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Tutorial	#2	Solutions	
	
Problem	1.	
	
Given:	
	

	
	
yA	=	30	m	
yB	=	18	m	
yC	=	9	m	
	
Hints:	
	

• net	discharge	at	junction	=	0	
• set	up	energy	question	for	each	pipe	to/from	the	junction	
• assume	values	of	HJ	
• calculate	discharge	at	junction	
• iterate	initial	assumption	until	inflow	=	outflow	

	
	
Solution:	
	
Assume	flow	directions:	
	

A	à		J					B	à		J					J	à		C	
	

Energy	equation	for	pipe	a:		
    	
	

𝑃!
𝛶 + 𝑦! +

𝑉!!

2𝑔 =
𝑃!
𝛶 + 𝑦! +

𝑉!!

2𝑔 + ℎ!" + ℎ!"	

	
	

0+ 𝑦! + 0 = 𝐻! + 0+ ℎ!" + 0	
	

𝑦! − 𝐻!  = ℎ!"	
	

30 𝑚 − 𝐻!  =
𝑉!!

2𝑔
𝜆!𝐿!
𝐷!
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Where:			
	
	

𝑉!!  =
𝑄!
𝐴!

!

    𝑎𝑛𝑑   𝐴! =  
𝜋𝐷! !

4   	

		
	

Thus:	
	

30 𝑚 − 𝐻!  =

𝑄!
𝐴!

!

2𝑔
𝜆!𝐿!
𝐷!

	

	
	

𝑄! =
30 𝑚 − 𝐻! ∗ 2𝑔𝐷! ∗

𝜋𝐷!! 
4

!

𝜆!𝐿!
	

	

𝑄! =
30 𝑚 − 𝐻! ∗ 2 ∗ 9.81𝑚𝑠! ∗ 1 𝑚 ∗ 𝜋 ∗ 1𝑚! 

4
!

0.014 ∗ 3000𝑚 	

	
	

𝑄! = 30 𝑚 − 𝐻! ∗ 0.287	à	Equation	#1	

	
	

Following	same	steps,	energy	equation	for	pipe	b:	
	

𝑄! =
18 𝑚 − 𝐻! ∗ 2𝑔𝐷! ∗

𝜋𝐷!! 
4

!

𝜆!𝐿!
	

	
	

𝑄! =
18 𝑚 − 𝐻! ∗ 2 ∗ 9.81𝑚𝑠! ∗ 0.45𝑚 ∗ 𝜋 ∗ 0.45𝑚! 

4
!

0.024 ∗ 600𝑚 	

	
	

𝑄! = 18 𝑚 − 𝐻! ∗ 0.0155	à	Equation	#2	
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Energy	equation	for	pipe	c:	
	

𝑃!
𝛶 + 𝑦! +

𝑉!!

2𝑔 =
𝑃!
𝛶 + 𝑦! +

𝑉!!

2𝑔 + ℎ!" + ℎ!" 	

	
	

𝑃!
𝛶 + 𝑦! + 0 = 0+ 𝑦! + 0+ ℎ!" + 0	

	
	

𝐻! − 𝑦! = ℎ!" 	
	

𝐻! − 9𝑚 =
𝑉!!

2𝑔
𝜆!𝐿!
𝐷!

	

	

𝐻! − 9𝑚  =

𝑄!
𝐴!

!

2𝑔
𝜆!𝐿!
𝐷!

	

	
	

𝑄! =
𝐻! − 9𝑚 ∗ 2𝑔𝐷! ∗

𝜋𝐷!! 
4

!

𝜆!𝐿!
	

	
	

𝑄! =
𝐻! − 9𝑚 ∗ 2 ∗ 9.81𝑚𝑠! ∗ 0.6𝑚 ∗ 𝜋 ∗ 0.6𝑚! 

4
!

0.020 ∗ 1000𝑚 	

	
‘	

𝑄! = 𝐻! − 9𝑚 ∗ 0.047	à	Equation	#3	

	
	

Continuity	Equation:		
	
	

𝑄! +  𝑄! +  𝑄! = 0		
	
	

Convention	is	(+)	into	junction,	(-)	out	of	junction	
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Thus,	continuity	equation	becomes:	
	
	

𝑄! +  𝑄! −  𝑄! = 0	
	
	

Assume	values	of	HJ	and	calculate	discharges:	
	
	

Initial	Assumption:	HJ	=	18	m	
	

Equation	#1	à	 𝑄! =  1.856 𝑚!/𝑠	
Equation	#2	à	  𝑄! =  0 𝑚!/𝑠	

Equation	#3	à	 𝑄! =  0.650 𝑚!/𝑠	
	
	

𝑄! +  𝑄! −  𝑄! = 0	
	

1.856 𝑚!/𝑠 +  0 𝑚!/𝑠 −  0.650 𝑚!/𝑠 = 1.206  𝑚!/𝑠  ≠ 0  
 
	
	

In	order	to	decrease	Qa,	and	increase	Qc,	HJ	must	be	increased	above	18	m.	This	will	
cause	HJ	to	be	higher	than	zB,	thus	the	flow	direction	will	be	reversed	to	J	à	B	in	
pipe	b.	
	
	
Energy	equation	for	pipe	b	with	reversed	flow:	
	

𝑃!
𝛶 + 𝑦! +

𝑉!!

2𝑔 =
𝑃!
𝛶 + 𝑦! +

𝑉!!

