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Abstract

CHEMCAD is a powerful tool for designing and analyzing complex piping networks. It enables the engineer to
integrate the piping network simulation into the overall process simulation, calculating a momentum balance in
addition to a heat and material balance. This makes it possible to quickly evaluate the effects of changes in the
process concept, or of its chemicals, on the piping network.

Part 1 of this paper presents a tutorial on how to use the piping network tool for unbranched pipe analysis. Part
2 progressively adds complexity with more complicated networks, culminating in examples that demonstrate
how CHEMCAD can be used to analyze practical plant piping problems.

Introduction

The CHEMCAD software suite is a powerful tool for designing and analyzing complex piping networks (1). As
shown in Figure 1, CHEMCAD contains a number of UnitOps that calculate flow as a function of pressure drop.
These are: Pipe Simulator, Control Valve, Valve, Pump, Node, Compressor, and Expander.

Pipe Simulator Control Valve Valve
Pump Node
Compressor Expander

e

Figure 1 — CHEMCAD UnitOps that calculate flow as a function of pressure drop

Since this paper focuses on liquid piping systems, we will examine the first five of these unit operations in
CHEMCAD to show how they can be combined to simulate complex piping networks.



We will begin by examining the Pipe Simulator and showing how it can be used for pipe sizing. We will explore
the various calculation options available for this UnitOp, and add a pump to construct a simple single-line
example. We will review the features of the Pump UnitOp, and see how the Sensitivity Study feature of
CHEMCAD can be used to obtain pump head vs. flow rate for the system. Then we will add a pump curve to
characterize the pump, and calculate the actual flow rate through the system.

To achieve a desired flow rate, we will add a control valve to the system, and show how the control valve sizing
option in CHEMCAD can be used as a starting point for actual valve selection.

We will also add a flow restriction orifice to the system using CHEMCAD, and determine the effect on the valve
position to accommodate this new flow resistance.

In Part 2, we will examine a more complicated two-branch flow problem. The significantly more complex
calculation method necessary to solve this problem will be evaluated in some detail. We will then introduce a
nodal approach to solving this problem, and demonstrate the improved calculation efficiency achieved. Two
other basic branched problems will be solved to demonstrate the utility and power of the nodal approach.

We will follow up with practical plant piping examples, which can be analyzed in CHEMCAD to understand and
correct the plant issue.

It is recommended that the reader download, open, and refer to referenced CHEMCAD files while reading about
the approaches to solving the various problems discussed in this paper.

Pipe Simulator UnitOp

Figure 2 shows the CHEMCAD flowsheet for a simple pipe. The filename is #1SizePipe. The fluid is water and the
flow rate is 20 gpm. The pipe has a 200’ horizontal run 2-90° elbows, and a 200’ vertical run with one ball valve
and 3-90° elbows. What pipe size should we use?

= g —
- -

Three Variables: F1,P1,P2,
One Equations:

F1=1{P1, P2)

Must specify 2 variables to constrain the system: F =20 gpm water at 60F; P1= 200 psia

Piping Run: 1 horizontal run of 200 ft with 2 - 90 degree elbows
1 vertical run of 200 ft with one ball valve and 3 - 90 degree elbows

Figure 2 — Simple piping case — pipe sizing



CHEMCAD provides a pipe sizing tool, found under Sizing on the main menu. To use it, you must first specify the
stream (stream 1) that will flow through the pipe. To do this, double-click the stream line to open the Edit
Streams dialog, shown in Figure 3.

# | Edit Streams |i|
Flash ‘cel | I QK I
Stream No. 1
Stream Name P1
Temp F 60
Pres psia 200

Vapor Fraction 0
Enthalpy Btu/h -6.84491e... i
Total flow 20

Total flow unit stdL gpm .

Comp unit weight frac
Water 1

Figure 3 — The Edit Streams dialog box for stream 1

As you can see, the stream temperature, pressure, and flow rate in gpm are specified as inputs. The vapor
volume fraction is calculated. Only two of these three parameters can be specified; the third is calculated by
CHEMCAD. To specify the total flow in gpm, it is necessary to specify the component unit in compositional units.
If mass units are specified, the total flow cannot be specified in volume units.

Now right-click stream 1 and select Sizing > Line Sizing, (see Figure 4) then click OK in the Select Streams dialog
box. This brings up the Pipe Sizing dialog box, shown in Figure 5. Note that you can also navigate to this dialog by
selecting Sizing > Piping from the main menu.

] P1 ___@__"2

Edit Stream...
Copy Stream From...

Specify Relative Humidity...
ree Variables: F1,F 4 i

View Composition

= Equations: View Properties
=f{P1, P2) Plot Properties...

Sizing Line Sizing...
15t specify 2 variab Retoube streani Orifice Sizing...

Insert unit Control Valve Sizing...
?iping Run: 1 horiz bows

1 verti = Cut Ctrl+X 390 degree elbows
1 Copy Cirl+C
Delete Del
Change Stream ID...
[#] Show ID
Edit Name...

Figure 4 —Selecting Line Sizing from the right-click menu



[ - pipe Sizing -

Sizing Dplicn
@ Typical sizing for single phaze.
" Sizing based on Dp/100ft

" Sizing based on velociy

Pipe Sehedule
Roughness

[0.00015 i

Lme\m.w.tm.ww;nﬂm
Single phase o hwo phase-Baker's method
= and Biill bwo phase flow

Figure 5 —The Pipe Sizing dialog box

Three sizing options are offered: Typical sizing for single phase, Sizing based on frictional Dp/100 ft, and Sizing
based on velocity. Note that the pipe schedule must be specified, but that the default for pipe roughness is for
steel pipe. Either of these entries can be changed if desired. There are two choices of flow method, with single
phase and Baker’s two-phase method being the first and Beggs and Brill’s two-phase method being the second.
Since this is a single-phase flow problem, choose the first method.

For this example, use Typical sizing for single phase. When you click OK, the results shown in Figure 6 appear in
a new tab.

Line Sizing for Stream 1 Pl

Stream Properties:

= = Qwerall - -
Mass flow 1b/h 10014.4717
Actual dens 1b/ft3 62.3436
- - Liquid only - -
Mass flow lb/h 10014.4717
Actual dens 1b/ft3 62.3436
Visc cP 1.1500
Pipe Parameters:

Calculated Next larger Next smaller
Schedule 40 40 40
Flow Regime Single phase Single phase Single phase
Pipe ID in 1.6100 2.08650 1.048%0
Nominal Dia. in 1.5000 2.0000 1.0000
- — Owerall - -
Press Drop psi/100ft 1.2916 0.3791 11.0342
Velocity ft/sec 3.1543 1.9174 7.4302
- - Ligquid only - -
Reynolds Number 34163.1 26635.7 52433.4
Friction Factor 0.0258 0.0263 0.0259
Press Drop psi/100ft 1.2916 0.3791 11.0342

Figure 6 — Typical sizing for single-phase flow

CHEMCAD suggests a pipe size of 1.5 in., and shows the result for one pipe size larger, 2.0 in. and one pipe size
smaller, 1.0 in. How accurate are the calculated pressure drops in psi/100 ft for each pipe size? Table 2-7, Flow
of Water Through Schedule 40 Steel Pipe (2), provided at the end of this paper, gives the answer. Comparison
results are given in Figure 7. The CHEMCAD and Crane frictional pressure drops match up very well. So, we can
have confidence in the CHEMCAD results.



Example 1. Simple Piping Case - Pipe Sizing
Comparing CHEMCAD Results To Technical Paper No. 410, Crane Co., Engineering Div., Chicago (1957)

- - Liquid only - -

Mass flow Ib/h 10014.4717

Actual dens Ib/ft3 62.3436

Visc cP 1.15

Pipe Parameters: CHEMCAD Crane CHEMCAD Crane CHEMCAD Crane
Calculated Tech Paper410 Nextlarger Tech Paper 410 Mext smaller Tech Paper 410

Schedule 40 40 40

Flow Regime Single phase Single phase Single phase

Pipe ID in 1.61 2.065 1.049

Nominal Dia. in 1.5 2 1

Press Drop psi/100ft 1.2916 1.28 0.3791 0.375 11.0342 10.9

Velocity ft/sec 3.1543 3.16 1.9174 1.91 7.4302 7.43

Figure 7 — CHEMCAD results compared to Crane

How should you choose what pipe diameter to use? Let’s look at the fluid velocity for each pipe size.

Velocities for various fluids are given in Table 2-2, Suggested Fluid Velocities in Pipe and Tubing, (Ludwig, 1977).
The table suggests water velocities in the range 3 - 8 ft/sec, with the caveat that “The velocities are suggestive
only and are to be used to approximate line size as a starting point for pressure drop calculations. The final line
size should be such as to give an economical balance between pressure drop and reasonable velocity.”

The velocities for the pipe sizes CHEMCAD offers in Figure 6 are in the suggested range for the 1.0 in. and 1.5 in.
diameter pipe. Based on Table 2-2, the 2.0 in. pipe diameter would be rejected. The choice between the 1.0 and
1.5 in. pipe diameters would be based on the cost of piping, fittings, valves, and the pump, with the smaller pipe
size likely being more economical.

The third option for pipe sizing given in Figure 5 is Sizing based on velocity. If you choose this option, the dialog
box provides an input for velocity (see Figure 8); if you use 6 ft/sec as the desired velocity, you get the results
shown in Figure 9.

- Pipe Sizing - |__§K |

Sizing Option Stream 1D: 1

" Typical sizing for single phaze.
" Sizing bazed on DpA100 i,
* Sizing based on velocity

Fipe Schedde 40

Foughness 0.00015 ft
“Welocity E ftisec
tethod [Single phase or bwo phaze-Baker's method - ]

Help Cancel ‘ QK ‘

Figure 8 — Pipe Sizing dialog with Velocity field enabled




Line Sizing for Stream 1 Pl

Stream Properties:
- - Overall - -
Mass flow 1b/h 10014.4717
Actual dens 1b/ft3 62.3436
- - Liquid only - -
Mass flow 1b/h 10014.4717
Actual dens 1b/ft3 62.3436
Visc cP 1.1500

Pipe Parameters:

Calculated Next larger Next smaller

Schedule 40 40 40
Flow Regime Single phase Single phase Single phase
Pipe ID in 1.6100 2.0650 1.0450
Nominal Dia. in 1.5000 2.0000 1.0000
- - Overall - -
Press Drop psi/100ft 1.2916 0.3791 11.0342
Velocity ft/sec 3.1543 1.9174 7.4302
- - Liquid only - -
Reynolds Number 34163.1 26635.7 52433.4
Friction Factor 0.0258 0.0263 0.0259
Press Drop psi/100ft 1.2916 0.3791 11.0342

Figure 9 — Sizing based on velocity

These results are identical to those obtained by letting CHEMCAD determine typical sizing. This is not surprising,
because pipes are available only in discrete sizes. The flow conditions have to conform to what is commercially
available. CHEMCAD gives the minimum pipe diameter that does not exceed the velocity specification.

The second option for pipe sizing is Sizing based on Dp/100 ft. | typically think of this as a result of sizing a pipe,
rather than an input. The first and third sizing options are sufficient for most situations.

Let’s use 1.5 in Schedule 40 pipe and enter the required information in the Pipe UnitOp. Double-click the Pipe
UnitOp to open the Pipe Sizing and Rating dialog box. As shown in Figure 10, a variety of flow options are
offered in the Method drop-down box. Figure 11 shows the various Sizing options.

7 - Pipe Sizing and Ratir

Specifications | Propetties | Calculated Resuits Valves | Fittings | Heak Transter |
D1
Method 1 Isotheimal gas flowlong X
= 1 Izotheimal gas flow-long pipe
LD 2 Single Phase flow
3 Two Phase-Bakei's method rber of segments
4 Hazenwillisms
& Steam: Fiitzsche formula
Pipe diameter ggwﬁi‘;ii’!“j‘;‘f phase foi pe diameter is ID unless schedule is specified
: 11 Uses-added pipe model 1 ’ tudies
Fbeschedus 12 User-added pipe model 2 P sae .
Pipe Length 13 User-added pipe model 3 r
itk 14 User-added pipe model 4 Sl 8 3
[Elevation change | 15 Uiser-added pipe model 5 eler case #3 | n
16 User-added pipe model 6
17 User-added pipe model 7
s 18 User-added pipe model 8
Fitiondactinmodel gy s foa madal 9 . e
| 20 U ser-adided pipe odel 10 nclude holdup in dynamic simulstion
Enter one of the followitg:
 Roughness factor [0.0007!
* PipeMaterisl | Commercial Steel @ Include gas expansion factor
Help Cancel (s] 4

Figure 10 — Pipe UnitOp Method options



- Pipe Sizing and Rating (PIPE) -

Specifications | Properties ] Calculated Hesu\tsl Valves | Fittings | Heat Transfer |
o 1
Method [2 Single Phase flow v J
Sizing option 0 Rating (default] x
1 Al ating [defaull mber of segments
1 Design, Single phase fow
2 Design based on Dp/ 1001
3 Design. Two phase vertical flow X . . X
Pipe diameter 4 Given size and Pout, backcale. Pin e diameter is D unless schedule is specified
5 Given size, Pin and Fout, calc flow rate : :
Fipe Schedule & Design based on velosity FIDS case studies
Fipe Length [400 ft Pipe diameter case §2 | in

|Elevalion change ¥ ] {200 ft Pipe diameter case #3 | in

Friction factor model [U Churchil vJ
I Include holdup in dynamic simulation
Enter one of the following:
" Roughness factor IU-IIIJUIE e

@ Pipe Matetia CommercialSteel | [V Include gas expansion factor

Help Cancel oK |

Figure 11 — Pipe UnitOp Sizing options

For now, choose Single Phase flow as the method and Design, single phase flow as the sizing option, and leave
the input for pipe diameter blank, as shown in Figure 12.

