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Summary :
The purpose of this experiment is allow us to better usderstand the key concepts of linear momentum theory, continuity equations, pressure and velocity change. However, jet pump will be used in this experiment to explain theorys and analyses these effects. As we know Jet pump is a machine which pumps air with high velocity and no move mechanical components. And suction is expressed (due to high velocity of air) as the height of liquid water on the tube corresponding to the place of the velocity on the jet pump. At the end of the experiment, we will be asked to calculated the static and stagnation pressures, velocities and mass flow rates for calculate the efficiency value of pump.


NOMENCLATURE:
ρair  = 1.2 kg/m3
ρwater= 1000 kg/m3
Pp : high velocity pressure (Primary Pressure)
Ps : Ambient pressure (Secondary pressure)
Pstat
Pstag
Vp : Primary Velocity.
Vs : Secondary Velocity.
Vout : Velocity after mixing. At the outlet
Mout : mass flow rate out of CV
Vout : Velocity out of CV
Pout : Pressure out of the CV
G : gravity
H : height
Ms : mass flow rate of ambient flow
Mp : mass flow rate of high velocity flow.

Flow analysis:
 Calculate Static Pressure ()

Tube # 18, 19, and 20 are all open-air condition as reference level. To calculate static pressure, with the Throttling Valve inside and out side, the hydrostatic equation can be used. 
	

 Calculate Primary inlet velocity ()

Dynamic coefficient equation and dynamic pressure equation were involved into calculating the inlet velocity. 

	



	

	

	By plug equation 3.2.1 into equation 3.2.4, the following equation can be converted. 
	

 Primary inlet pressure in gauge ()

	Converge the equation from the lab manual.


 Secondary inlet velocity ()
The equipment in this lab is a bell-mouth, which means it is open to the atmosphere. Therefore, applying Bernoulli’s equation to get . 

, 

	
 Secondary inlet pressure in gauge ()

	 is the static pressure at tap 2, hence:
	

 Average inlet velocity (theoretical)

Apply continuity law,
	
In this case,  

So,
	

 Velocity at pitot tube (V)

	[3.7.1]
	By manipulating Stagnation pressure equation 3.7.1, the following equation can accrue.

	

 Mass flow rate (theoretical)

	

 Mass flow rate (experimental)

	

 Predicted pressure at tap 17

	Theoretically, 
	
Therefore, the linear momentum equation was converted to the following equation 3.10.2

	


Table1
	
	TEST1
	TEST2

	NAME
	PITOT
	STATIC
	PITOT
	STATIC

	1
	110
	88
	120
	114

	2
	121
	88
	130
	110

	3
	122
	88
	131
	108

	4
	124
	88
	129
	105

	5
	125
	88
	128
	104

	6
	109
	88
	126
	103

	7
	95
	88
	125
	102

	8
	85
	87
	123
	101

	9
	81
	87
	121
	100

	10
	79
	87
	120
	99

	11
	78
	87
	118
	100

	12
	78
	87
	116
	10

	13
	78
	87
	115
	100

	14
	78
	87
	114
	100

	15
	78
	87
	114
	99

	16
	78
	87
	114
	99

	17
	78
	87
	112
	98

	18
	120
	87
	114
	98

	19
	120
	87
	114
	99

	20
	120
	132
	114
	128

	Pc1
	       126
	142










	　
	inside
	outside

	Manomiter #
	Hight
	Static Pressure (Pa)
	Hight
	Static Pressure(Pa)

	1
	110
	101383.86
	117
	101315.19

	2
	118
	101305.38
	124
	101246.52

	3
	118
	101305.38
	124
	101246.52

	4
	118
	101305.38
	123
	101256.33

	5
	120
	101285.76
	122
	101266.14

	6
	116
	101325
	121
	101275.95

	7
	108
	101403.48
	120
	101285.76

	8
	104
	101442.72
	119
	101295.57

	9
	100
	101481.96
	118
	101305.38

	10
	98
	101501.58
	117
	101315.19

	11
	98
	101501.58
	116
	101325

	12
	98
	101501.58
	115
	101334.81

	13
	98
	101501.58
	115
	101334.81

	14
	98
	101501.58
	114
	101344.62

	15
	98
	101501.58
	114
	101344.62

	16
	98
	101501.58
	113
	101354.43

	17
	98
	101501.58
	112
	101364.24

	18
	116
	101325
	116
	101325

	19
	116
	101325
	116
	101325

	20
	116
	101325
	116
	101325



Figure1

	　
	Inside
	outside

	Taps #
	Hight (mm)
	R
	Velocity
	Hight (mm)
	R
	Velocity

	1
	88
	0.905
	5.659739664
	118
	0.905
	13.86347425

	2
	88
	3.955
	5.659739664
	116
	3.955
	16.00816118

	3
	88
	7.005
	5.659739664
	114
	7.005
	16.97921899

	4
	88
	10.055
	5.659739664
	114
	10.055
	18.33965259

	5
	88
	13.105
	5.659739664
	113
	13.105
	18.77123288

	6
	88
	16.155
	5.659739664
	112
	16.155
	19.19311101

	7
	88
	19.205
	5.659739664
	111
	19.205
	19.60591331

	8
	87
	22.255
	6.931737127
	111
	22.255
	20.01020148

	9
	87
	25.305
	6.931737127
	111
	25.305
	20.40648156

	10
	87
	28.355
	6.931737127
	110
	28.355
	20.79521138

	11
	87
	31.405
	6.931737127
	110
	31.405
	20.40648156

	12
	87
	34.455
	6.931737127
	110
	34.455
	43.10329312

	13
	87
	37.505
	6.931737127
	110
	37.505
	20.40648156

	14
	87
	40.555
	6.931737127
	110
	40.555
	20.40648156

	15
	87
	43.605
	6.931737127
	110
	43.605
	20.79521138

	16
	87
	46.655
	6.931737127
	110
	46.655
	20.79521138

	17
	87
	49.705
	6.931737127
	109
	49.705
	21.17680672

	18
	87
	52.755
	6.931737127
	109
	52.755
	21.17680672

	19
	87
	55.805
	6.931737127
	108
	55.805
	20.79521138

	20
	132
	　
	　
	128
	　
	　



Figure2

Equations:
=;=
;
;
;
;
;
;
:
Test1:


