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Summary
The purpose of this laboratory is to compare the performance of the jet pump with a theoretical analysis of the flow within the pump. There were a number of assumptions made in this lab, such as: no friction within the walls of the tube, no energy losses, steady flow, and constant air density. The experimental results obtained in the lab will be compared to the theoretical results calculated to get an understanding of how jet pumps function.
Nomenclature
· g – Gravitational constant (9.81 m/s2)
· Patm – Atmospheric pressure (101, 325 Pa)
· PC1 – Fluid supply pressure (Pa)
· PC2 – Nozzle pressure (Pa)
· Pp – Primary steam pressure (Pa)
· Ps – Secondary steam pressure (Pa)
· ρair – Density of air (1.2 kg/m3)
· ρwater – Density of water (1000 kg/m3)
· Cp – Static pressure coefficient (-0.045)
· Cq – Dynamic pressure coefficient (0.93)
· h – Height at pressure tap (m)
· Vp – Primary steam velocity (m/s)
· Vs – Secondary steam velocity (m/s)
· Vout – Velocity at outlet (m/s)
· Ap – Primary steam area (m2)
· As – Secondary steam area (m2)
· Aout – Area at steam outlet (m2)
Flow Analysis
Pressure at pitot tubes
            	                       [1]                                     
                                                                 [1.2]
Rearrange for Pp
                                                  [1.3]
Stream velocities 
Primary velocity
                               [2]
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Sub in [2] and [3] and isolate for velocity 
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Secondary velocity
                                          [5]
Since h1=h2 and v1=0, isolate for Vs
                   [6]
Pressure and velocity at pitot tube rake
Velocity
           [7]
Where A is 
                            [8]
Pressure
From Linear momentum
  [9]
Isolate Pout
              [10] 
Mass flow rate
                 [11]

Procedure
Refer to Experiment 2: Jet Pump in the lab manual for procedure
Experimental Setup
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Figure 1: Experiment Apparatus
Results & Discussion
Part 1
Under the assumptions of no friction and steady flow, the outlet pressure and velocity were calculated using the data obtained from the inlet. Using continuity, the velocity at the outlet was found to be 19.12 m/s for flow 1 and 20.54 m/s for flow 2. The pressure at the outlet was calculated by applying linear momentum, where Pout for flow 1 and flow 2 was calculated to be 60205.48 Pa and 60233.14 Pa respectively. 
Part 2

Figure 2: Static pressure along mixing tube
From figure 2, it can be seen that both flows have a rapid rise in pressure before leveling off. This shows that the mixing process was complete and that the mixing tube was long enough, because the pressure leveling off indicates uniform velocity. The predicted values for the pressure at the outlet show quite a large error because the predicted Pout for both flows were around 60000 Pa. This error could have been caused by a number of reasons, but most likely occurred from either an error in the data, or an error in the calculations. When determining the validity of the assumptions made in the lab, flow rate can affect the results. For example, an assumption of no friction was assumed within the tube; however, with increased flow rate, the friction around the walls will also increase due to the higher velocity. If the flow rate becomes so large that friction must be taken into account, then the tube can no longer be assumed to be frictionless.
Part 3

Figure 3: Velocity through the Mixing Tube
As seen in figure 3, the assumption of uniform flow was not achieved completely due to the fact that friction acts strongly on the surface of the walls. As the radius increases to get closer to the walls, there is more fluctuation within the data. This is why the assumption of no friction was never going to be completely satisfied because there will always be some amount of friction acting on the walls that can skew the data. This non-uniform velocity is caused by a higher flow rate than expected. The higher the flow rate is inside the tube, the more non-uniform the velocity data will become due to the losses of kinetic energy within the tube. 
Part 4
From integrating the curves of best fit seen in figure 3, a mass flow rate was calculated to be 0.1378 kg/s for flow 1 and 0.1529 kg/s for flow 2. Using continuity, a mass flow rate of 0.0872 kg/s for flow 1 was calculated, while flow 2 was calculated to be 0.0936 kg/s. When comparing these two flow rates, a large discrepancy can be seen. This can be caused from a number of reasons such as: human reading error on the data, inaccurate data being produced from the jet pump, or simply from miscalculation. Also, using improper assumptions such as steady air density or no friction within the walls of the tubes could have also skewed the results.
Conclusion
The theoretical and experimental results obtained in the lab were compared and it was concluded that the assumptions made in the lab were slightly off. Many of the values compared had large discrepancies between them, which were likely caused by false assumptions being made. Flow 1 and flow 2 of the data showed to be fairly uniform with each other, especially regarding the velocity and pressure within the tube.
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Appendices
Table 1: Jet Pump Dimensions
	Distance between pitot tubes
	2 in