- Pipe Sizing and Rating (PIPE) - =X
Specifications I Properties Calculated HesultsJ Valves ‘ Fittings ] Heat Transfer |
= ID: 1
Method [2 Single Phase flow b4 ]
Sizing option [1 Design. Single phase flow - ]

Mumber of segments

Fipe diameter in Pipe diameter iz I unless schedule is specified
Fipe Schedule 40 ~Optional pipe case studies

Pipe Length 400 ft Pipe dizmeter case #2 i
Elevation change | 200 ft Fipe diameter case #3 in

| Friction factar made! 0 Churchill b

I™ Include holdup in dpnamic: simulation
—Enter one of the following: -

" Roughness factor |0.00015 It

1+ Pipe Material Commercial Steel = [ Tk e e arsion Factor

Help Cancel (i]:4

Figure 12 — Typical pipe sizing

Although the pipe length and elevation changes are specified here, you can obtain a pipe diameter with only the
feed stream flow information, the pipe schedule, and the pipe roughness.

Click OK, and then right-click UnitOp 1 and select Run This UnitOp. After the unit runs, you can reopen the pipe

dialog and see that the pipe diameter chosen is 1.5-inch Schedule 40. The flow calculation is also made through
the pipe as configured in the dialog box.

Before we look at the calculated results, let’s again check the inputs for the pipe configuration. The pipe
diameter, pipe schedule, pipe MOC and roughness, friction factor calculation method, total pipe length, and
pipe vertical elevation are all specified. Two other pipe diameter cases can be specified, as | will discuss later.
The use of pipe segments and fluid holdup in the pipe are explained in the help topic for the Pipe UnitOp.



Clicking on the Valves and Fittings tabs shows the available choices and the selections made for this example.

These are shown in Figures 13 and 14, respectively. Clicking on the Properties tab shows the physical properties

of the fluid used for the pipe calculations, which is water in this case.

Properties | Calculated F\esu\ts|

Flanged fittings
’— Standard elbow 90 deg,
’— Standard elbow 45 deg,
’— Standard 90 lang R
’— Return 180 close
’— Standard T, flow-thr run
[ Standard T, flowethr binch
[ 45deqT. flow-thi run
[ 45degT, flaw-thi binch
[ Elbow90deg, A/D=1.0
[ Elbow90deg R/D=15

Elbow 90 deg, R/D=2.0

Walves | Fittings | Heat Transfer ‘

10
Miscelaneous:
Entrance, projecting
Entrance, sharp edged
Entrance, slightly round
Entrance, well rounded

Exit from pipe

Sudden contraction

1 THI -

Sudden expansion

For sudden contraction/espansion:

T

|

Small dia. / Large dia.

[ Pipe Sizing and Rating (PIPE) - L
Specifications ] Properties | Calculated F\esu\ts1 WValves Fittingz ‘ Heat Transfer |
Please enter the number and type of valves below b
Gate valve Buiterfly 2-6 inches Swing check. clearway
Globe flat. bevel. plug Butterfly 10-14 inches Swing check, lilting seat
Globe wing/pin guided disc Butterfly 14-24 inches Tilt disk 5 d=g 2-8 in
Angle, no obstruction Flug, straight Tilt disk 5 deg 10-14 in
Angle wing/pin guided disc Plug, 3-way straight Tilt digk 5 deg 16-48 in
*r-pattern globe B0 deg Plug, 3-wayp branch Tilt disk 15 deg 28 in
‘r-pattein globe 45 deg Foot walve, poppet disk Tilt digk 15 deg 10-14 in
| Ball valve Foot walve, hinged disk Tilt disk 15 deg 16-48 in l_ Plpe Sizi ng and Ratlng (PIPE) -
| User specified fitings/valves Lift or stop check, globe ,7
Type L/D Krks Ki kd Count -
[UD - | | | Lift or stop check, angle l_ T eeh oA |
(Lo | | |
‘ LD het | | | Enter number of welded fittings
Elbow 45 deg, R/D=1.0
Help Fenee] oK. Elbows 45 deg, R/D=1.5
Elbow 45 deg, R/D=2.0
Fieturm 180, R/D=1.0
. . P ’
Figure 14 — The Pipe UnitOp’s Valves tab Fistuin 190, R/D=1.5
Return 180, R/D=2.0
Tee 100% flow-thr run
[l Tee 100% flow-out branch
o Tee 100% flow-in branch
Reducer
Help

Cancel oK

Figure 13 - The Pipe UnitOp’s Fittings tab

Let’s see what CHEMCAD calculates, as shown by clicking on the Calculated Results tab and given in Figure 15.

[:Tji Pipe Sizing and Rating (PIPE) -

Specifications

Pressure diop
Output press.
DPA00 k. psi
Flowi regime:

DF friction

DP elevation
DP acceleration
Reynolds # vap
Reynolds # liq
| Fricfactrlig

W[ Fric factr vap
Awg density
Welocity

Min. velocity
Heat loss

] Properties I Calculated Results Valves
91.9895 o
10801 b E length of fittings
129362 Tatal E length
] Max Gas Flow
Case study #2
540122 P i
86.5883 .
] o DPZAD0H, psi
,7 £ Velocity 2
Flow regime 2
241709
0,02589 Case study 43
P3 diop
E2.3436 3 DP2/100 ft, pei
315429 Filbas Velocity 3
0.664872 (e Flow regime 3
Etush

I Fittings

17.528 ft
[z &

psi

ft/sec

‘ Heat Trangfer }

Help

Cancel oK

Figure 15 — The Pipe UnitOp’s Calculated Results tab




The Delta P for elevation and the frictional Delta P are given as separate items. The pressure drop at the top of

the list is simply the sum of the two, 91.99 psi. The pressure drop/100 ft is calculated from the frictional

pressure drop and the total equivalent length of pipe, which includes the effect of fittings and valves. The

velocity, Reynolds Number, and friction factor are also given. If you select Report > UnitOps > Select UnitOps

from the main menu, you can obtain the same information and a bit more, in a form that you can print if

desired.

Before moving on, let’s take a look at the sizing options under the Specifications tab, as shown in Figure 11:

If the 0 option, Rating, is chosen, the pipe outlet pressure is calculated when the pipe diameter, the flow
rate, and the inlet pressure are specified. Running with these options produces identical results to those
given in Figure 14, where Delta P = 91.99 psi.

Options 1, 2, and 6 are the design options, discussed above. Option 3 is for two-phase flow and will not
be discussed in this paper.

Option 4 is the reverse of the rating option: the outlet pressure is specified and the inlet pressure is
calculated. Let’s choose this option and set the inlet and outlet pressures to 14.7 psia. Since the flow
rate is unchanged, the delta P should also be unchanged at 91.99 psi. If you run this case, the inlet
pressure is 106.69 psia and the delta P is indeed 91.99 psia, as expected.

Option 5 calculates the flow rate with the pipe diameter and the inlet and outlet pressures as inputs. Try
using this option and increasing the inlet pressure from the current 106.69 psia to 164.7 psia. Keep the
outlet pressure at 14.7 psia so that Delta P = 150 psia. The flow rate increases to 73.6 gpm. Option 5 is
important for more complicated branched networks, as will be discussed in Part 2 of this paper.

Now reset the flow rate and pressure of stream 1 to 20 gpm and 200 psia, respectively. Select option 0 and

specify the diameter as 1.5 inches. In addition, let’s do a case study and specify two other pipe diameters in the

dialog box—1.0 inch and 2.0 inch—as shown in Figure 16.

- Pipe Sizing and Rating (PIPE) - ‘ EZ |

Method

Specifications | Properties Calculated Results

Sizing oplion | 0 R ating [default] - |

Walves | Fittings | Heat Transfer I
o 1

| 2 Single Phaze flow b A |

MNumber of segments

Pipe diameter ’157 in PFipe diameter iz 1D unless schedule is specified
Pipe Schedule ’407 Optional pipe case studies

Fipe Lenath 400 ft Fipe diameter case #2 ,77 in
Elevation change ¥ | ‘ZUU ft Pipe diameter case #3 '27 in

{ Friction factor model 0 Churchil - |

Enter one of the following:

" Roughness factor |0.00015 It

& Pipe Material Commercial Steel > ‘ [ il e s s et

[ Include holdup in dynarnic simulation

Help Cancel (0]

Figure 16 — The Pipe UnitOp’s Calculated Results tab

If you run the pipe simulation and then look at the Calculated Results tab, you’ll see that the results are identical

to what you saw in Figure 6, as expected.



Add a Pump

Now let’s add a pump to the problem, as shown in Figure 17. The filename is #2SimpleCaseWithPump.

P1
[1] P2 —
Q) @

Add a Pump
P PUMP

&z
9] @

Piping Run after Pump: 1 horizontal run of 200 ft, with 2 - 90 degree elbows
1 vertical run of 200 ft with one ball valve and 3 - 90 dgree elbows

What is the outlet pressure of the pump corrsponding to P2 = 14.7 psia?

Figure 17 — Single pipe with pump

In this example the water flow rate is 200 gpm. The stream information for stream 1 is given in Figure 18.

B ' Edit Streams |73§ i\
[ Flashl Cancel l | Ok l
Stream No. 1
Stream Name Pl
Temp F 60
Pres psia 14.7
Vapor Fraction 0
Enthalpy kBtu/h | -684491
Total flow 200
Total flow unit stdL gpm
Comp unit weight frac
Water 1

Figure 18 — Specifications for stream 1

If we use the typical pipe sizing option for stream 1, we obtain a pipe size of 4 inches with a fluid velocity of 5
ft/sec, within the suggested range of 3 — 8 ft/sec. Typical guidelines for suction side piping for centrifugal pumps
often recommend the same pipe size as the outlet piping or one pipe size larger. In this example, we will use 6
inches as the suction side pipe size, and 4 inches as the downstream pipe size. We will need to provide a reducer
on the suction side of the pump at the pump inlet nozzle. In addition, there should be at least 5 — 10 pipe
diameters of straight pipe entering the pump to ensure optimal suction.

Figure 19 shows the suction side pipe dialog box. It is 6 in. Sch 40, 20 feet long with a drop in elevation of 8 feet.
There are 2 ball valves in this line, one reducer and two 90° elbows. The pump outlet line is 4 in. Sch 40 and is
400 feet long with an increase in elevation of 200 feet. It has one ball valve and five 90° elbows.

10



- Pipe Sizing and Rating (PIPE) -

[ 3

Specifications ] Properties Calculated Hasullsl Walves ] Fittings ‘ Heat Transfer ]

| : o7

hethad [2 Single Phage flow - l

Sizing option [U Rating [default) b4 I

Mumber of segments

Fipe diameter E in Pipe diameter iz 1D unless scheduls is specified

PFipe Schedule 40 —Optional pipe case studies

Fipe Length 20 ft Pipe diameter case #2 in
| -8 ft Pipe diameter caze #3 in

Friction factor model

0 Churchill L

—Enter one of the following:

1~ Roughness factar ||0.00015 it

' Fipe Material Commercial Steel ~ +

[ Include holdup in dynamic: simulation

W Include gas expansion factar,

Help

Cancel Ok

Figure 19 — Suction side pipe dialog box
What is the required pressure at the pump outlet to deliver this flow? Figure 20 shows the pump dialog box.

7 - Pump (PUMP) -

SoecFean | Cost Extimation
ID: 6
Pump operatingmode & On
oK
Mode
Soecdy outie! o
Outhet 5pecify pressune increste 513
Enter chaiacterislic eqn
SAcEbEomance Stk
Efficiency a5 Pedomance curve calc option
Calculated results: | Pout from downsiteam uop. cal: fowrale ¥ |
MPSH[available) 411702 ft ¢ Calculste HPSHa
orm— [atsumes detaded piping is specified
Calculsted power ﬁmm hp in the flowshest)
Calcudsted Pout 1057 psia
Head {F:i2 I
Wol flow rate. 200.27 gpm Mass Rate 100145 bh

Helo Cancel oK |

Figure 20 — Pump dialog showing mode selection

The pump can be on or off. There is a choice of modes or calculation basis. The pump outlet pressure, the
pressure increase across the pump, or the pump curve can be specified. In this example, we will specify the
pump outlet pressure as 150 psia. In later examples, we’ll explore the more typical situation when the pump
curve is known. We can also request that CHEMCAD calculate the available NPSH; we’ll cover this in more detail
later.

After the simulation runs, the flow rate of 200 gpm set for stream 1 is unchanged. As shown in Figure 21, the
pump outlet pressure is 150 psia, as specified and the outlet pressure of the system is 59 psia.

11



FLOW SUMMARIES:

Stream No. 8 2
Stream Name PUMF P P2
Temp F 60.6507 60.6507
Pres psia 150.0000 58.9982
Enth kBtu/h -6.8443E+005 -6.8443E+005
Vapor mole frac. 0.00000 0.00000
Total 1lbmol/h 5558.9629 5558.9629
Total 1b/h 100144.7109 100144.7109
Total std L gpm 200.0000 200.0000
Total std V scfh 2109507.50 2109507.50

Flow rates in lb/h

Water 100144.7109 100144.7109

Figure 21 — Pipe 1 inlet and outlet streams

If the desired pressure is 14.7 psia, how can that be achieved? One simple way is to recognize that the pressure
drop across pipe element #1 for a flow rate of 200 gpm is fixed. This pressure drop is 150 - 59 = 91 psi. The pump
pressure must be 14.7 + 91 = 105.7 psia. If we set this as the new pump pressure and run the simulation, the
desired pipe outlet pressure will be achieved, as shown in Figure 22.

