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Flow Control Station on a Water Pipeline 

CHE 4353-Process Control 

Overview 

A pump and piping network transfers water from an in-ground sump to a storage pond 

located on a nearby hill (Figure 1). Please design a flow control station just downstream of 

the pump (see green equipment). In particular, specify the details of orifice plate FO-100 

and flow control valve FCV-100. 

 Procedure 

Attached to this PDF file is a 

HYSYS simulation of the 

network in Figure 1 (see 

screenshot). The FO and FCV are 

installed in pipe 3, however they 

are full-port devices (4.026” ID) 

and are taking no pressure drop 

in the .hsc file provided. The flow 

controller FIC-100 is set in “off 

mode”, and does not influence 

the hydraulics of the network 

(Figure 2).  

Design the orifice and flow control valve by following these steps. 

1) Establish the orifice diameter at the target flow rate.  

2) Input your diameter in the FO block (Figure 3).  

FCV-100

FIC 

100

DP 
Cell

I/P

FT-
100

300'

FO-100

85'

Fluid: liquid water
Target flow rate: 160 gpm
Control range: 140-180 gpm
All pipe and fittings 4" nominal

 

Figure 1. Water Transfer Network 

 

Figure 2. Orifice and Control Valve Blocks in the 

Simulation 
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Figure 3. Entering the orifice plate diameter.  

 HYSYS will recalculate the 

system hydraulics automatically, 

including the pressure drop 

across the orifice. An adjustor 

(Figure 4) varies the power to the 

pump to obtain atmospheric 

pressure at outlet 10 (the surface 

of the storage pond), thus 

providing the total differential 

pressure requirement for the pump. 

During all recalculations you will see the error message in Figure 5. This message may be 

ignored throughout the calculation of the system curves. It does not affect the results, and 

will disappear when you enter the allowable pressure drop across the control valve in step 

6)  

3)  Compute and plot the system curve, including the pressure drop across the orifice but 

without the control valve, over a range of flows slightly broader than the control range. 

The points on the system curve are obtained from HYSYS as illustrated in Figure 6 

 

Figure 4. Outlet pressure adjustor. 

 

Figure 5. Water Transfer Network 

Click on table 

Enter diameter here 
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Control valves only affect the frictional pressure drop of the piping system, not the static 

pressure difference. Therefore, the system curve is computed only for the frictional 

pressure drop in the system.  

f pump static
P P P    (1) 

In equation (1) 
f

P is the frictional pressure drop, 
pump

P  is the total differential pressure 

developed by the pump, and 
static

P  is the static pressure requirement. This is a constant, 

36.8 psi, corresponding to 85 feet of water column. 

4) Compute the pump curve, which follows the equation

4 2

2
8.875 0.063 2.969 10

curve v v

psi psi
P psi F F

gpm gpm
        (2) 

In (2), 
v

F is the flow through the piping network, and hence the flow through the valve. Co-

plot the pump curve with system curve in a neat, computer-generated plot such as 

provided by MS Excel.  

Figure 6. Obtaining points for the system curve. 

Change flow rate 

here 

Read frictional 

pressure drop here. 
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5) Design the control valve using the heuristics presented in class. Give the results of your

design by filling in the blocks highlighted in yellow on the IEC 60534‑7 control valve

spec sheet. The spec sheet is in Excel format, and attached to this PDF. The spec sheet

must be filled out using the American system of units. Especially important is the value

of Cv at 100% open in gpm psi .

6) Enter your values for valve open percentage, valve pressure drop, and valve mass flow

rate at the design flow rate into HYSYS as indicated in Figure 7. Size the valve using the

utility provided by HYSYS.

How does your manually calculated value of Cv at 100% open compare to the value given 

by HYSYS? 

7) Using the HYSYS-generated value of Cv, compute the system curve with the control

valve using the same procedure as you employed in step 3). Co-plot this system curve 
with the previous system curve and the pump curve. Confirm that the system curve 
with the control valve intersects the pump curve at the design flow rate. You should 
finally obtain a plot similar to Figure 8.

Figure 7. Sizing the control valve. 

Specify. 

