all the water 0

; :»e A takes 5 minutes lesg
5. Two pipes A and B running together can fill a tank in 6 minutes. If pipe

‘ i i : (il the tank alone:
than B to fill the tank, find the time taken by pipe B tc; i i,
i ke to fill the tank alone?

; i1l pipe Ata
36 minutes running together, find how much time will pipe ivelst Both the pipes

ind when pipe B must be
. o B is turned off. Fin p1p
are opened together for some time and then pipe b 15

. : . inutes?
turned off so that the cistern gets filled in 24 minute urs resPectively. Pipe B alone is kept

ining time. Find the time
open for 1 th of time and both pipes are kept open for the remaining
4

required to fill the tank.

i + respectively. A pipe C can empty the
9. Two pipesAandBcanﬁllatankm 5 hour and 1 hour resp

y i ﬁll th
taI lk m 2 I | . oW 1O k t

empty tank?

10. Two pipesAand Bcan £l a tank in 20 minutes and 60 minutes respectively. There is an outlet
. Twopi

ipe C at the bottom of the tank. If all the three pipes are opened t:flfthzrr 1i(’ci;oo:l ggemmutes
foI;ill the tank. Find the time taken by outlet C to empty the full tank w g !

11. Three pipes A, Band C can fill a tank in 72 minutes. If all the three pipes remain opened for

36 minutes and then pipe C is closed it took 1 hour more to fill the tank by pipes A and B.
Find the time required to fill the tank by pipe C alone.

12. Two pipes P and Q can fill a tank in 60 minutes and 30 minutes respectively. Third pipe R

drains 5 litres of water per minute. If all the three pipes are opened it took 2 hours to fill the
tank. Find the capacity of the tank.

13. Atankis filled by three pipes with uniform flow. The first two pipes operating simultaneously
41 the tank in the same time during which the tank is filled by third pipe alone. The second
pipe fills the tank 5 hours faster than the first pipe and 4 hours slower than the third pipe.
Find the time required by first pipe to fill the tank alone.

14. Three pipes A, B and C can fill a tank in 5 hours working simultaneously. The pipe C is
twice as faster B and B is twice as fast as A. How much time will pipe A alone take to full the
tank?

15. Two taps A and B can fill a tank in 4 and 6 hours respectively. The pipes are opened

simultaneously and it takes 6 minutes more to fill the tank due to leakage. If the tank is full,
then find the time taken by the leakage to empty the tank.

16. A tank can be filled by two inlet pipes P and Q in 15 minutes and 20 minutes respectively.

Another outlet pipe R can empty the full tank in 24 minutes. If outlet pipe R is opened
6 minutes after the pipes P and Q are opened, find the total time to fill the tank.

17. Three pipes A, B and C can fill a tank together in 2 hours. Pipes B and C take 3 hours to fill

the tank, while pipes A and C take 4 hours to fill the tank. Find the time taken by each pipe

to fill the tank alone.
Answers vl
1. 14 min 24 sec e
5. 15 : 34 3 S G &
9. 24 ml-nu:es 12minutes 8. 10hours
inutes 11. 3hours 12. 120 litres
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