FLOW SUMMARIES:

Stream No. 8 2
Stream Name PUMP P P2
Temp F 60.4320 60.4320
Pres psia 105.7000 14.6554
Enth kBtu/h -6.8445E+005 -6.8445E+005
Vapor mole frac. 0.00000 0.00000
Total 1bmol/h 5558.9629 5558.9629
Total 1b/h 100144.7109 100144.7109
Total std L gpm 200.0000 200.0000
Total std V scfh 2109507.50 2109507.50

Flow rates in 1b/h

Water 100144.7109 100144.71089

Figure 22 — Pipe 1 inlet and outlet streams with new pump pressure

Add a Controller

A more efficient way to determine the required pump pressure is by adding a feedback controller to the
flowsheet as in Figure 23. The filename is #3SimpleCaseWithPump&Controller. In this way, any other changes
in the system like flow rate or piping configuration, will be automatically accounted for without the need for a
hand calculation.

Add a Pump and Controller
The controller sets the pump outlet pressure so that the required P2 is obtained

P1 Generate System Operating Curve
(2) SYS OUT
[1] P2 S &~
Q) ®

PUMP P
pumpiIN (&)

g m

Piping Run: 1 horizontal run of 200 ft, 2-in Sch 40 pipe with 2 - 90 degree elbows
1 vertical run of 200 ft with one ball valve and 3 - 90 dgree elbows

)

Figure 23 — Adding a feedback controller to the flowsheet
12



The dialog box for the controller is given in Figure 24. We are determining the pump outlet pressure for a
desired system outlet pressure of 14.7 psia. Under the Feedback Options tab, set the tolerance to 1e-5 and let
CHEMCAD decide how to vary the pump outlet pressure to best arrive at the desired outlet pressure.

Controller (CONT) - L x
General Settings l Calculated Results I Feedback Options
Controller Mode: Feed-backward i b2
Adjust thiz variable
UnitOp: | 1D rumber (B Wariable 2 Output prezsurs =
Pinimum value Unit of adjusted variable:
Marimum value
Until this
& Stieam D rumber |2 Vaiisble [2Pesse ]
" Equipment Scale Component |<Nuna> v|
Arithmetic Operator 0 Mo operatar x
|z equal to this target
* Stieam 1D rumber “Wariable Mone: )
™ Equipment Scale Compohant <Mone> -
Help Cancel (1]

Figure 24 — Controller settings

Before running the simulation, let’s arbitrarily set the pump outlet pressure at 200 psia and run the simulation
with the controller turned off. Set the Controller Mode to Controller off. The results of the simulation are given

in Figure 25, for all streams in the flowsheet.

Simulation: #55impleCaseWithPump&Controller

FLOW SUMMARIES:

Stream No. il 2 3 g8
Stream Name P1 P2 5Y5 OUT PUMP P
Temp F 60.0000% 60.5398 60.5398 60.5398
Pres psia 14.6960% 108.9965 108.9965 200.0000
Enth kBtu/h -6.8445%E+005 -6.B8444E+005 -6.8444E+005 -6.8444E+005
Vapor mole frac. 0.00000 0.00000 0.00000 0.00000
Total lbmol/h 5558.9629 5558.9629 5558.9629 5558.9629
Total 1b/h 100144.710% 100144.7109 100144.7109 100144.7109
Total std L gpm 200.0000 200.0000 200.0000 200.0000
Total std V scfh 2109507.50 2109507.50 2109507.50 2109507.50

Flow rates in 1lb/h
Water

100144.7109

Stream No. 9
Stream Name PUMP IN
Temp F 60.0007
Pres psia 18.0767
Enth kBtu/h -6._8448E+005
Vapor mole frac. 0.00000
Total lbmol/h 5558.9629
Total lb/h 100144.7109
Total std L gpm 200.0000
Total std V scfh 2109507.50

Flow rates in 1b/h
Water

100144.7109

100144.7109

100144.7109

Figure 25 - Stream flow summaries with controller off
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The Delta P across the downstream pipe is 91 psi as we previously calculated. The system outlet pressure is 109
psia. The pump outlet pressure of 200 psia is set. Note that the stream pressure at the pump inlet, 18 psia, is
higher than the pressure at the upstream pipe inlet of 14.7 psia. CHEMCAD accounts for the hydrostatic
pressure increase due to the 8-foot drop in elevation.

Now let’s turn the feedback controller on and run the simulation to determine the pump pressure
corresponding to the system outlet pressure of 14.7 psia. Figure 26 shows the simulation results and that the

pump outlet pressure is correctly determined at 105.7 psia.

FLOW SUMMARIES:

Stream No. 1 2 3 a
Stream Name Pl P2 5Y5 OUT PUMF P
Temp F 60.0000* 60.2600 60.2600 60.2600
Pres psia 14.6960* 14.6960 14.6960 105.7029
Enth kBtu/h -6.8449E+005 -6.8447E+005 -6.8447E+005 -6.8447E+005
Vapor mole frac. 0.00000 0.00000 0.00000 0.00000
Total 1bmol/h 5558.9629 5558.9629 5558.9629 5558.9629
Total 1b/h 100144 .7105 100144 .7109 100144.7109 100144.7109
Total std L gpm 200.0000 200.0000 200.0000 200.0000
Total std V scfh 2109507.50 2109507.50 2109507.50 2109507.50

Flow rates in lb/h
Water

100144.7109

Stream No. 9
Stream Name PUMP IN
Temp F 60.0005
Pres psia 18.0767
Enth kBtu/h -6.8445E+005
Vapor mole frac. 0.00000
Total 1bmol/h 5556.9629
Total 1b/h 100144.7109
Total std L gpm 200.0000
Total std V scfh 2109507.50

Flow rates in lb/h
Water

100144.710%

100144.7109

100144.7109

100144.7109

Figure 26 — Stream flow summaries with controller on

This flowsheet can be used to determine the operating curve for this system. This curve shows the relationship
between the pump outlet pressure, or head, and the system flow rate. In CHEMCAD, this can easily be
calculated using the powerful Sensitivity Study feature. With a sensitivity analysis, we can make repetitive
simulations automatically changing the flow rate incrementally and calculating the pump head at each
increment. You can generate a graph of pump head vs. flow rate that can be superimposed on the pump
operating curve to determine the pump’s operating point and actual system flow rate.
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To access an existing sensitivity analysis, select Run > Sensitivity Study > [study name] > Edit, as shown in Figure

27. The name of the analysis in this case is Pump Head vs Flow Rate.

Convergence..,
= Run L4
Becycles |
{j| Sensitivity Study I Mew Analysis
h Optimization ’ | PumpHeadvsFlow Rate Copy L
Data Reconciliation Gl s el ot ddhea Delete =T
' Dperating Curve Rename
- | ;d't M |"SI
un All =
Run Selected
@ Report Results
Plot Results

Figure 27 — Accessing the sensitivity study

The first tab in the Edit Sensitivity Study dialog box is called Adjusting, as shown in Figure 28. On this page we
specify the independent variable we wish to very incrementally.

- Edit Sensitivity Study - ||

Adjusting

Recording [1 of 4] | Recording [2 of 4] | Recording [3 of 4] ] Recording [4 of 4) |

—Independent “ariable 1

£ Faipmant o 1 Variable ‘ 9 Total act vol rate = ]
(+ Sheam Comp {<None> ']
Yariable name ‘FIOW Rate “ariable Units 29 Actuallig valrate. ¥
Wany this variable fram |5D o [200 in ‘1 8 equal steps.
|Independent Yariable 2 (optional]
& Equipment D Variable “NU"E> 'J
" Shream

Comp {<Nune> 7 ]
Wariable name ‘ Wariable Units
Wary this variable from | to in ‘ equal steps.

Help

Cancel QK

Figure 28 — The Adjusting tab

The independent variable is the flow rate of Stream 1 in gpm. Specify the flow range you want and the size of
each step change in flow. The flow range is 50 — 500 gpm in 25 gpm increments. Sensitivity analysis in CHEMCAD
allows us to specify a second independent variable that will provide parametric plots. This can be extremely
useful in applications where we want to examine the effect of changing two system variables, for example,
temperature and pressure. A second independent variable is not needed in this example.

The next three tabs of the dialog box are labelled Recording. As shown in Figures 29 and 30, these pages allow

you to record up to twelve variables of interest for the analysis at each incremental step of CHEMCAD’s
calculations.
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Edit Sensitivity Study - [exal

Adjusting Recording [1 af 4] I Recording (2 of 4) 1 Recording [3 of 4) ] Recording [4 of 4] I

Dependent Yariable 1

T
28 D 1 Variable [ 6 Calculated Pout V]

{* Equiprment
" Steam Comp [(NDnE) VI

Wariable name Pump Discharge Pressure “ariable units 4 Fressure =

-Diependent Y aiiable 2

e D B Varisble | 5 Calculated power -

&+ Equipment
 Sheam Camp

Wanable name Purnp Power “Wariable Units

:Dependénl Va‘liab\é 3-

22 D 5 Variable 7 Head -

+ Equipment |
7 Stream Comp I<None> VI

“ariable name Head “ariable Units 11 Length i

Help Cancel Ok

Figure 29 — Recording (dependent) variables for sensitivity study

|<None> v|

Edit Sensitivity Study - [ X |

Adiusting Recording (1 of 4] | Recordng (2 of 4] ‘ Hecording[SoM]] Hacarding[4or4]l

—Diependent Yariable 4

T
i D & ‘ariable [ 9 Mass flow rate v|

& Equipment
° Stream Comp I<Nome> - ]

\iatizble hame tass Flow ‘' ariable units 16 Mass rate X

Dependent Yariable 5

Type § -

1o} & Warizble 10 MPSH available -
& Equipment [ I
" Sheam Camp [(Nnne> V]

ariable name MNPSHa “ariable Units 11 Length A

: Dependent Yariable B

Tvpe D Watiable l(None> - ]

& Equipment
£ Stream Camp [(None) ']

Vaiiable name Waiiable Urits 0 Mo unit v
Help Cancel QK

Figure 30 — Recording variables, continued

With the variables all specified, you can now execute the Run All command for the sensitivity study, using the
menu path shown in Figure 27. Tabular results can be obtained by clicking on Report Results in the same
submenu. The tabulated results are given in Figure 31.
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Sensitivity Analysis Report
PumpHeadvsFlow Rate

Run Flow Rate  Pump Discharge f Pump Power Head Volumetric Flow  NPSHa
# gpm psia hp i gpm ft
0 50 101.618 2.43607 152.786 50 41.338
1 73 101.988 3.67058 193.655 73 41.3221
2 100 102.483 4.92357 194.821 100 41.3007
3 125 103.103 6.2005 196.279 125 41.2735
4 150 103.844 7.50676 198.024 150 41.2417
5 175 104.708 8.84772 200.055 175 41.2042
6 200 105.692 10.2287 202.371 200 41.1615
7 225 106.796 11.6551 204.97 225 41.1134
8 250 108.02 13.1322 207.851 250 41.0602
9 275 109.365 14.6652 211.014 275 41.0017
10 300 110.828 16.2596 214.459 300 40.938
11 325 112.411 17.9205 218.184 325 40.865
12 350 114.113 19.6533 222.19 350 40.7595
13 375 115.935 21.4633 226.476 375 40.7157
14 400 117.875 23.3557 231.041 400 40.6312
15 425 119.934 25.3359 235.887 425 40.5416
16 450 122.112 27.4091 241.012 450 40.4468
17 475 124.408 29.5805 246.416 475 40.3469
18 500 126.823 31.8556 252.099 500 40.2418

Figure 31 — Tabular results from the sensitivity study

To obtain graphical results, use the same menu path and click on Plot Results. A new dialog box opens as shown
in Figure 32, giving the variables you might want to plot. In this case you should plot Head vs system flow rate.
The graph produced is given in Figure 33.

S nsitivity Plol T [ ¢ |
i Select plot Y axis options

[~ FlowFRate Aot
r Purnp Discharge P W
r Pump Power ¥ vl title
v Head Head

| [~ Wolumetic Flow

[ r MPSHa Plat < axiz option
row
I N
™ N
I N
T N
[~ N
r i Cancel DOk

Figure 32 — Sensitivity Plot dialog box
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Sensitivity Analysis

TEEERE

g =
R o > =

ERE R

W 0 50 70 90 VD 130 150 170 190 210 230 250 270 290 310 330 350 0 30 410 430 450 470 430 S0 530 550 S0 530

Flow Rate gpm

- Head

Figure 33 — Sensitivity study plot

Add the Pump Curves

Typical pump operating curves are shown in Figure 34 (4).

’
.

Inline or Top-Suction 1y ik
Type Pum /
T Horizontal
50 NPSH,Water  End-Suction
60 Type Pump

Efficiencies Based on API Clearances (Below 500°F)

M Figure 3. Typical operating curves for a centrifugal pump, here for a depropanizer
reflux pump (2). (Courtesy of Gas Processors Suppliers Association)

Figure 34 — Typical pump curves
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This paper by Fernandez, K., et al., entitled “Understanding the Basics of Centrifugal Pump Operation,” provides
an excellent summary of the topic. The pump operating curves relate total head, power, NPSHR, and efficiency
to flow rate for specific pump impeller diameters. Total head is defined as the difference in pressure between
the outlet and inlet of the pump expressed in feet of water column.

The flowsheet for adding pump curves is shown in Figure 35. The filename is
#4SimpleCaseWithPumpCurve&Controller.

