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[bookmark: _Ref370919190][bookmark: _Ref370919726]Figure 1. (a) Isometric view of a triplex pump, (b) section of the middle chamber and list of the items bordering the fluid volumes.
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Figure2. Solid to fluid model: 1) the solid volumes were imported, 2) the fluid volumes were generated, 3) the outlet volumes were subtracted as the inlet stroke only was simulated.
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Figure 3. The fluid volumes were further decomposed  in the pattern shown, the deforming volumes were subjected to the mesh  layers creation/destruction in the direction indicated by the arrows while the volumes subjected to rigid motion strictly followed  in the same direction.
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Figure 4. (a) Plunger displacement vs crank rotation  history, (b) spring force Vs spring stretch characteristic.
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Figure 5. (a) inlet stroke monitor point chamber pressure history, (b) Detail of the pressure spikes occurring when the valve lifted up.

Figure 6. Inlet mass flow history CFD Vs theory (calculated as displacement volume history  times density of water @ standard condion.

Mean delivery pressure - initial pressure difference

Figure 7. Experimental chamber pressure history, the pressure at the beginning of the inlet stroke was affected by the non-constant delivery pressure due to the interaction between the 3 chambers.
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Figure 8. (a) Numeric Vs Experiment data, comparison of the inlet stroke chamber pressure, (b) detail of the pressure slope and spikes occurred in the CFD simulations.
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Plunger lift [m]

Theoretical	0	2.9027802884881351E-3	5.8055605769762649E-3	8.7083408654643948E-3	1.1611121153952544E-2	1.451390144244066E-2	1.741668173092879E-2	2.0319462019416916E-2	2.3222242307905077E-2	2.6125022596393196E-2	2.902780288488134E-2	3.0327821323829992E-2	3.3546498776249475E-2	3.6231719847674801E-2	3.8500393447331874E-2	4.0435956009870211E-2	4.2099848620830327E-2	4.3538504515762716E-2	4.4787790483437895E-2	4.5875933643064561E-2	4.6825510218723464E-2	4.7654833121221103E-2	4.837894260544278E-2	4.9010327989192963E-2	4.9559462944217009E-2	5.0035208909725022E-2	5.0445123510861889E-2	5.0795699424884891E-2	5.1092551566906064E-2	5.1340565356582955E-2	0	34.007625791266705	68.01525158253348	102.02287737380011	136.03050316506688	170.03812895633396	204.04575474760034	238.05338053886715	272.06100633013398	306.0686321214007	340.07625791266713	355.85776000000027	400.33998000000008	444.82220000000001	489.30442000000028	533.78664000000003	578.26886000000002	622.75108	667.23330000000055	711.71552000000008	756.19774000000052	800.67996000000005	845.16217999999958	889.64440000000002	934.12661999999966	978.60884000000055	1023.0910600000001	1067.5732799999998	1112.0555000000011	1156.53772	Stretch [m]

Force [N]
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Pressure [Pa]

Valve lift [m]
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Pressure [Pa]

Valve lift [m]
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Inlet mass flow rate [kg/s]
Plunger lift [m]
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Pressure [Pa] 
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Pressure [Pa] 
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INLET-VALVE

		4P100235 Spring

		free height of the spring		2.75		in

		Installed height of the spring		1.71		in

		Installed deflection of the spring		1.04		in

		theoretical lift		0.91		in

		theoretical lift (cad model)		0.798129921		in

		Theoretical

		s		F		k		hx		s [m]		F [N]

		0		0				2.75		0		0

		0.1142826885		7.6452177502		66.8974264519		2.6357173115		0.0029027803		34.0076257913

		0.228565377		15.2904355004		66.8974264519		2.521434623		0.0058055606		68.0152515825

		0.3428480656		22.9356532506		66.8974264519		2.4071519344		0.0087083409		102.0228773738

		0.4571307541		30.5808710008		66.8974264519		2.2928692459		0.0116111212		136.0305031651

		0.5714134426		38.226088751		66.8974264519		2.1785865574		0.0145139014		170.0381289563

		0.6856961311		45.8713065012		66.8974264519		2.0643038689		0.0174166817		204.0457547476

		0.7999788197		53.5165242515		66.8974264519		1.9500211803		0.020319462		238.0533805389

		0.9142615082		61.1617420017		66.8974264519		1.8357384918		0.0232222423		272.0610063301

		1.0285441967		68.8069597519		66.8974264519		1.7214558033		0.0261250226		306.0686321214

		1.1428268852		76.4521775021		66.8974264519		1.6071731148		0.0290278029		340.0762579127

