
C23	CLASSROOM	CHANNEL	
Problem	01	
	
There	is	an	external	gear	pump	(assumed	it	is	a	module	gear)	with	teeth	number		𝑍 = 13	,	
the	diameter	of	the	addendum	circle	 	𝐷! = 75	𝑚𝑚	,	the	distance	between	centre	points		
𝐴 = 65	𝑚𝑚	,		
gear	width		𝐵 = 35	𝑚𝑚	,	volumetric	efficiency		𝜂 = 90%	,	rotating	speed		𝑁 = 1500	𝑟𝑝𝑚.		
Calculate	the	flowrate	of	the	pump.	
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Estimate	the	volume	in	gear	pump:	
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There	are	2	common	equations	to	estimate	the	volume	
	
	

𝑉𝑜𝑙𝑢𝑚𝑒 =
𝜋
4
(𝐷! − 𝑑!) × (gear	width)	

	
	

Or	
	
	

𝑉𝑜𝑙𝑢𝑚𝑒 =
𝜋
2
(𝐷! − 𝑐!) × (gear	width)	

	
	
However,	the	first	equation	maybe	the	most	common	equation.	
	
	
	
	
Addendum	circle	diameter:	

𝐷! = 75	𝑚𝑚	
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Number	of	teeth:	

𝑍 = 13	
	
In	gear	pump,	both	gears	are	the	same	size.	
Center	distance	between	two	gears	is	equal	to	pitch	circle.	
	

𝐴 = 65	𝑚𝑚	
	
Module,		𝑚		can	be	calculated	as:	
	

𝑚 =
Pitch	circle	diameter
number	of	teeth

=
65
13

= 5		𝑚𝑚	
	
In	general,	for	module	gear,	addendum	is	equal	to	the	module	value.	
	

𝑚 = 𝑚𝑜𝑑𝑢𝑙𝑒 = 𝑎𝑑𝑑𝑒𝑛𝑑𝑢𝑚	
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𝑑𝑒𝑑𝑒𝑛𝑑𝑢𝑚 = 𝑎𝑑𝑑𝑒𝑛𝑑𝑢𝑚 + 𝑐𝑙𝑒𝑎𝑟𝑎𝑛𝑐𝑒 = 1.157 × 𝑚 = 5.785		𝑚𝑚	
	

𝑡𝑜𝑡𝑎𝑙	𝑑𝑒𝑝𝑡ℎ = 𝑎𝑑𝑑𝑒𝑛𝑑𝑢𝑚 + 𝑑𝑒𝑑𝑒𝑛𝑑𝑢𝑚 = 5 + 5.785 = 10.785		𝑚𝑚	
	
Diameter	of	dedendum	circle:	
	

𝐷" = 𝐷! − 2(𝑡𝑜𝑡𝑎𝑙	𝑑𝑒𝑝𝑡ℎ) = 75 − 2(10.785) = 53.43		𝑚𝑚	
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We	use	first	equation:	
	

𝑉𝑜𝑙𝑢𝑚𝑒 =
𝜋
4
(𝐷!# − 𝐷"#) × (gear	width)	

	

Volume	flowrate =
𝜋
4
(75# − 53.43#) × (35) × p

1500
60

q = 1,904,017.212			𝑚𝑚$/𝑠	
	

Volume	flowrate = 1.904			𝐿/𝑠	
	
with	volumetric	efficiency		𝜂 = 90%	
	

Volume	flowrate	actual = 1.904 × 0.9 = 1.7136		𝐿/𝑠	
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If	we	use	second	equation:	
	

𝑉𝑜𝑙𝑢𝑚𝑒 =
𝜋
2
(𝐷!# − 𝐴#) × (gear	width)	

	

Volume	flowrate =
𝜋
2
(75# − 65#) × (35) × p

1500
60

q = 1,924,475			𝑚𝑚$/𝑠	
	

Volume	flowrate = 1.924			𝐿/𝑠	
	

Volume	flowrate	actual = 1.924 × 0.9 = 1.7316		𝐿/𝑠	
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Problem	02	
	
A	lobe	pump	running	at	300	rpm,	is	pumping	soybean	oil	through	a	3.0	cm	diameter	pipe.	
The	pump	is	driven	by	a	motor	that	is	using	285	Watts.	Assuming	an	overall	pump	and	
motor	efficiency	of	65%,	what	is	the	pumping	rate	if	the	suction	and	discharge	pressures	
are	-35	and	160	kPa,	respectively.	
	
𝑃𝑜𝑤𝑒𝑟 = 𝜌𝑔𝑄ℎ = 𝜌𝑔ℎ𝑄 = ∆𝑃 ∙ 𝑄 = ~160 − (−35)� × 10$ × 𝑄 =195,000Q	
	

𝜂 = 0.65 =
195,000Q
285

	
	

𝑄 = 0.00095		𝑚$/𝑠 = 0.95		𝐿/𝑠	
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Problem	03	
	
A	two-lobes	rotary	positive	displacement	pump	moves	0.60	cm3	of	motor	oil	in	each	lobe	
volume.	For	every	90°	of	rotation	of	the	shaft,	one	lobe	volume	is	pumped.	If	the	rotation	
rate	is	550	rpm,	calculate	the	volume	flow	rate.	
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For	 every	 90°	 of	 rotation	 of	 the	 shaft,	 one	 lobe	 volume	 is	 pumped.	 For	 one	 complete	
rotation,	there	is	4	lobe	volume	has	been	transferred.	
	

𝑉"%&'() = 4 × 𝑉%&*( = 4(0.6) = 2.4			𝑐𝑚$	
	

𝑄 =
𝑉"%&'()
𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛

× (𝐿𝑜𝑏𝑒	𝑠𝑝𝑒𝑒𝑑)	
	

𝑄 =
2.4
1
× (550) = 1320			𝑐𝑚$/𝑚𝑖𝑛𝑢𝑡𝑒	
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Problem	04	
	
A	three-lobes	rotary	positive	displacement	pump	moves	0.60	cm3	of	motor	oil	in	each	lobe	
volume.	For	every	60°	of	rotation	of	the	shaft,	one	lobe	volume	is	pumped.	If	the	rotation	
rate	is	550	rpm,	calculate	the	volume	flow	rate.	
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For	every	60°	of	rotation	of	the	shaft,	one	lobe	volume	is	pumped.	We	have	3	lobes.	
	

𝑉"%&'() = 6 × 𝑉%&*( = 6(0.6) = 3.6			𝑐𝑚$	
	

𝑄 =
𝑉"%&'()
𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛

× (𝐿𝑜𝑏𝑒	𝑠𝑝𝑒𝑒𝑑)	
	

𝑄 =
3.6
1
× (550) = 1980			𝑐𝑚$/𝑚𝑖𝑛𝑢𝑡𝑒	

	