Add a Pump and Controller
Use Pump Curve
The controller sets the flow rate of stream 1 so that the required P2 is obtained

Concepts Demonstrated

1. Using a Pump Curve to characterize the pump’'s operation
2. Obtain the true operating point of the pump for this system -
where the pump curve and the system operating line cross

m P2 @ SYS OUT

(X ey
@ ®
PUMP P
PUMP IN

©
g = O

Piping Run: 1 horizontal run of 200 ft, 2-in Sch 40 pipe with 2 - 90 degree elbows
1 vertical run of 200 ft with one ball valve and 3 - 90 dgree elbows

Figure 35 — Flowsheet for pump curve

If you open the pump dialog box and choose Specify performance curve, as shown in Figure 36, you can see that
the pump speed is a required specification. Pump speed should be available from the pump vendor and is often
provided on the pump curves. Clicking OK produces the filled-in input form for pump curves, as shown in Figure
37.
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-Pump (PUMP)- e 5=

Specifications | Cost Estimation |
ID: 6

Purmp operating made % On
O

Mode | Spacify performance cure
Mumber of speed nes |1

Furmp speed 3560 RPM

Flow scale factor

Efficiercy 057622 Perfarmance curve calc option
o [Fied flawrate, cale Pout -

Calculated results:

¥ Calculate NPSHa
[azsumes detailed piping is specified
in the flowsheet]

MPSH([available]
Calculated power
Calculated Pout

Head

Vol fow rate Mass Rate bk

Help Cancel | Ok

Figure 36 — Pump specifications

81 Performance Curve
Flow Efficiency Head
(gpm) (ft)
1(50 0.345 3558
21100 0489 350
3150 0.5725 3389
41200 0.638 3278
\l 5250 0.67 3111
6300 0.68 2841
7350 0.6148 2441
81400 0471 175
g0 0 0
10|0 0 0

Figure 37 — Pump performance curve

We can plot the total head vs flow rate curve for the pump from Figure 37 and the head vs flow rate for the
system from the table given in Figure 31 on an Excel spreadsheet, as shown in Figure 38. Where they cross is the
flow rate the pump should deliver. This flow rate is about 366 gpm.

20



System Operating Line & Pump Curve
400 NN EEEEN AN
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E
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© 1 =
% L
200 ENENEREN ik -
.\JL
150
100
0 50 100 150 200 250 300 350 400 450 500
Flow rate (gpm)

Figure 38 — System operating line and pump curve

Now let’s run the CHEMCAD simulation for the flowsheet in Figure 35 to see if this result is matched. Figure 39,
obtained by clicking Report > Stream Properties > All Streams on the main CHEMCAD menu, shows that the
flow rate is indeed accurately determined by CHEMCAD using the pump curve. If a lower flow rate is desired, say
200 gpm, a control valve needs to be added to the line.

STREAM PROPERTIES

Stream No. 1 2 3 8 9
Name P1 P2 SYS OUT PUMPP PUMP IN
Temp F 60 60.5002 60.5002 60.5004 59.9999
Pres psia 14.696 14.696 14.696 115.2723 17.8793
Vapor mole fraction 0 0 0 0 0
- - Liguid only - -

Molar flow Ibmol/h 10163.46 10163.46 10163.46 10163.46 10163.46
Mass flow Ib/h 183094.719 183094.719 183094.719 183094.719 183094.719
Average mol wt 18.015 18.015 18.015 18.015 18.015
Actual dens Ib/gal 8.3332 8.3328 8.3328 8.3328 8.3332
Actual vol gpm 366.1547 366.171 366.171 366.171 366.1547
Std lig gpm 365.6603 365.6603 365.6603 365.6603 365.6603
Std vap 60F scfh 3856815.75 3856815.75 3856815.75 3856815.75 3856815.75
|Cp Btu/Ib-F 1.0026 1.0022 1.0022 1.0022 1.0022
Z factor 0.001 0.001 0.001 0.0078 0.0012
VisccP 1.148 1.14 1.14 1.141 1.148
Th cond Btu/hr-ft-F 0.3423 0.3425 0.3425 0.3425 0.3423
Surf. tens. dyne/cm 73.7315 73.6837 73.6837 73.6837 73.7315

Figure 39 — Stream summary using pump curve

NPSHR and NPSHA

However, before we do this, let’s digress and define NPSHR, net positive suction head required, and NPSHA, net
positive suction head available. The former is a characteristic of the pump and must be specified by the pump
manufacturer. The latter is a characteristic of the pipe configuration and the fluid being pumped. It must be
calculated as is done by CHEMCAD.

NPSHA is the absolute pressure at the suction port of the pump.
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NPSHR is the minimum pressure required at the suction port of the pump to prevent the pump from cavitating.

To prevent cavitation, NPSHA must be greater than NPSHR. More suction side pressure must be available than is
required by the pump. Pump cavitation occurs when the pressure at the pump inlet is below the vapor pressure
of the liquid. Vapor bubbles form at the pump inlet and are moved to the discharge side of the pump where
they collapse often causing pitting and damage to the pump impellers. If cavitation occurs, the pump will be
noisy, will experience loss of capacity and reduced operational life. NPSHA is calculated from the following
equation:

NPSHA = HA + HZ — HF + HV — HVP
where:
HA = the absolute pressure on the surface of the liquid in the supply tank.

HZ = the vertical distance between the surface of the liquid in the supply tank and the centerline of the
pump. This is positive if the supply tank is above the pump and negative if it is below. As the feed tank level
drops during pumping, the NPSHA will also drop.

HF = the frictional losses in the suction piping from the supply tank to the pump inlet.
HV = the velocity head at the pump suction port. This is usually small and is often ignored.
HVP = absolute vapor pressure of the liquid at the pumping temperature.

The calculations should be done in pressure units of feet of water column to match the way NPSHR is usually
specified. In particular, HZ, the liquid static head must take liquid density into account for liquids other than
water.

For the example of Figure 35, NPSHA is calculated as follows using results obtained from the CHEMCAD
simulation:

NPSHA = 14.696 + 3.4682—- 0.2802 + 0 — 0.2564 = 17.383 psia

This is equivalent to 40.66 feet of water column. CHEMCAD calculates 40.7 feet as shown in Figure 40, obtained
from Report > UnitOps > Select UnitOps > 6 > OK from the main CHEMCAD menu.

Pump Summary

Equip. No. 6
Name
Qutput pressure psia 400.0000
Efficiency 0.5769
Calculated power kW 26.9065
Calculated Pout psia 115.2724
Head ft 224.59566
Vol. flow rate gpm 366.15486
Mass flow rate 1b/h 183094.64086
NPSH available f£ft 40.7051
Char. Eg/Perform curve 2
No. of RPM lines 1
Pump RPM 3560.0000
Request NPSH calc 1

Figure 40 — Pump summary
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Add a Control Valve to Achieve a Desired Flow Rate

Now let’s add a control valve downstream of the pump to control the flow to the desired 200 gpm. There are
many online sources for control valve sizing (5-8). Blackmonk Engineering (7) in particular, provides an excellent
step-by-step calculation guide for sizing a control valve. Guidelines for choosing a linear valve or an equal
percentage valve are discussed in (9).

CHEMCAD provides a control valve sizing option. It is important to point out that this is a starting point for actual
valve selection. | recommend that you use a sizing guide similar to (7) and vendor-supplied software to finalize
the design.

To begin the control valve sizing for this problem, estimate the required control valve pressure drop to achieve
200 gpm flow rate. We can easily do this by going back to the simulation with filename
#3SimpleCaseWithPump&Controller. This flowsheet corresponds to the case where we set the inlet flow to 200
gpm and used a controller to set the outlet pump pressure so that the system outlet pressure is 14.7 psia.

As shown in Figure 41, for simulation with filename #5SimpleCaseEstimateControlValveDeltaP, we add a
control valve and show the pressure at various points in the pipe line corresponding to 200 gpm flow rate. Note
that the calculation controller is removed because the control valve outlet pressure can be set in the control
valve dialog box.

Estimate Required Delta P Across Control Valve
For Flow = 200 gpm Water

W47 poin DP = 54 psia

m 14.7 psia

@ Add a Pump
159.7 psia

B O
18.08 psia Q

Piping Run after Pump: 1 horizontal run of 200 ft, with 2 - 90 degree elbows
1 vertical run of 200 ft with one ball valve and 3 - 90 degree elbows

Figure 41 — Flowsheet for estimating control valve delta P

The actual pump outlet pressure is obtained from the total head vs flow rate curve for the pump. Remember
that the total head is the difference between the pump outlet and inlet pressures expressed in units of feet of
water column. The total head at 200 gpm is 327.8 feet of water column, as shown in Figure 37. This corresponds
to 142.08 psia. Adding this to the pump inlet pressure of 18.08 psia gives an absolute pump outlet pressure of
160.19 psia. CHEMCAD calculates 159.97 psia, which we will use in our calculations.

The pressure drop across the downstream pipe for 200 gpm flow is 91 psia, from the simulation
#3SimpleCaseWithPump&Controller. Thus, the pressure at the pipe outlet is 68.97 psia. We know that the

system outlet pressure is 14.7 psia, so the control valve pressure drop must be approximately 54.27 psia.
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Now let’s size the control valve with CHEMCAD in #5SimpleCaseEstimateControlValveDelta P. We need to
determine the valve inlet pressure, so we set the outlet pressure of the pump to 159.97 psia, as shown in the

dialog box in Figure 42.

- Pump (PUMP) -

Specifications Cost E stimation

ID: 6
Pump operating mode & 0On
 of
Mode—| Specify pressure increase VJ
Pressuie increase 169.7 pai
Effisiois 0638173 Performance curve calc option
-

Fired flowrate, calc Pout

Calculated results:

v Calculate NPSHa

MPSH[available] 411702 ft

Calculated power W hp E,?Sl:,l;nazi::?:iad PHugispeciid
Calculated Pout ,W psia

Head 327737 ft

Wal. flow rate 200.27 gpm Mass Rate 100145 b/

Help Cancel oK

Figure 42 — Pump dialog for control valve sizing

Figure 43 shows the unspecified control valve dialog box. As you can see, the valve Cv and downstream pressure
are unspecified. The defaults are linear valve and calculate valve position for a specified flow rate.

- Control Valve - e )

Walve specifications Controller specifications

Valve geometry Aperating mods

Valve flow coefficient [Cyv)
% Fiw flow rate, adjust valve position

10
Hengcehity " Fin walve position, adjust How rate
0.9s

Ciitical flow factar " Fix flow and position, calculate Pout

WValve type
" Equal percentage valve Controller ID
' Linear valve
Static head ft

" Specify valve curve
Supply pressure psia
Downstream pressure psia

Walve position % If dowinstream P niok specified
Minimum position % Destination [0

[ Force forward flow anly

Calc. flow rate b/h
Phase model | Selected by program
Contraller output

Steady state position
Contraller output 55

Help Cancel oK

Figure 43 — Unspecified Control Valve dialog box

M aximurn position %

Calculated results

We now run the simulation for the units upstream of the valve, namely, the pump inlet pipe, the pump, and the
outlet pipe. This establishes the inlet pressure to the control valve. The stream summary in Figure 44 shows that

this is 68.97 psia.
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FLOW SUMMARIES:

CONTROL VALVE SIZING - STREAMS

UPSTREAM OF CONTROL VALVE

Stream No. 1 9 8 2
Stream Name 14.7 psia 18.08 psia 159.97 psia 68.97 psia
Temp F 60.0000%* 60.0005 60.65594 60.6590
Pres psia 14.7000* 18.0807 159.9718 68.9701
Enth kBtu/h -6.8445E+005 -6.8449%E+005 -6.8443E+005 -6.8443E+005
Vapor mole frac. 0.00000 0.00000 0.00000 0.00000
Total 1bmol/h 5558.9629 5558.9629 5558.9629 5558.9629
Total 1b/h 100144 .7109 100144 .71085 100144.7109 100144.7105
Total std L gpm 200.0000 200.0000 200.0000 200.0000
Total std V scfh 2108507.50 21098507.50 2108507.50 21098507.50

Flow rates in 1b/h

Water

100144.7109

100144.7109%

Figure 44 — Control valve sizing, streams upstream of valve

100144.71089

100144.710%

If we now click on Stream 2, the control valve inlet stream, we can select control valve sizing under the sizing
option. This opens the dialog box in Figure 45, which is filled in for this example; the outlet pressure is set at

14.7 psia.

- Control Valve Sizing - [ |
Stream D 2
Downstream pressure 14.7 psia
Critical flow factor 0.98
Correction factor 1
Seat
% Single-seat
" Double-seat
Static head ft
Help Cancel ok

Figure 45 — Control Valve Sizing dialog box

Clicking OK brings up the sizing recommendation given in Figure 46. The stream pressure information we

provided is used in the valve sizing algorithm.
Control Valve Sizing for Stream # 2
Loadings and Properties
Vapor Liguid
Flow rate 0.0000 1b/h 100144.7109 1b/h
Flow rate 0.0000 ft3/hr 200.2822 gpm
Density 0.0000 1b/ft3 8.3327 1b/gal
Total flow 100144.7109 1b/h
Upstream pressure 68.968B3 p=ia
Downstream pressure 14.7000 psia
Critical flow factor 0.9800
Corr. factor for reducers 1.0000
Static head 0.0000 ft
Seat type Single-Seat
Flow type Subcritical flow
Calc. coefficient Cvc 27.1660
Capacity coefficient Cv 36.0000
Ccvc / Cv ratio 0.7546
Valve size 2.0000 in

Figure 46 — CHEMCAD recommended control valve sizing

CHEMCAD recommends a 2-inch valve with a corresponding Cv of 36. The calculated CV is what is required for
the problem and CHEMCAD chooses the next higher number corresponding to a valve size, in this case 36.
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Please note that Cv and valve size may vary from vendor to vendor. For example, an Emerson 2-inch ES globe
valve with linear trim has a Cv of 65.3 at a valve opening of 100% (7). Returning to the valve dialog box by
double-clicking the valve symbol, we see that the valve Cv and valve outlet pressure are entered automatically.