		1.1940087135		80		71.8268628751		1.5559912865		0.0303278213		355.85776

		1.3207282983		90		86.7226443559		1.4292717017		0.0335464988		400.33998

		1.4264456633		100		103.2211411487		1.3235543367		0.0362317198		444.8222

		1.5157635215		110		121.5116707204		1.2342364785		0.0385003934		489.30442

		1.591966772		120		141.8266323973		1.158033228		0.040435956		533.78664

		1.6574743552		130		164.4509553576		1.0925256448		0.0420998486		578.26886

		1.714114351		140		189.7350835419		1.035885649		0.0435385045		622.75108

		1.7632988379		150		218.1127323762		0.9867011621		0.0447877905		667.2333

		1.8061391198		160		250.1253202713		0.9438608802		0.0458759336		711.71552

		1.8435240244		170		286.4559999309		0.9064759756		0.0468255102		756.19774		Max allowable (cad model)		1.838129921

		1.8761745323		180		327.9778495133		0.8738254677		0.0476548331		800.67996

		1.9046827797		190		375.8234923219		0.8453172203		0.0483789426		845.16218

		1.929540472		200		431.4880555877		0.820459528		0.049010328		889.6444

		1.9511599584		210		496.9856291582		0.7988400416		0.0495594629		934.12662		Max allowable (e-mail infos)		1.95

		1.9698901146		220		575.0946616865		0.7801098854		0.0500352089		978.60884

		1.9860284847		230		669.7573845822		0.7639715153		0.0504451235		1023.09106

		1.999830686		240		786.7591729374		0.750169314		0.0507956994		1067.57328

		2.0115177782		250		934.9469505263		0.7384822218		0.0510925516		1112.0555

		2.0212821007		260		1128.5616162002		0.7287178993		0.0513405654		1156.53772

		min limit
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		0.026416		0
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		max limit

		s		F

		0.0466885		0
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		4P100235 Spring

		free height of the spring		2.75		in

		Installed height of the spring		1.48		in

		Installed deflection of the spring		1.27		in

		theoretical lift		0.88		in

		theoretical lift (cad model)		0.6106299213		in

		Theoretical

		s		F		k		hx		s [mm]		F [N]

		0		0				2.75		0		0

		0.1142826885		7.6452177502		66.8974264519		2.6357173115		0.0029027803		34.0076257913

		0.228565377		15.2904355004		66.8974264519		2.521434623		0.0058055606		68.0152515825

		0.3428480656		22.9356532506		66.8974264519		2.4071519344		0.0087083409		102.0228773738

		0.4571307541		30.5808710008		66.8974264519		2.2928692459		0.0116111212		136.0305031651

		0.5714134426		38.226088751		66.8974264519		2.1785865574		0.0145139014		170.0381289563

		0.6856961311		45.8713065012		66.8974264519		2.0643038689		0.0174166817		204.0457547476

		0.7999788197		53.5165242515		66.8974264519		1.9500211803		0.020319462		238.0533805389

		0.9142615082		61.1617420017		66.8974264519		1.8357384918		0.0232222423		272.0610063301

		1.0285441967		68.8069597519		66.8974264519		1.7214558033		0.0261250226		306.0686321214

		1.1428268852		76.4521775021		66.8974264519		1.6071731148		0.0290278029		340.0762579127

		1.1940087135		80		71.8268628751		1.5559912865		0.0303278213		355.85776

		1.3207282983		90		86.7226443559		1.4292717017		0.0335464988		400.33998

		1.4264456633		100		103.2211411487		1.3235543367		0.0362317198		444.8222

		1.5157635215		110		121.5116707204		1.2342364785		0.0385003934		489.30442

		1.591966772		120		141.8266323973		1.158033228		0.040435956		533.78664

		1.6574743552		130		164.4509553576		1.0925256448		0.0420998486		578.26886

		1.714114351		140		189.7350835419		1.035885649		0.0435385045		622.75108

		1.7632988379		150		218.1127323762		0.9867011621		0.0447877905		667.2333

		1.8061391198		160		250.1253202713		0.9438608802		0.0458759336		711.71552

		1.8435240244		170		286.4559999309		0.9064759756		0.0468255102		756.19774

		1.8761745323		180		327.9778495133		0.8738254677		0.0476548331		800.67996		Max allowable (cad model) [in]		1.8806299213

		1.9046827797		190		375.8234923219		0.8453172203		0.0483789426		845.16218

		1.929540472		200		431.4880555877		0.820459528		0.049010328		889.6444

		1.9511599584		210		496.9856291582		0.7988400416		0.0495594629		934.12662

		1.9698901146		220		575.0946616865		0.7801098854		0.0500352089		978.60884

		1.9860284847		230		669.7573845822		0.7639715153		0.0504451235		1023.09106

		1.999830686		240		786.7591729374		0.750169314		0.0507956994		1067.57328

		2.0115177782		250		934.9469505263		0.7384822218		0.0510925516		1112.0555

		2.0212821007		260		1128.5616162002		0.7287178993		0.0513405654		1156.53772

														Max allowable (e-mail infos) [in]		2.15

		min limit
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