	Distance to first pitot tube
	9 in

	Diameter of nozzle
	0.875 in

	Diameter of pump
	3 in

	Distance between rake port centers
	3.25 mm
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Table 2: Flow 1 data
	Utube
	Height (m)
	Tube
	Static (m)
	Pitot (m)
	Static pressure (Pa)
	Stagnation pressure (Pa)
	Pitot velocity (m/s)
	Radius from center (m)
	Sum of flow rates (m3/s)

	1
	0.32
	1
	0.124
	0.082
	101266.14
	101776.26
	21.77498565
	0.0381
	0.1378

	2
	0.374
	2
	0.144
	0.076
	101069.94
	101835.12
	23.92174743
	0.0316
	

	Diff
	0.694
	3
	0.145
	0.074
	101060.13
	101854.74
	24.59573134
	0.02835
	

	
	
	4
	0.142
	0.07
	101089.56
	101893.98
	25.89111817
	0.0251
	

	
	
	5
	0.139
	0.068
	101118.99
	101913.6
	26.51509004
	0.02185
	

	
	
	6
	0.134
	0.068
	101168.04
	101913.6
	26.51509004
	0.0186
	

	
	
	7
	0.128
	0.064
	101226.9
	101952.84
	27.72093072
	0.01535
	

	
	
	8
	0.12
	0.062
	101305.38
	101972.46
	28.30459327
	0.0121
	

	
	
	9
	0.113
	0.062
	101374.05
	101972.46
	28.30459327
	0.00885
	

	
	
	10
	0.108
	0.06
	101423.1
	101992.08
	28.876461
	0.0056
	

	
	
	11
	0.106
	0.064
	101442.72
	101952.84
	27.72093072
	0.00235
	

	
	
	12
	0.104
	0.064
	101462.34
	101952.84
	27.72093072
	-0.0009
	

	
	
	13
	0.103
	0.064
	101472.15
	101952.84
	27.72093072
	-0.00415
	

	
	
	14
	0.104
	0.064
	101462.34
	101952.84
	27.72093072
	-0.0074
	

	
	
	15
	0.102
	0.064
	101481.96
	101952.84
	27.72093072
	-0.01065
	

	
	
	16
	0.101
	0.066
	101491.77
	101933.22
	27.12471198
	-0.0139
	

	
	
	17
	0.101
	0.066
	101491.77
	101933.22
	27.12471198
	-0.01715
	

	
	
	18
	N/A
	0.068
	101325
	101913.6
	26.51509004
	-0.0204
	

	
	
	19
	N/A
	0.068
	101325
	101913.6
	26.51509004
	-0.02365
	

	
	
	20
	0.118
	0.128
	101325
	101325
	
	-0.0269
	



Table 3: Flow 2 data
	Utube
	Height (m)
	Tube
	Static (m)
	Pitot (m)
	Static pressure (Pa)
	Stagnation pressure (Pa)
	Pitot velocity (m/s)
	Radius from center (m)
	Sum of flow rates (m3/s)

	1
	0.34
	1
	0.128
	0.084
	101207.28
	101756.64
	23.92174743
	0.0381
	0.1529

	2
	0.394
	2
	0.148
	0.074
	101011.08
	101854.74
	27.12471198
	0.0316
	

	Diff
	0.734
	3
	0.15
	0.07
	100991.46
	101893.98
	28.30459327
	0.02835
	

	
	
	4
	0.146
	0.068
	101030.7
	101913.6
	28.876461
	0.0251
	

	
	
	5
	0.144
	0.068
	101050.32
	101913.6
	28.876461
	0.02185
	

	
	
	6
	0.138
	0.066
	101109.18
	101933.22
	29.43722134
	0.0186
	

	
	
	7
	0.134
	0.064
	101148.42
	101952.84
	29.98749739
	0.01535
	

	
	
	8
	0.126
	0.062
	101226.9
	101972.46
	30.52785613
	0.0121
	

	
	
	9
	0.12
	0.062
	101285.76
	101972.46
	30.52785613
	0.00885
	

	
	
	10
	0.116
	0.06
	101325
	101992.08
	31.05881517
	0.0056
	

	
	
	11
	0.112
	0.06
	101364.24
	101992.08
	31.05881517
	0.00235
	

	
	
	12
	0.11
	0.06
	101383.86
	101992.08
	31.05881517
	-0.0009
	

	
	
	13
	0.109
	0.06
	101393.67
	101992.08
	31.05881517
	-0.00415
	

	
	