2𝑔 + ℎ!" + ℎ!"	

	
	

𝑃!
𝛶 + 𝑦! + 0 = 0+ 𝑦! + 0+ ℎ!" + 0	

	
	

𝐻! − 𝑦! = ℎ!"	
	
	

𝐻! − 18 =

𝑄!
𝐴!

!

2𝑔
𝜆!𝐿!
𝐷!
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𝑄! =
𝐻! − 18𝑚 ∗ 2𝑔𝐷! ∗

𝜋𝐷!! 
4

!

𝜆!𝐿!
	

	
	

𝑄! =
𝐻! − 18𝑚 ∗ 2 ∗ 9.81 𝑚!/𝑠 ∗ 0.45𝑚 ∗ 𝜋 ∗ 0.45𝑚! 

4
!

0.024 ∗ 600𝑚 	

	
	

𝑄! = 𝐻! − 18𝑚 ∗ 0.0155	à	New	Equation	#2	

	
	
	
Iterate	assumptions	for	HJ:	
	
	

Iteration	#2:	HJ	=	25	m	
	

Equation	#1	à	 𝑄! =  1.198 𝑚!/𝑠	
Equation	#2	à	  𝑄! =  0.329 𝑚!/𝑠	
Equation	#3	à	 𝑄! =  0.867 𝑚!/𝑠	

	
	

𝑄! +  𝑄! −  𝑄! = 0	
 
	

1.198 𝑚!/𝑠 − 0.329 𝑚!/𝑠 −  0.867 𝑚!/𝑠 = 0.001 𝑚!/𝑠 ≈ 0 
 
	
	

Reasonably	close	to	0,	thus	answer	is	acceptable.	
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Problem	2.	
	
Given:	
	

	
	
Hints:	
	

• if	flow	in	a	pipe	is	clockwise	direction,	then	𝑞!  and	ℎ!" 	are	considered	
positive,	if	the	flow	goes	against	the	clockwise	direction,	𝑞!  and	ℎ!" 	are	
considered	negative	

• calculate	head	losses	in	each	loop,	iterate	Hardy	Cross	Method	until	equal	to	
zero	over	loop	and	net	flow	at	junctions	is	zero	

	

	
	
Solution:	
	
Assume	initial	discharge	values	for	each	pipe	such	that	continuity	is	satisfied:		
	
	
	
	
	
	
	
	

	



CVG	3116	:	Hydraulics	 	 Professor	:	Dr.	Rozalina	Dimitrova	

Calculate	hf	in	each	pipe,	sample	calculations	for	Pipe	AB:	
	
	

𝑘!
𝐷!" =

6×10!! 𝑚
0.25 𝑚 = 2.4×10!!	

	
	

𝑉!" =
𝑞!"
𝐴!"

=
𝑞!"

𝜋 𝐷!" !

4

=
0.12𝑚

!

𝑠
𝜋 0.25 𝑚 !

4

= 2.445 𝑚/𝑠	

	
	
	

𝑅𝑒!" =
𝑉!"𝐷!"
𝜈 =

2.445𝑚/𝑠×0.25𝑚
1.13×10!!𝑚!/𝑠 = 5.41×10!	

	
	

𝐹𝑟𝑜𝑚 𝑀𝑜𝑜𝑑𝑦 𝐷𝑖𝑎𝑔𝑟𝑎𝑚 →  𝜆!" = 0.0158 	
	
	

ℎ!!!" =
𝜆!"𝐿!"𝑉!"!

2𝑔𝐷!"
=
0.0158×600 𝑚×(2.445 𝑚/𝑠)! 

2× 9.81 𝑚
𝑠! ×0.25 𝑚 

= 11.58 𝑚	

	
	
Sample	for	calculating	𝛿𝑞 increment	for	next	iteration:	
	

𝛿𝑞 = −
ℎ!"

2 
ℎ!"
𝑞

= −
−34.452 𝑚

2×1205.287 𝑠
𝑚!

= 0.014 𝑚!/𝑠	

	
	

𝑞 = 𝑞!"!#!$% + 𝛿𝑞 = 0.12𝑚!/𝑠 + 0.014𝑚!/𝑠 = 0.134𝑚!/𝑠	
	
	
Repeat	process	for	all	pipes	in	Loop	#1,	determine	𝛿𝑞	and	alter	discharge	values:	
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After	1st	iteration	of	Loop	#1,	repeat	process	for	Loop	#2	using	values	calculated	for	BE	in	
Loop	#1:	
	
	

	
	
	
Perform	2nd	iteration	on	Loop	#1	using	value	for	BE	calculated	in	Loop	#2:	
	
	

	
	

	
Repeat	procedure	until	acceptable	tolerance	is	achieved	(i.e.	 h!" < 0.01m)	

	
	

Final	Iteration:	
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Thus:	
	

Pipe	 AB	 BC	 CD	 DE	 EF	 AF	 BE	
Length	(m)	 600	 600	 200	 600	 600	 200	 200	
Diameter	(m)	 250	 150	 100	 150	 150	 200	 100	

Discharge	(𝒎𝟑/𝒔)	 0.131	 0.047	 0.007	 0.024	 0.048	 0.088	 0.025	
Frictional	Head	

Loss	(m)	 13.84	 25.01	 1.54	 6.70	 27.03	 6.67	 19.85	

	
	

	