Specify 

Compute 

Read Cv at 100% open 

here.  
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Deliverables 

Compile items a through e into a single PDF file. Attach the PDF file and the converged 

HYSYS file separately to your submission on Blackboard.  

 

 

Differential
Pressure, P

Flow through valve, Fv 

Design flow
rate, Fv_design

Maximum controllable flow, 
Fv_max, 

valve position, xmax=80-85%

Minimum controll-
-able flow, Fv_min,

valve position, xmin=10%

Maximum flow
through valve, max_Fv, 

x=100%

 Pf   = frictional pressure drop in 
piping system at design flow

 Pv   = allowable  pressure drop 
across valve at design flow 

=50%-60%  Pf 

turndown ratio, T=Fv_max/Fv_min
=5:1 (linear trim) to 10:1 (=% trim) 

 

Figure 8. Schematic of system and pump curves 

Table 1. Deliverables for Flow Control Station Project 

Item Points Possible Points Earned 

a. Plot of pump and system curves like Figure 8 25  

b. Calculations of orifice diameter 5  

c. IEC 60534‑7 spec sheet with requested data 

correctly filled in 

10  

d. Calculations showing how calculated values on 

spec sheet were obtained.  

45  

e. Comparison of hand-calculated Cv with HYSYS Cv 5  

f. Converged HYSYS file with correct orifice and 

valve installed 

10  

Totals 100  

This intersection is 

important.  





Table 1

		Specification sheet for control valves



		Specifications subject to change without notice





		SAMSON AG · MESS- UND REGELTECHNIK

		Weismüllerstraße 3 · 60314 Frankfurt am Main, Germany Phone: +49 69 4009-0 · Fax: +49 69 4009-1507

		samson@samson.de · www.samson.de                                                     T 8000-1 EN

										Specification sheet for control valves according to IEC 60534-7
X   · Details that must be specified to select and size the valve

				1				Operating data		Installation site

				2						Control task

				7		X				Pipeline		DN		PN		NPS		Class

				8						Pipe material

				12		X				Process medium

				13		X				State at the valve inlet		Liquid		Vapor		Gas



				15								Min.		Usual		Max.		Unit

				16		X				Flow rate

				17		X				Input pressure p1

				18		X				Output pressure p2

				19		X				Temperature T1

				20		X				Input density ρ1 or M

				21		X				Vapor pressure PV

				22		X				Critical pressure PC

				23		X				Kinematic viscosity v

				31						Calculation of max. flow coefficient KV (CV)

				32						Calculation of min. flow coefficient KV (CV)

				33						Selected flow coefficient KVS or CV

				34						Calculated sound pressure level		dB(A)

				35				Valve body		Type ... Valve

				36						Style

				38						Pressure rating		PN		Class

				39						Valve size		DN		NPS

				40						Type of end connections		Flanges		Welding ends		Welding-neck ends		DIN/      ANSI

				43						Type of bonnet		Normal		Insulating section		Bellows seal		Heating jacket

				45						Body/bonnet material

				47						Characteristic		Linear		Equal percentage

				48						Plug/stem material

				49						Bushing/seat material

				52						Facing		None		Stellite® facing		Completely of Stellite®		Hardened

				54						Leakage class		% KVS		Class

				55						Packing material		Standard		Form



				57				Actuator		Actuator type		Pneumatic

				60						Actuator area		cm²

				62						Supply pressure		Min.		Max.

				63						Bench range

				64						Fail-safe action		Fail-close		Fail-open		Fail in place

				66						Other actuator types		Electric		Electrohydraulic		Hand-operated

				67						Fail-safe position for three-way valves

				68						Additional manual override		No		Yes



				70				Positioners		Positioner type

				71						Input signal		Pneumatic		Electric

				72						Control valve OPEN at		bar		mA

				73						Control valve CLOSED at		bar		mA

				76						Air connection, max.		bar

				78						Explosion protection		Ex i		Ex d

				80				Limit switch		Limit switch type

				81						Limit switch		Electric		Inductive		Pneumatic

				82						Switching position		Closed		% travel		Open

				83						Switching function		Closing		Opening

				84						Explosion protection		Ex i		Ex d
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