Now let’s run the full flowsheet. Figure 47 provides a stream summary showing all of the stream pressures as
indicated on the flowsheet.

FLOW SUMMARIES: CONTROL VALVE SIZING

Stream No. 1 2 3 8
Stream Name 14.7 psia 68.97 psia 14.7 psia 159.97 psia
Temp F 60.0000%* 60.6590 60.6592 60.6594
Pres @psia 14.7000* 68.9701 14.7000 159.9718
Enth kBtu/h -6.8445E+005 -6.8443E+005 -6.8443E+005 -6.8443E+005
Vapor mole frac. 0.00000 0.00000 0.00000 0.00000
Total 1bmol/h 5558.9629 5558.9629 5558.9629 5558.9629
Total 1b/h 100144 .7105 100144.7109 100144 .7105 100144 .71059
Total std L gpm 200.0000 200.0000 200.0000 200.0000
Total std V scfh 2109507.50 2109507.50 21098507.50 2109507.50

Flow rates in lb/h
Water

100144.7109 100144.7105

Stream No. 9
Stream Name 18.08 psia
Temp F 60.0005
Pres psia 18.0807
Enth kBtu/h -6.8445%E+005
Vapor mole frac. 0.00000
Total 1bmol/h 5558.9629
Total 1b/h 100144.7109
Total std L gpm 200.0000
Total std V scfh 2109507.50

Flow rates in 1b/h
Water

100144.7109

100144.7109

100144.7109

Figure 47 — Summary showing all stream pressures in flowsheet

Opening the valve dialog box shows that the valve is 84% open. If we try a 3-inch valve with Cv of 75 as per
CHEMCAD, the valve is 40.3% open. The usual guideline for valve opening at maximum expected flow rate is 20-
80%. Accordingly, | would choose the 3-inch control valve. The valve can also be positioned between the pump
and the pipe as shown in the file called #6SimpleCaseControlValveAfterPump.

Add a Restriction Orifice

CHEMCAD permits the addition of a restriction orifice plate to a piping system. This is demonstrated in the
CHEMCAD file called #7SimpleCaseWithControlValve&RO. To size the RO, right-click stream 4, the pump outlet,
and select Sizing > Orifice Sizing. This opens the filled-in orifice sizing dialog box, as shown in Figure 48.

- Orifice Sizing - [ X
Pressure taps: Stream D 4
o
" Comer
@+ DandDA2
7 21/2D and BD
Pipe inzide diameter 4.026 in
Differential pressure 2768 in of water at 68 F. 14,655 psia

Thermal E xpansion factor inchesdinches F

Help Cancel (118

Figure 48 — The Orifice Sizing dialog box
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Required inputs are pressure tap locations, pipe inside diameter, and pressure drop in inches of water column.
Information about orifice configuration and pressure tap locations is available in the Chemical Engineers’
Handbook (10). The pressure drop chosen for this example is 10 psi. If you click OK, the CHEMCAD
recommended sizing is shown, as in Figure 49.

Orifice Sizing for Stream # 4

Loadings and Properties

Vapor Liguid
Flow rate 0.0000 1b/h 100144.7109 1b/h
Flow rate 0.0000 ft3/hr 200.2822 gpm
Density 0.0000 1b/ft3 8.3327 1b/gal
Pressure taps D and D/2
Differential pressure 276.8000 in of water
Reynolds No. 137887.2230
Sm (Sizing parameter) 0.1309
cd (Discharge coefficient) 0.6038
Beta ratio (d/D) 0.4603
Pipe inside diameter (D) 4.0260 in
Bore size (d) 1.8534 in
Kr (Flow resistance factor) 45,9733

Figure 49 — Recommended orifice sizing

The recommended bore diameter is 1.85 inches, and the flow resistance factor, Kr, is 46. Kr is used to insert the
orifice into the pipe UnitOp that follows the pump.

Returning to the flowsheet, double-click pipe UnitOp 1, then select the Valves tab as shown in Figure 50. The
value for Kr must be inserted; it is not automatically transferred from the orifice sizing procedure. Remember to
fill in the Count box, as shown, to provide the number of orifices.

Pipe Sizing and Rating (PIPE) - I__ 2@ |
Specifications ] Froperties ‘ Calculated Hesults| Valves Fittings ‘ Heat Transfer l
Please enter the number and type of valves below 0]
Gate valve l— Butterfly 2-8 inches ’— Swing check, clearway ’—
Globe flat, bevel, plug l— Butterfly 10-14 inches ’— Swing check, titing seat ’—
Globe wing/pin guided dizsc l— Butterfly 14-24 inches ’— Tilt dizk 5 deg 2-8in ’—
Angle, no obstruction l— Plug, straight ’— Tilt dizk 5 deg 10-14 in ’—
Angle wing/pin quided disc | Plug, 3way shaight [ Tikdisk 5 deg 16481 [
‘f-pattern globe B0 deg Plug, 3-way branch Tilt disk 15 deg 2-3 in
“-pattern globe 45 deg l— Foot walve, poppet disk ’— Tilt dizk 15 deg 10-14 in ’—
Ball valve [T Footvalve, hinged disk [ TitdiskiSdegie4din |
Uszer specified fitings/valves Lift or stap check, glabe ’—
Tupe LD Krks Ki kd Count Eiftorstopichecks angle ’—
Kr v 459733 | [ [1
LD | | | |
L/D - | | |
Help Cancel ‘ QK ]

Figure 50 — Adding Kr value to the Pipe specifications

When you run the simulation, you will see that the frictional pressure drop across pipe UnitOp 1 has increased
by 7.88 psi, while the Delta P across the valve has decreased by the same amount. The valve position has
increased from 40.3% open to 43.6%, to adjust for the lower Delta P.
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Part 2 of this paper will expand the scope of investigation to analysis of more complicated systems with

branched piping.

Appendix: Referenced Tables

54 Applied Process Design for Chemical and Petrochemical Plants
Table 2-2
Suggested Fluid Velocities in Pipe and Tubing
The velocities are suggestive only and are to be used to approxi. The final line sire should be such as to give an economical bala
mate fine sire as a starting point for pressure drop calculations. between pressure drop and reasonable velocity
Suggested Trial Sy ted Trial
Fluid Velocity Pipe Material Fluid elocity Pipe Material
Acetylene {Observe Sodium Hydroxide
pressure limitations) 4000 fpm | Steel | 0—30 Percent 6 (ps | Steel
Air, 0 to 30 psig 4000 fpm | Stesl | 30—>50 Percent 5 fpa | and
Ammaonia 50—T73 Percent 4 Niclkel
Liquid 6 [ps | Stesl Sodium Chloride Sol'n.
Gas 6000 fpm | Steel No Solids 5 fps | Steel
Benzene 6 Ipa | Steel With Solids 8 Min — :
Bromine 15 Max.) Monel or nickel
Liguid 4 Ips | Glass 7.5 fps
5 2000 fpm | Glass Perchlorethylene 6 fps | Steel
Calcium Chloride 4 Ips | Steel Steam
Carbon Tetrachloride 6 fps | Steel 030 psi Saturaied® | 4000—8000 fpm | Steel
Chigrine (Dry) 30-150 spi Satu-
Liquid 5 [ps | Steel, Sch. 80 rated or super-
Gas 2000—35000 fpm | Steel, Sch. 80 heated® B000-10000 fpm
Chioroform 150 psi up
Liquid 6 fpa | Copper & Steel superheated A500-15000 fpm
as 2000 ipm | Copper & Steel *Short lines 15,000 {pm
Ethylene Gas 6000 fpm | Steel (max.)
Ethylene Dibromide 4 fps | Glass Sulfuric Acid
Ethylene Dichloride 6 fps | Steel BE—03 Percent 4 (pa | S.5.—316, Lead
Ethylene Glycol B fps | Steel 93—100 Perceal 4 fps | Cast Iron & Steel,
Hy en 4000 fpm | Steel Sch. B0
Hydrochlorie Acid Sulfur Dioxide 4000 fpm | Steel
iguid 5 fps | Rubber Lined Styrene & fps | Steel
4000 fpm | R. L., Saran, Trichlorethylene 6 (ps | Steel
Gas Havrg Vinyl Chloride 6 fps | Steel
Muhyl Chioride Vinylidence Chioride 6 fps | Steel
quu:d 6 [ps | Steel Water
4000 fpm | Steel Average service 3-8 {(ave. 8) [ps | Steel
l\aturgl Gas 6000 fpm S:Qel Boiler feed 4-12 fps | Steel
Qils, lubricating 6 fpa Pump suction lines 1=5 fps | Steel
Oxygen 1800 fpm Max. tetl (300 psig Max.) Maximum economi-
ambient IHﬂp] 4000 fpm | Type 304 gg cal (usuall 7-10 fps | Steel
Prup(Lml:r:: e ycol 5 ips | Steel e 58 R'pll{u]m:m
. water, lined pipe ps saran-
Y - ! Concrete 512 [puE {Min. }l lined, transite
1

Note: R. L. = Rubber-lined steel.

Table 2-2, Suggested Fluid Velocities in Pipe and Tubing (Ludwig, 1977)
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Using CHEMCAD for Piping Network Design and Analysis
Part 2 — Branched Piping Networks
By

Jeffrey L. Silverstein, PhD
Director
Process Simulation Express LLC
Ramsey, NJ 07446

Abstract

CHEMCAD is a powerful tool for designing and analyzing complex piping networks. It enables the engineer to
integrate the piping network simulation into the overall process simulation, calculating a momentum balance in
addition to a heat and material balance. This makes it possible to quickly evaluate the effects of changes in the
process concept, or of its chemicals, on the piping network.

Part 1 of this paper presented a tutorial on how to use the piping network tool for unbranched pipe analysis. In
Part 2 we will add complexity with more complicated networks, culminating in examples that demonstrate how
CHEMCAD can be used to analyze practical plant piping problems.

Introduction

The CHEMCAD software suite is a powerful tool for designing and analyzing complex piping networks (1). In Part
1 of this paper, you saw how to use CHEMCAD to analyze unbranched flow problems. In this paper, Part 2, we
will explore more complicated piping networks in which flow in a single pipe is divided between two or more
downstream pipes, such as the distribution of cooling tower water to various plant heat exchangers and process
vessels. We will also examine the combining of the flows from several pipelines into a single pipe, as might be
seen in the return to a cooling tower. Indeed, complex piping systems are nothing more than compilations of
sections of pipelines that involve dividing and combining flows.

We will begin by examining basic dividing and combining configurations, and see how these can be solved using
CHEMCAD controllers. The two basic configurations will then be combined into a simple network. Again the
solution will be demonstrated using CHEMCAD controllers.

Next we will explore the solution of piping network problems using a nodal method, and discuss simple rules for
using nodes in CHEMCAD. Although CHEMCAD controllers can be used to solve piping networks, as the
complexity increases it becomes more difficult to determine the position and settings for the controllers. In
particular, specifying limits on flow rates that prevent flowsheet non-convergence from occurring can be
challenging. Simulation of the piping network one section at a time to establish flow rate ranges for inclusion in
the controllers of the flowsheet can be frustrating and time-consuming.

The simple rules for using nodes mitigate these issues, and provide for straightforward simulation of the entire
flowsheet. However, with very complex networks, it is still advisable to build the network by converging it
section by section.



Finally, we will look at practical plant piping examples, and see how CHEMCAD can be used to analyze these
examples to understand and correct the plant issue.

Simple Divided Flow Problem Using Controllers

Let’s start with the simple divided flow problem with the filename #1 Simple Divided Flow - Controller Solution.
The flowsheet is given in Figure 1.

SIMPLE DIVIDED FLOW - CONTROLLER SOLUTION

E-1 Calculates Stream 1 Flow
. To Set Stream 7 Pressure
BA P =16.7 psia

@ |3 - ©) [5] @/P=14.7psia 9]

@ 2,_..@ ‘
P =14.7 psia ! E-2 Calculates UnitOP #2 Flow Ratio

To Set Stream B Pressure

PUMP (4] P-2 P =17.7psia 25 o N
10 '

O @ P =14.7 psia

Determine the flow through each branch, the pressure at the pump outlet
and the head against which the pump is pumping

Figure 1 — Simple divided flow problem flowsheet

For details about the pump, heat exchanger, and piping specifications, see the simulation file. The temperature
and pressure (80 °F and 14.7 psia, respectively) of the feed stream, stream 1, are fixed. The pressures of the exit
streams are each fixed at 14.7 psia and the pressure drops of the heat exchangers are 3 and 2 psi, respectively,
as noted in Figure 1. The outlet temperature of each exchanger is 100 °F.

The controllers are used to fix the pressure for each of the exit streams at 14.7 psia. Controller 7 adjusts the flow
of stream 1 to accomplish this for stream 7. Controller 8 accomplishes this for Stream 8, by adjusting the flow
ratio specification in the divider. A specified range of permissible divider settings is provided in the controller
dialog box, namely, 0.10 — 0.90. The initial divider setting splits the flow equally to each branch.

Let’s set the flow for Stream 1 at 10 gpm, as shown in Figure 2.