Test2:



:
test 1: q = 0.93 *(6141.06 – 98.1) = 5619.95.
Vp= sqrt (2* 5619.95/ 1.2) = 96.78 m/s2
test 2: q = 0.93 *(6298.02 – (-58.86) )= 6405.73
Vp= sqrt (2*6405.73/1.2) = 103.3 m/s2


:
test 1:
  = (Cp * (Pc1 – Pc2)) + Pc2
= (-0.045 *(6141.06 +98.1)) -98.1
= -378.86 Pa
Test 2:
  = (Cp * (Pc1 – Pc2)) + Pc2
=-344.92 Pa;
Vp:
area of the pump:* (3 inch/2)2 =* (0.0762/2)2= 4.5604 *10-3 m2;
l area of Vp inlet:* (0.875 inch/2)2 =*(0.022225/2)2 = 3.8795 * 10-4 m2;


Vs
For Trial 1: Vs= sqrt (2(19.62)/1.2) = 5.72 m/s2
For Trial 2: Vs= sqrt (2(78.48)/1.2) = 11.44 m/s2
Ps:
Trial 1
Ps = -19.62
Trial 2
Ps = -78.48



procedure and setup:
[image: ]


DISCUSSION:
According to the recorded data in the experiment, the water level of static taps is not completely stable values in the throttling outside. Which means the mixing process is not complete until the end of the mixing tube. However, according to the figure 1 the steadying of flow was the result of the decrease in flow rate due to the closing of the valve, because the liquid has time to mix and completely become uniform, whereas the open valve one, this does not happen. And when the valve is closed, in conjunction with a sufficient mixing tube length, the liquid mixes completely. As the speed increases  the magnitude of the frictional forces increases, which cause increasing of error. As I know, the flow does not have properly time. This error is only for the outlet pressure. So it is inversely proportional to the speed of the air. 

During the calculation, we can find out the static pressure of test 1 is -19.62 Pa, static pressure of test 2 is -78.92 Pa. it is obviously, pressure of trial 1 is close to the atmosphere pressure. According to the calculation in velocity, velocity of the throttling value inside is increasing slightly only in middle tube. However, we can see very clearly the velocity of the throttling value outside is faster when the position R is increasing.


Conclusion:

The achievement of this experiment was to use Bernoulli’s, linear momentum equation to analysis what is the difference was between the predicted outlet velocity and pressure from measured values. Overall, experimental values were smaller than the actual values as expected. Inaccurate measurement, However, we can improve the experiment by having more pitot tubes to measure the actual outlet velocity. The predicted pressure in both trials had a much difference value to the actual value due to energy lost, viscosity in real life.


[bookmark: _GoBack][image: C:\Users\45036\AppData\Local\Temp\WeChat Files\594632829322279582.jpg] [image: C:\Users\45036\AppData\Local\Temp\WeChat Files\287315401236107903.jpg]
static pressure for taps(1-17)

static pressure (inside)	101423.1	101315.19	101305.38	101285.75999999999	101275.95	101432.91	101570.25	101668.35	101707.59	101727.21	101737.02	101737.02	101737.02	101737.02	101737.02	101737.02	101737.02	static pressure (outside)	101266.14	101168.04	101158.23	101177.85	101187.66	101207.28	101217.09	101236.71	101256.33	101266.14	101285.75999999999	101305.38	101315.19	101325	101325	101325	101344.62	Taps #


Static pressure (Pa)




Flow velocity of pitot tube

inside	0.90500000000000003	3.9550000000000001	7.0049999999999999	10.055	13.105	16.155000000000001	19.204999999999998	22.254999999999999	25.305	28.355	31.405000000000001	34.454999999999998	37.505000000000003	40.555	43.604999999999997	46.655000000000001	49.704999999999998	52.755000000000003	55.805	5.6597396637316173	5.6597396637316173	5.6597396637316173	5.6597396637316173	5.6597396637316173	5.6597396637316173	5.6597396637316173	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	6.9317371265668557	outside	13.863474253135426	16.008161183902615	16.979218991196952	18.339652590571948	18.771232875692547	19.193111009007612	19.605913310394332	20.01020147987786	20.406481563363993	20.795211379703421	20.406481563363993	20.406481563363993	20.406481563363993	20.406481563363993	20.795211379703421	20.795211379703421	21.176806720021677	21.176806720021677	20.795211379703421	Position(R)


Velocity (m/s)




image3.jpeg
i

-«

i i
i

i

il

i

e
i
H
i
i
i
i

S

R

S

HEHE
e

i

i

EmE G
g





image1.png
PrToT-TUBE

— SECONDARY STREAM RAKE

7 STATIC TAPS /
oo A b b b /) || Tnormke

~——1

NG TuBE

PRMARY STREAM
(SHOP AR)

SCHEMATIC OF JET PUMP




image2.jpeg
Ty lr U Ch LR N ]
o7 ¢ IS S ¢z
FERNVERWVR S . . oy
a/ b b L Z £ =z - = :
TR
atl N MNN T
ac? o/ E 3L §L iL 5L L &
L R S D .
i T S Lol il L
A EsEE e s
: s Ry
s S i T/
1 g