	14
	0.109
	0.062
	101393.67
	101972.46
	30.52785613
	-0.0074
	

	
	
	15
	0.109
	0.062
	101393.67
	101972.46
	30.52785613
	-0.01065
	

	
	
	16
	0.107
	0.064
	101413.29
	101952.84
	29.98749739
	-0.0139
	

	
	
	17
	0.107
	0.066
	101413.29
	101933.22
	29.43722134
	-0.01715
	

	
	
	18
	N/A
	0.066
	101325
	101933.22
	29.43722134
	-0.0204
	

	
	
	19
	N/A
	0.068
	101325
	101913.6
	28.876461
	-0.02365
	

	
	
	20
	0.116
	0.128
	101325
	101325
	
	-0.0269
	








Static Pressure along Mixing Tube
Flow 1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	101266.14	101069.94	101060.13	101089.56	101118.99	101168.04	101226.9	101305.38	101374.05	101423.1	101442.72	101462.34	101472.15	101462.34	101481.96	101491.77	101491.77	Flow 2	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	101207.28	101011.08	100991.46	101030.7	101050.32	101109.18	101148.42	101226.9	101285.75999999999	101325	101364.24	101383.86	101393.67	101393.67	101393.67	101413.29	101413.29	Static Tap Number
Static Pressure (Pa)
Flow 1	3.8100000000000002E-2	3.1600000000000003E-2	2.835E-2	2.5100000000000004E-2	2.1850000000000001E-2	1.8600000000000002E-2	1.5350000000000003E-2	1.2100000000000003E-2	8.8500000000000037E-3	5.6000000000000008E-3	2.3500000000000049E-3	-8.9999999999999802E-4	-4.149999999999994E-3	-7.3999999999999969E-3	-1.0649999999999993E-2	-1.3899999999999996E-2	-1.7149999999999999E-2	-2.0399999999999995E-2	-2.3649999999999997E-2	-2.69E-2	21.774985648674594	23.921747427811066	24.595731336961745	25.891118168205608	26.515090043218841	26.515090043218841	27.720930720305685	28.304593266818092	28.304593266818092	28.87646100199947	27.720930720305685	27.720930720305685	27.720930720305685	27.720930720305685	27.720930720305685	27.124711980037599	27.124711980037599	26.515090043218841	Flow 2	3.8100000000000002E-2	3.1600000000000003E-2	2.835E-2	2.5100000000000004E-2	2.1850000000000001E-2	1.8600000000000002E-2	1.5350000000000003E-2	1.2100000000000003E-2	8.8500000000000037E-3	5.6000000000000008E-3	2.3500000000000049E-3	-8.9999999999999802E-4	-4.149999999999994E-3	-7.3999999999999969E-3	-1.0649999999999993E-2	-1.3899999999999996E-2	-1.7149999999999999E-2	-2.0399999999999995E-2	-2.3649999999999997E-2	-2.69E-2	23.921747427811578	27.124711980038047	28.304593266818092	28.876461001999889	28.876461001999889	29.43722133626088	29.987497394747781	30.527856131736822	30.527856131736822	31.058815173795885	31.058815173795885	31.058815173795885	31.058815173795885	30.527856131736822	30.527856131736822	29.987497394747781	29.43722133626088	29.43722133626088	28.876461001999889	Predicted flow 1	3.8100000000000002E-2	3.1600000000000003E-2	2.835E-2	2.5100000000000004E-2	2.1850000000000001E-2	1.8600000000000002E-2	1.5350000000000003E-2	1.2100000000000003E-2	8.8500000000000037E-3	5.6000000000000008E-3	2.3500000000000049E-3	-8.9999999999999802E-4	-4.149999999999994E-3	-7.3999999999999969E-3	-1.0649999999999993E-2	-1.3899999999999996E-2	-1.7149999999999999E-2	-2.0399999999999995E-2	-2.3649999999999997E-2	-2.69E-2	19.12	Predicted flow 2	3.8100000000000002E-2	3.1600000000000003E-2	2.835E-2	2.5100000000000004E-2	2.1850000000000001E-2	1.8600000000000002E-2	1.5350000000000003E-2	1.2100000000000003E-2	8.8500000000000037E-3	5.6000000000000008E-3	2.3500000000000049E-3	-8.9999999999999802E-4	-4.149999999999994E-3	-7.3999999999999969E-3	-1.0649999999999993E-2	-1.3899999999999996E-2	-1.7149999999999999E-2	-2.0399999999999995E-2	-2.3649999999999997E-2	-2.69E-2	20.54	Radius (m)
Velocity (m/s)
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