B | Edit Streams [ 28 |
| F\ash| Cancel | I Ok ‘
Stream No. 1
Stream Name P =14.7 psi
Temp F 80
Pres psia 14.7

Vapor Fraction 0
Enthalpy kBtu/h  |-34124.4
Total flow 10

| | Total flow unit stdL gpm

Comp unit weight frac
Water 1

Figure 2 — Specifications for stream 1



Running the simulation now results in the stream information given in Figure 3. The total flow is about 66 gpm,

with 39 gpm going to the upper pipe and 27 gpm to the lower. This makes sense since the upper pipe is 100 feet

shorter than the lower one and its elevation change is 5 feet lower.

FLOW SUMMARIES: #1 SIMPLE DIVIDED FLOW - CONTROLLER SOLUTION

Stream No. 1 2 3 4 5 6 7 8 9 10
Stream Name P =16.7 psia P=17.7psia P =14.7 psia P =14.7 psia

Temp F 80 80.3765 80.3765 80.3765 80.3757 80.3764 100 100 100 100
Pres psia 14.7 77.8389 77.8389 77.8389 16.7001 17.7 14.7001 14.7 14.7001 14.7
Enth kBtu/h -2.26E+05  -2.26E+05  -1.35E+05 -91259  -1.35E+05 -91259  -1.34E+05 -90996  -1.34E+05 -90996
Vapor mole frac. 0 0 0 0 0 0 0 0 0 0
Total Ibmol/h 1839.2551 1835.2551 1095.8983 743.3568 1095.8983 743.3568 1095.8983 743.3568 1095.8983 743.3568
Total Ib/h 33134.1797 33134.1797 19742.6074 13391.5723 19742.6074 13391.5723 19742.6074 13391.5723 19742.6074 13391.5723
Total std L gpm 66.1726 66.1726 39.4282 26.7444 39.4282 26.7444 39.4282 26.7444 39.4282 26.7444
Total std V scfh 697958 697958 415870 282088.03 415870  282088.03 415870 282088.03 415870  282088.03
Component mass fractions

Water 1 1 1 1 1 1 1 1 1 1

Figure 3 — Flow summary, simple divided flow controller solution

Simple Combining Flow Problem Using Controllers

The filename for the simple combining flow problem is #2 Simple Combining Flow - Controller Solution. The

flowsheet is given in Figure 4. For details about the piping and other UnitOps, see the simulation file.

SIMPLE COMBINING FLOW - CONTROLLER SOLUTION

®

P2="50psig F2=7
6
|E| Calculates Stream 1 Flow Calculates Stream 2 Flow
P3=7? So Stream 5P = Stream6 P To Set Stream 8 Pressure
P1=60psig F1=7? X F=2 5 ® .
5 1 - — (]
Leave Mixer |I| |E| P4 = 20 psig F3=2
Pressure Blank @ @

Determine the flow through each branch with the inlet and outlet pressures fixed

Seven Independent Variables: F1,F2,F3,P1,P2,P3,P4
Four Equations:

F1=1{P1, P3)

F2 = f{P2,P3)

F3=F1+F2

P4= f(F3,P3)

Must specify 3 variables to constrain the system: the inlet and outlet pressures
The controllers determine F1 and F2

Figure 4 — Flowsheet for simple combining flow using controllers

As noted on the flowsheet, there are seven independent variables and four independent equations that define

the flow problem. Three independent variables must be specified to permit solution. These are the pressures of

the feed streams and the exit stream.

Controller 1 adjusts the flow of stream 2 to fix the outlet pressure at 20 psig. Controller 3 adjusts the flow of

Stream 1 so that the pressures of streams 5 and 6 are equal as they enter the mixer, UnitOp 8. The initial setting

for the pressure outlet of the mixer is left blank in the mixer dialog box.

Set the flow for streams 1 and 2 at 10 gpm, as shown in Figure 5.



B | Edit Streams

Flash || Cancel ‘ I oK ]
Stream No. 1 2
Stream Name F1? F2?
Temp F 100 100
Pres psig 50 50

Vapor Fraction 0

0

Enthalpy kBtu/h | -34024.4 -34024.4
Total flow 10 10

Total flow unit stdL gpm stdL gpm
Comp unit weight frac | weight frac

Water A

ik

Figure 5 — Feed stream specifications

Running the simulation now results in the stream information given in Figure 6. The total flow is about 13.3
gpm, with 7.7 gpm flowing through the upper pipe and 5.7 gpm through the lower. This makes sense, since the

lower pipe has a larger equivalent length.

S5tream No. 1 2 3 4
S5tream Name Fl? F2?

Temp C 25.0024%* 25.0024%* 25.0025 25.0025
Pres psig 50.0000* 50.0000* 20.0000 24 .6056
Enth kBtu/h -19056. -25795. -44851. -44851.
Vapor mole frac. 0.00000 0.00000 0.00000 0.00000
Total 1bmol/h 155.1468 210.0087 365:1555 3651555
Total 1b/h 2794.9690 3783.3074 6578.2764 6578.2764
Total std L gpm 5.5819 7.5557 13.1375 13.1375
Total std V scfh 55702.68 75399.90 131102.58 131102.58
Flow rates in 1b/h

Water 2794.9690 3783.3074 6578.2764 6578.2764
S5tream No. 5 ] 7 B8
S5tream Name P2 = 7 B3 = 72

Temp C 25.0022 25.0025 25.0025 25.0025
Pres psig 24 .6056 24 .6056 24 .6056 20.0000
Enth kBtu/h -19056. -25795. -44851. -44851.
Vapor mole frac. 0.00000 0.00000 0.00000 0.00000
Total 1bmol/h 155.1468 210.0087 36551555 365:1555
Total 1b/h 2794.9690 3783.3074 6578.2764 6578.2764
Total std L gpm 5.5819 7.5557 13.1375 13.1375
Total std V scfh 55702.68 75399.90 131102.58 131102.58
Flow rates in lb/h

Water 2794.9690 3783.3074 6578.2764 6578.2764

Figure 6 — Flow summary for simple combining flow controller solution

Simple Network Using Controllers

We now combine the simple divided flow flowsheet with the simple combining flow flowsheet to construct a
simple network, as shown in Figure 7. The filename is #3 Simple Network — Controller Solution. For details
about the piping and other UnitOps, see the simulation file.



COMBINE SIMPLE DIVIDED FLOW AND ONE OUTLET - TWO INLET STREAMS PROBLEMS
SOLVE USING CONTROLLERS

E1 Controller 13 sets the flow ratio of the Divider, UnitOp # 2
P1 P3
E |E| so that the pressures of Streams 9 and 10 are equal
(&‘“‘i 7]

=) (s Controller 14 sets the flow rate of Stream 1
so that the system outlet pressure equals 14.7 psia

P2 E-2 (13 13 P5 SET STRM 1
o SR NI, =
-1 O & = —(E =
@ 10 Leave Mixer SETDIV 2 11 14.7 psia 14 [14

Pressure Blank

Figure 7 — Flowsheet for simple network using controllers

This flowsheet combines the two previous ones, to construct a simple network similar to a cooling system
network in a plant. A cold water stream at 80 °F from the cooling tower is split to provide cooling for two heat
exchangers. The streams are recombined and returned to the cooling tower.

We need to know the flow rate provided by the pump, the pump outlet pressure, the flow rates of the two
streams, and the pressure after they recombine. There are only two independent variables: one at the system
inlet and one at the system outlet. When these are specified, all of the flow-related variables between them, the
“interior variables,” can be calculated.

In this example, the independent variables are the system inlet and outlet pressures. Controller 13 iteratively
calculates the stream split until the respective pressures of the streams are equal when they recombine.
Controller 14 iteratively calculates the flow rate into the pump until the system outlet pressure equals 14.7 psia,
the value fixed initially as one of the independent variables.

If either of the independent variables is changed, all of the “interior variables” will also change. It is not
surprising, however, that if the system inlet and outlet pressures are equal, the calculated flow results are
independent of the actual value of these pressures. This is shown in Figure 8, for inlet and outlet pressures of
14.7 psia and 64.7 psia, respectively.

SIMPLE NETWORK PROBLEM WITH EQUAL SYSTEM INLET AND QUTLET PRESSURES

FLOW SUMMARIES: Simple Network With System Inlet and Outlet Pressures = 14.7 psia

Stream No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Stream Name 14.7 psia 14.7 psia

Temp F 30 80.4009 80.4009 80.4009 80.4015 80.4007 100 100 100.0002 100.0005 100.0003 100.0003 100.0005 100.0005
Pres psia 14.7 82.0197 82.0197 82.0197 57.494 54.2202 55.494 51.2292 41.5054 41.5054 41.5054 41.5054 14.7001 14.7001
Enth kBtu/h -1.19E+05  -1.19E+05 -68871 -50022 -68871 -50022 -68674 -49879 -68674 -49879  -1.19E+05 -1.19EH05 -1.19E+05 -1.19E+05
Vapor mole frac. 0 o 1) 0 0 o 0 0 0 o 1) 0 0 o
Total Ibmol/h 968.4645 968.4645 561.0011 407.4635 561.0011 407.4635 561.0011 407.4635 561.0011 407.4635 968.4646 968.4646 968.4646 968.4646
Total lb/h 17446.8887 17446.8887 10106.4346 7340.4546 10106.4346 73404546 10106.4346 73404546 10106.4346 7340.4546 17446.8887 17446.8887 17446.8887 17446.8887
Total std L gpm 34.8434 34.8434 20.1837 14.6597 20.1837 14.6597 20.1837 14.6597 20.1837 14.6597 34.8434 34.8434 34.8434 34.8434
Total std V scfh 367511.59 367511.59 212887.92 154623.69 212887.92 154623.69 212887.92 154623.69 212887.92 154623.69 367511.63 367511.63 367511.63 367511.63

FLOW SUMMARIES: Simple Network With System Inlet and Outlet Pressures = 64.7 psia

Stream No. 1 2 3 4 5 6 7 8 9 10 1t 12 13 14
Stream Name 64.7 psia 64.7 psia

Temp F 80 80.4013 80.4013 80.4013 80.4012 80.4012 100 100 99.9998 100.0002 99.9996 99.9996 99.9996 99.9996
Pres psia 64.7 132.0197 132.0197 132.0197 107.4938 104.229 105.4938 101.229 91.5051 91.5051 91.5051 91.5051 64.7 64.7
Enth kBtu/h -119E+05  -1.19E+DS -68871 -50021 -68871 -50021 -68673 -49878 -68673 -49878  -L1SEH05  -1.19E+05 -1.19E+05 -L.19E+05
Vapor mole frac. o [} 1] 0 0 0 0 o o [} 1] o 0 0
Total Ibmol/h 968.4511 968.4511 560.9944 407.4567 560.9944 407.4567 560.9944 407.4567 560.9944 407.4567 968.4512 968.4512 968.4512 968.4512
Total Ib/h 17446.6465 17446.6465 10106.3145 7340.3325 10106.3145 72340.3325 10106.3145 7340.3325 10106.3145 7340.3325 17446.6465 17446.6465 17446.6465 17446.6465
Total std L gpm 34.8429 34.8429 20.1834 14.6595 20.1834 14.659% 20.1834 14.6595 20.1834 14.6595 34.8429 34.8429 34.8429 34.8429
Total std V scfh 367506.5 367506.5 212885.41 154621.13 21288541 154621.13 212885.41 154621.13 21288541 154621.13 367506.53 367506.53 367506.53 367506.53

Figure 8 — Flow summaries for simple network using a controller

Figure 9 provides the pump characteristics for each case. Because both pressures were increased by the same
amount, the resistance to flow that the pump experiences does not change and it operates at the same point on
the pump curve. The NPSHA, however does change, because the upstream pressure has increased.

5



Pump Summary Pump Summary

Pin = Pout = 64.7 psia Pin = Pout = 14.7 psia

Equip. No. 1 Equip. No. 1
Name PUMP Name PUMP
Qutput pressure psia 100 Qutput pressure psia 100
Efficiency 0.5 Efficiency 0.5
Calculated power hp 2.7487 Calculated power hp 2.7487
Calculated Pout psia  132.0197 Calculated Pout psia 82.0197
Head ft 155.8638 Head ft 155.8636
Vol. flow rate gpm 34.973 Vol. flow rate gpm 34,9735
Mass flow rate Ib/h 17446.65 Mass flow rate Ib/h 17446.89
NPSH available ft 148.6235 NPSH available ft 32.8597
Char. Eq/Perform curve 2 Char. Eq/Perform curve 2
Request NPSH calc 1 Request NPSH calc 1

Figure 9 — Comparison of pump characteristics for the two cases

Solving Piping Problems with Controllers - Summary

We have demonstrated with three simple examples that controllers can be used to solve increasingly
complicated piping problems. Furthermore, we have shown that the number of independent variables that must
be specified to solve such problems is equal to the total number of independent system inlet and outlet streams.

For the simple divided flow problem and the simple combining flow problem, there are three independent
variables, as shown in Figure 1 and Figure 4, respectively. In each case we specified the system inlet and outlet
pressures. The simple network problem of Figure 7 has only one inlet and one outlet stream, and only two
independent variables.

Using CHEMCAD, it is possible to add any number of simple network piping configurations together to develop
and simulate complex piping systems used in plant-wide cooling tower networks, raw material distribution
networks, solvent collection systems, liquid waste collection, and vapor emissions to flare or scrubber systems.

In each case, the number of degrees of freedom is determined by the number of independent inlet and outlet
streams. As the systems become more and more complex, however, the difficulty in simulation lies in
determining the location and settings of the controllers internal to the system that are required to complete the
calculation. This can be quite frustrating and time-consuming.

Using Nodes for Piping Network Simulation

CHEMCAD offers a simple and robust alternative to using controllers that does not require the details of
feedback controller calculations to be consciously considered. This approach uses nodes. It is only necessary to
determine and set the values of the system independent variables at each of the independent inlet and outlet
streams of the system. As will be shown, although nodes are required to be placed at “interior” positions in the
piping network flowsheet, their settings are all identical and invariant.

The use of nodes for piping networks originated with Hardy Cross, a structural engineering professor at the
University of lllinois at Urbana—Champaign. The Hardy Cross Method, first published in 1936, is an iterative
method for determining the flow in pipe network systems where the inputs and outputs are known, but the flow
inside the network is unknown (2). Other investigators (3 - 6), have sought to improve on the original method
over the years.



Let’s begin with a single pipe element, as shown in Figure 10. The corresponding filename is #4 Single Pipe With
Nodes.

The NODE UnitOp

1. Allows you to specify the pressure on either side of a UnitOP and
calculate the flow rate as a function of pressure.

2. As an option, you may specify one pressure and the flow rate
3. A series of UnitOps may be connected using several nodes.

@ ? P2=14.7 psia @

o B g —m

Three Variables: F1,P1, P2  One Equation: F1 =f(P1, P2)

Must specify 2 variables to constrain the system: F= 20 gpm water at 35C; P2 = 14.7 psia
What is P17

Piping Run: 1 horizontal run of 200 ft, 2-in Sch 40 pipe with 2 - 90 degree elbows
1 vertical run of 200 ft with one ball valve and 3 - 90 dgree elbows

Figure 10 — Single pipe with nodes flowsheet
This is a simple example of nodes to demonstrate their use. There are three variables that define the flow

problem: the flow rate and the inlet and outlet pressures. There are two degrees of freedom for this problem.

We must fix these degrees of freedom by specifying any two of the three variables. The third variable can then
be calculated.

The dialog box for the node in the feed stream is shown in Figure 11.

—Nodef | S|

Mode

Wanable pressure - ‘

Pressure at node psia Minimum pressure e

Elevation ft Maximum pressure psia
Flows rate options
Inlet Streams Outlet Streamns

Stream Mode WValue Stream Mode Walue

1 Fixed Volume Rate | [20 lgpm] z Flow set by Lnitdp |

N, Fired Mol Rate gl NA& Fied Mole Rate *

Ns Fixed Mole Fate - N/ Fixed hMole Fate b

N Fired Mol Rate > N4 Fived Mole Rate b

Ns Fixed Mole Rate - H/A Fixed Mole Rate 52

Help Cancel ak.

Figure 11 — Node dialog box for inlet with fixed flow rate




There are two input choices for this inlet node. You can specify either the system inlet pressure or the inlet flow
rate. For this example, fix the inlet flow rate at 20 gpm. Mass and molar flow units can also be specified, if
desired. The pressure specification is Variable pressure because this value will be calculated.

Alternatively, you can fix the pressure and fill in a value for it, and let the flow rate be the calculated variable by
designating the stream into the node as a Free inlet stream. This is shown in Figure 12.

- Node - |__|
tod
o ID: 1
Fixed pressure > I
Pressure at node 25 psia Minirum pressure S
Elevation ft M aximum pressure psia
Flow rate options
Inlet Strearns Outlet Streams —
Stream Mode Value Steam Mode Walue
1 Free inlet stream = 2 Flow get by Unitdp~ w
N& Fixed Mole Rate - N/& Fixed Mole Rate X
Nt Fired Mol Rate - N& Fired Mole Rate >
N/ Fixed Mole R ate - (FEE Fixed Mole Rate b
N/ Fined Molz Rate - (R0} Fized Mole Rate bl
Help Cancel oK

Figure 12 — Node dialog box for inlet with fixed pressure

In both cases, indeed for every inlet node, the outlet stream flow—the downstream pipe in this case—is set to

Flow set by UnitOP.

Now let’s look at the settings for the outlet node, shown in Figure 13.

- Node - |
o
o ID: 3
Fixed pressure b4 ]
Pressure at node 147 psia tinimum pressure ke
Elevation 200 ft bt aximum pressure psia
Flows rate options
Inlet Strearns 1 - Outlet Strearns
Stream Mode Walue Sheam Mode Walue
3 Flow zet by UnitOp - 4 Free Dutlet stream -
N/ Fixed Mole Rate v N Fixed Mole Rate >
N/ Fived Mole Rate b N Fired Mole Rate il
N8 Fixed Mole Rate » N4 Fixed Maols Rate >
WA Fived Mole Rate b N Fired Malz Rate o
Help Cancel (1]

Figure 13 — Node dialog box for outlet with fixed pressure



There are two input choices for this outlet node. You can specify either the system outlet pressure or the outlet
flow rate. For this example, fix the outlet pressure at 14.7 psia. The outlet flow specification is set to Free outlet
stream, as the flow rate has already been specified in the inlet node. For every outlet node, the inlet stream flow
specification is Flow set by UnitOP, the upstream pipe in this case.

It is important to note that the piping elevation at the physical location of each node in a flowsheet needs to be
specified in the Node dialog box, as it is in Figure 13, for the outlet node. The pipe dialog box shows an elevation
of 200 feet that must be indicated for the node following the pipe. For a series of pipes with changing
elevations, the elevation at a given node is the sum of the elevations of the pipes upstream of it.

Let’s look at the Convergence dialog box, as shown in Figure 14, accessed from the main CHEMCAD menu by
selecting Run > Convergence. Note that the calculation sequence is Simultaneous modular. When a piping
simulation is set up in CHEMCAD with nodes, the calculation sequence automatically defaults to this setting.

- Convergence Parameters - Z{ i

¥ Take a snapshot before iunning flowsheet

Recycle Convergence Methods
Convergence methad:
+ Direct substitution

T Wegstein
" Daminant Eigenvalue (DEM) Max. flowshest terations |9999
[™ Plot stream history Speed up frequency 4
Cut stream method | Momal recpcles hd |
FRecyele Tolerances- Flash Calculations
Flow rate 1e-005 Flash algorithm | Hormal -
y
Tempersture 12005 Flash damping factar 1
Pressure 1e-005 Flash tolerance 1e005
y
Vapor fraction  [1e-005 Thermo Accel. tolsrance  [0.001
Enthalpy 1e-005
Calculation sequence Simultaneous modular hd

Flow/pressure conversion | Mo conversion . |
¥ Display trace window
™ Generate rn history

[ Run one time step for dyhamic simulation

I Refresh data boxes after each un [ Al el et g e

[ FRefresh data bowes after each iteration
0TS real time scale

¥ BunData Map at each dynamic time step

Help

Cancel ‘ 0K |

Figure 14 — The Convergence Parameters dialog box with Simultaneous modular calculation sequence selected

If the pipe dialog box is open, as shown in Figure 15, we see that the sizing option used is Rating (default).
CHEMCAD suggests that for piping simulations with nodes, the sizing option choice should be: Given size, Pin
and Pout, calc flow rate. In my personal experience, | have found that both of these sizing options work.
However, since Chemstations recommends the latter, | suggest that the reader follow it.



Pipe Sizing and Rating (PIPE) - |_¥_|

Specifications | Properties Calculated Flesullsi Walves ‘ Fittings | Heat Transfer |
Io: 2
Method | 2 Single Phaze flow T |
Sizing option | 0 Riating [default] hd J

Mumber of segments

Pipe dizmeter 15 in Fipe diameter iz ID unless schedule is specified
Pipe Schedule 40 Optional pipe case studies

Pipe Length 400 ft Pipe diameter case H2 in
Elevation change | [200 ft Pipe diameter case #3 in

Friction factor model 0 Churchil hd

Enter ane of the fallowing:

™ Include holdup in dynamic simulation

" Roughness factor [0.00015 ft

*  Pipe Matenial ‘Enmmelc\a\ Steel - I™ Includs gas expansion Factor,
Help Cancel ak,

Figure 15 — Pipe dialog with Rating (default) sizing option selected

Let’s now run the 20 gpm flow rate case. The required upstream pressure is 106.7 psia. Open the pipe dialog box
to check results, as shown in Figure 16.

T ; [ |
@ Pipe Sizing and Rating (PIPE) - L |

Specifications | Properties | Calculated Results Walves | Fittings | Heat Transfer |
Fressure diop 91.9755 psi ID: 2
Olutput press, 147 o E length of fitings ~ [17.5267 it
DPA00 ft, psi 29026 Tatal E length 7527 it
" = Max Gas Flow T b

0% rEqIme
s Case study #2

DP friction :;2;;2 psi - ’7 i
DP elevat . ;

e = 2 DP2/100 f, psi
DP acceleration psi SR ’7 e
Reynolds # vap :

Flow regime 2 ’7
Reynolds # lig 341489
Fiic factr liq 00258926 Case study #3 .
Fric fsctr vap P3diop ’7 psi
A density E2.3436 Ihiea DP3/100 ft, psi
Velocity 315004 e Velocity 3 ftisec
Min. velocity 01664872 ftene Elowirenimes]
Heat loss KBtush
Help Cancel (i)

Figure 16 — Calculated results for the pipe UnitOp

To have flow through this pipe, enough upstream pressure needs to be applied to overcome the 200 feet of
elevation, corresponding to 86.6 psia. What happens if the upstream pressure is 75 psia and the downstream
pressure is 15 psia? The Delta P at 60 psia is not sufficient to overcome the piping elevation change, and no flow
would occur. Water would enter the pipe and rise to height corresponding to the 60 psia pressure differential,
roughly 138 feet. How does CHEMCAD handle this situation?

Let’s set the inlet pressure at the Inlet Node to 75 psia, as shown in Figure 17, and change the outlet pressure at
the Outlet Node to 15 psia.
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‘ - Node -

Mode

Fized pressure - 1

75 g o paia
Pressure at node psia Mirirurn pressure
Elevation ft b arimurn pressure psia

Flow rate optiong
“Inlet Streams
Stream Mode:

Outlet Streams

WValue Sheam Mode Value

1 [Feeiletsiean | 2 Flow set by UnitDp v

Nt Fised Mol= Fiate | Nt Fised Mole Flats -
N Fivad Mo Biats ~| [ N Fived Mols Rate ~|
(I Fised Mol= Flate ~ Nt Fised Mole Flate ~|
N Fixed Mole Rate ~| [T N Fived Mols Rate -~

Help Cancel ak

Figure 17 — Inlet node fixed pressure at 75 psia

When this simulation runs, it converges mathematically. However, CHEMCAD calculates a negative flow rate.
The calculated inlet and outlet streams are given in Figure 18.

FLOW SUMMARIES:

Stream No. 2 3
Stream Name

Temp F 59.9946 59.9547
FPres p=sia 75.0000 15.0000
Enth kBtu/h 1.6001E+005 1.6001E+005
Vapor mole frac. 0.00000 0.00000
Total lbmol/h -1299.4570 -1299.4570
Total 1b/h -23409.7168 -23409.7168
Total std L gpm -46.7518 -46.7518
Total std V scth -493116.16 -493116.16
Flow rates in 1b/h

Water -23409.7168 -23405.7168

Figure 18 — Flow summairies for pipe inlet and outlet streams

Rules for Using Nodes

Now let’s define some simple rules and strategies for using nodes in complex piping networks. There are three
combinations of settings that are typical for inlet and outlet nodes, as shown in Figure 19. In each case two
variables are fixed and one is calculated. Figure 20 provides some guidelines for complex piping network
simulations with CHEMCAD.
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Some Rules For Simulating Piping Networks With Nodes

1. Option 5 should be chosen for pipe simulators: " Given size, Pin and Pout, calc flow rate”

2. Interior nodes are always specified as "Flow set by UnitOP" for the inlet and outlet streams and the pressure
is always Variable.

3. The degrees of freedom for the problem are set by constraints at the process Inlet and Outlet Nodes

4. The RUN mode for the simulation must be Simultaneous Modular

Settings For Inlet And Outlet Nodes

Fixed Pressure

Flow Set by Unit0
Free Inlet i Sl Flow Set by UnitOP Free Outlet

E =® - b

Fixed Pressure

8

Variable Pressure Fixed Pressure
Fixed Mass Rate Flow Set by UnitOp @ Flow Set by UniOp Free Outlet

= ol ©

Fixed Pressure Variable Pressure

FreeInlet . Flow Set by UnitOp Flow Zet by UnitOp Fixed Flow Rate
- - ] — _— ‘
O [ o)

Figure 19 — Rules for using nodes to simulate piping networks

==

Some Guidelines for Piping Network Simulations With Chemcad

1. Develop a general diagram of the system, designating blocks or areas of the flowsheet
which will be developed in Chemcad one at a time.

2. Use an easy to follow coding system to relate the actual piping elements in the plant with their
representation in Chemcad.

3. For complex systems, build the Chemcad flowsheet in small segments, converging each
increasingly more complicated flowsheet before adding additional piping sections. This allows
easier troubleshooting for errors.

4. When possible, provide reasonable guesses for pressures at internal nodes, based on converged
calculations made previously for adjacent nodes. This might help make convergence easier.

5. Be sure that the elevation for nodes are correct and are compatible with that given for elevation
changes in adjacent piping.

6. If the calculation seems to be proceeding but convergence does not occur, try simply to rerun it.

7. If a singular matrix error message occurs:

a) print the stream summary and check for anomalies, like negative flow rates. The pressure
drop may be too high for units for which it is specified and not calculated, like heat exchangers.
b) try rerunning the simulation

c) try relaxing the convergence specification

d) provide reasonable pressure estimates for internal modes in areas of the flowsheet which have
not already converged

8. Save all converged "simpler” flowsheets as you build up to more complicated ones. They provide
a converged starting point for the next more complex flowsheet which may be hopelessly unconverged.
Retreat to a safe position and start again.

9. For internal nodes the input is ALWAYS: Variable Pressure, Flow Set by Unit Op, In and Out

10. Constraints on the system are ALWAYS set by the external nodes

Figure 20 — Guidelines for building piping network simulations using CHEMCAD
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Simple Network Using Nodes

Now let’s go back to the simple network problem and solve it with nodes. The flowsheet is given in Figure 21.
The filename is #5 Simple Network - Solve With Nodes.

COMBINE SIMPLE DIVIDED FLOW AND SIMPLE COMBINING FLOW PROBLEMS
INTO A SIMPLE NETWORK - SOLVE USING NODES

B P1 o E-1 €3] "
(s
® e - (i
SETPIN P4
d?—m ——~{11 13—+ ~15 I ——
@ {10 11
SETPOUT

Nodes are placed before and after every "Flow" Unit Op

All interior nodes have setting:
Variable Pressure and Flow In and Out determined by Unit Op

The Inlet and Outlet Nodes set the pressure and have
free inlet and free outlet streams, respectively

Figure 21 — Solving the simple network problem using nodes

There is one inlet stream and one outlet stream, so there are two degrees of freedom. The system inlet and

outlet pressures are specified, as shown in the inlet and outlet node dialog boxes, given in Figure 22 and Figure
23, respectively.

- Node - sz
tad
. {1o] 13
Fixed pressure - ]
Fressure ot node 147 psia Minirurn pressure P
Elevation ft M aximum pressure ’7 psia

Flowi rate options

1 Inlet Streams 1 Outlet Streams

|Stream Mode Walue | Stream fode Walue
1 |14 Flow set by Unitdp =
[ Fived Mol Rate ~| [ | Mg Fixed Mole Fiate ~| [
WA Fixed Male Fate ~| [ | s Fived Mole Aate ~| [
S Fived Mole Raie ~| [ | N Fixed Mole Fiate ~|
[ Fired Mol Fiate ~| (I | M Fived Mol Fiate -

Help Cancel akK

Figure 22 — Specifying system inlet pressure
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- Node -

Mode

Fixed pressure

Pressure at nods 147

Elevation

Flow rate options
Inlet Streams
Stream Mode

15 [FlowsetbyUnigp ¥
N/ Fixed Mole Rale
SR Fived Mol Rate
N/& Fized Mole Rate >

N Fived Mol Rate

Help

S

Walue

-] (I
~] I

P
~]

psia

ft W awimum pressure

Minimum pressure

paia

—
—

psia

Outlet Streams

Strearn
16

tode

Free Outlet stream X

Walue

Fixed Mole Fate v ’—
Fixed Mole Fate - ’—
Fixed Mole Fate . ,7
Fized Mole Fate » ’—

Cancel oK

Figure 23 — Specifying system outlet pressure

The system inlet and outlet flows are designated as free streams, to be calculated by CHEMCAD. All of the
internal nodes have identical settings: variable pressure and flow in and flow out set by the upstream and
downstream UnitOp, respectively. In flowsheets that are difficult to converge, it is often helpful to estimate the
pressure at internal nodes, as indicated in the guidelines provided in Figure 20. Note that the elevation values
shown in the Node dialog boxes reflect the elevation changes of the pipe sections in the flowsheet.

Let’s set the flow rate for stream 1 at 10 gpm, as shown in Figure 24, and run the simulation. Figure 25 shows a
comparison of the results for the solution using controllers and that using nodes. They are identical, as one

would expect.

B ' Edit Streams |,,,7
[ F\ashl Cancel l [ Ok I
Stream No. 1
Stream Name
Temp F 80
Pres psia 14.7
Vapor Fraction 0

|| |Enthalpy kBtu/h  |-34124.4
Total flow 10
Total flow unit stdL gpm
Comp unit weight frac
Water ¥

Figure 24 — Setting stream 1 flow rate to 10 gpm
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FLOW SUMMARIES:

Stream No.
Temp F

Pres psia

Enth kBtu/h
Vapor mole frac.
Total Ibmal/h
Total Ib/h

Total std L gpm
Total std V scth

FLOW SUMMARIES:
Stream No.

Temp F

Pres psia

Enth kBtu/h

Vapor mole frac.
Total Ibmol/h

Total Ib/h

Total std Lgpm
Total std V scfh

SIMPLE NETWORK PROBLEM - COMPARE CONTROLLER AND NODE SOLUTIONS

Simple Network - Solve With Controllers

1

80

14.7
-1.19E+05
0
968.4645
17446.889
34.8434
367511.59

2 3 4

80.4009 80.4005 80.4009
82.0197 82.0197 82.0197
-1.19E+05  -68871 50022
o 0 0
968.4645 561001 407.464
17446.889 10106.4 7340.45
34.8434 20.1837 14.6597
367511.59 212888 154624

Simple Network - Solve With Nodes

1

80

14.7
-1.19E+05
0
968.4649
17446.895
34.8434
367511.72

2 3 4

80.4002 80.4003 80.4003
82,0197 82.0197 82.0197
-1.19E+05 68872 50022
o o 0
968.4649 561.002 407.464
17446.895 10106.5 7340.47
34.8434 20.1837 14.6597
36751172 212888 154624

5
80.4015
57.494
-68871
0
561.001
10106.4
20,1837
212888

3
80.3998
57.4939

-68872

0
561.002
10106.5
20.1837

212888

6
80.4007
54.2292

-50022

0
407.464
7340.45
14.6597

154624

6
80.4004
54.2292

-50022

o
407.464
7340.47
14.6597

154624

7

100
55.494
-68674
0
561.001
10106.4
20.1837
212888

7

100
55.4939
-68674
o
561.002
10106.5
20.1837
212888

8

100
51.2292
-49873
0
407.464
7340.45
14.6597
154624

8

100
51.2292
-49879
0
407.464
7340.47
14.6597
154624

9

100
41.5054
-68674
o
561.001
10106.4
20.1837
212888

3

100
55.4939
68674
o
561.002
10106.5
20.1837
212888

10
100.001
41.5054

-49879
0
407.464
7340.45
14.6597
154624

10
99.9993
51.2292

49879
o
407.464
7340.47
14.6597
154624

11
100.0003
41.5054
-1.19E+05
0
968.4646
17446.889
34.8434
367511.63

1

100
41.5054
48879

0
407.4642
7340.4678
14.6597
154623.97

Figure 25 — Comparison of using controllers and nodes, showing that results are identical

12
100.0003
41.5054
-L.19E+05
0
968.4646
17446.889
34.8434
367511.63

12
100.0004
41.5054
-68674

0

561.002
10106.451
20.1837
212888.27

13
100.0005
14.7001
-1.19E+05
0
968.4646
17446.889
34.8434
367511.63

13
99.9998
41.5054

-1.19E+05
o
968.4661
17446.916
34.8434
367512.16

14
100.0005
14.7001
-1.19E+05
0
968.4646
17446.889
34.8434
367511.63

14 15 16
79.9991 100.0002  100.0002
14.7 14.7 14.7
-L19E+05 -1.19E+05 -1.19E+05
o 0 o
968.4649 968.4661  968.4661
17446.895 17446.916 17446.816
34.8434 34.8434 34.8434
367511.72 367512.16 36751216

Now, let’s end this paper with two examples that demonstrate how CHEMCAD’s piping package can be used to

analyze real plant problems.

Lower Than Expected Raw Material Delivery Rate

An acrylic acid (AA) off-loading piping system has been designed for a plant located in Europe. The design flow
rate is 50,000 L/hr (220 gpm) so that the delivery truck could be off-loaded in no more than 30 minutes. The
actual observed rate after start-up was about 35,000 L/hr, resulting in an off-load time of about 43 minutes.

Why is the flow rate lower than expected, and how can it be improved without incurring a large cost?

The AA off-loading piping system, as designed, is shown in Figure 26.

[

|
| AA Tnk Truck
|
|

Acrylic Acid Off-Loading Piping System
Design Case

To AA Tank

{14

 C— !
3" Flex Hose |E

Piping from tank truck to pump |

3n

3" Hard Pipe

Figure 26 — Flowsheet of acrylic acid off-loading piping system

Pump Speed = 1550 RPM

1.5
(10
4 e PES
1.5"
To Acrylate

Acrylic acid is delivered to the plant by truck. The operator uses flexible hose to connect to the hard pipe at the

inlet to the plant acrylic acid pump. The flow out of the pump has two branches; the first goes to the plant’s

acrylic acid storage tank, and the second goes to the acrylate process.
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When the storage tank is being loaded, the flow to the process is blocked. The same pump is used to feed the
process from the storage tank. So, when acrylic acid is delivered, it takes two paths to the storage tank. The
CHEMCAD file for this design case is #6 AA Off-load System — Design Case. The details of the piping can be
reviewed by opening the dialog boxes for each of the UnitOps.

The inlet and outlet nodes, respectively, set the inlet and outlet pressures at 14.7 psia. The 3” control valve has a
Cv of 75 and is set at 100% open, as shown in Figure 27.

- Control Valve - ‘ E@__|
Walve specifications | Controller specifications
Walve geometry n 5 4 £ +
Walve How cosfficient (Cv] |75 porstgmese
1 Fiw flow rate, adjust valve posiion
Ronceehil 10 % Fiw walve position, adiust flow rate
Citical lows factor 0.8 ™ Fix flow and position, calculate Pout
Walve type-
" Equal percentage walve Controller ID ’—
* Linear valve
" Specify valve curve Static head il
Supply pressure psia
Downstream pressure psia |
Walve position 2 100 If dovnstraam P not specified
Minimum position % Destination [0 ’—
Mawimum position % Variable @—vl

Calculated results
[~ Force forward flow anly

Calc. flow rate 5.57919e-009 kgth B
Phase model ‘ Selected by program ¥
Controller output

Steady state position
Controller output 55

Help Cancel oK

Figure 27 — Control Valve dialog box for AA off-load design case

When you run the flowsheet, you see that the maximum flow to the AA storage tank is 57,128 L/hr, which will
deliver the desired quantity of AA in less than 30 minutes. The results are given in Figure 28.

Stream No. 19
Stream Name To AR Tank
Temp F 77.1886
Pres psia 14.7000
Enth MMBtu/h -307.16
Vapor mole frac. 0.00000
Total kmol/h 835.3104
Total kg/h 60464.0703
Total std L liter/ 57128.0313
Total std V scfh 702173.13
Flow rates in kg/h

Acrylic Acid 60484.0703

Figure 28 — Maximum flow to AA tank

The piping design as conceived is adequate for delivering the desired flow. What could be restricting the AA

flow?

One possibility is that the installed valve trim is not right. Suppose a restricted capacity trim was supplied. Many
restricted capacity trim combinations are designed to furnish about 40% of full-size trim capacity. Let’s suppose
this occurred in this plant, and run another simulation with the valve position set at 40% open. The filename is
#7 AA Off-load System — Reduced Valve Trim, and the Control Valve dialog box is shown in Figure 29.
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- Control Valve - [

Walve specifications Controller specifications

WValve geometry e dhi e

7l -

Walve flow coefficient [Cy] _ - :
© Fiw Flow rate, adjust valve posiion
R il y .
Shoconily % Fin valve position, adiust flow rate
Critical flaw tactor 0.3 " Fix flow and position, calculate Paut
Walve type
" Equal percentage valve Contraller 1D
(+ Linear valve
" Specify valve curve kil head i

Supply pressure psia
Drownstream pressune psia

Walve position % 40 If dowanstrzam P ot specified
Minimurn position % Destination [T

b &ximum pasition %

Calculated results
[~ Force forward flow only |

Calc. flow rate 54555.4 kath
Phase model | Selected by program =~ =
Controller output

Steady state position 100
Controller output 55

Help Cancel Ok

Figure 29 — Control Valve dialog box set to 40% open

When you run this flowsheet, you see that the flow to the AA storage tank is now 35,458 L/hr. The results are
given in Figure 30.

FLOW SUMMARIES:
REDUCED VALVE TRIM CASE

Stream No. 19
Stream Name To AR Tank
Temp F 77.2488
Pres psia 14.7000
Enth MMBtu/h -190.65
Vapor mole frac. 0.00000
Total kmol/h 520.9463
Total kg/h 37541.4766
Total std L liter/ 35458.4375
Total std V scfh 435827.41
Flow rates in kg/h

Acrylic Acid 37541.4766

Figure 30 — Maximum flow to AA tank with valve 40% open

This flow is consistent with what the plant actually experienced. When the valve manufacturer was called in, it
was found that, indeed, a restricted capacity trim was supplied. When the valve was replaced with one having
the correct trim, the desired flow was achieved.
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Can a feed line to a scrubber be tied in to an existing process feed line?

An existing line feeds molar excess methanol from the recovered methanol storage tank to a process that uses
methanol as a reactant. The piping arrangement is shown in Figure 31. Details can be found in the CHEMCAD file

called #8 Original Recovered Methanol Line To Process.

0.217 psig

16 gpm To Process

3" Sch 10 @

METHANOL FEED LINE TO PROCESS @[] &5
i on 26
ORIGINAL PIPING SYSTEM e 9.13 psig pi ot S
3 gpm [16]
1.8" Sch 10
85ftl
5 FIC-1 ® ) || 6% atvation
) 7
s S i € Sets FIC-1 to fix _
flow = 13 gpm 12.4 psig

Figure 31 — Flowsheet for recovered methanol line to process problem

Heretofore, the plant has used fresh methanol as the scrubbing fluid for vapor vented to the atmosphere. It has
been determined that it is economically advantageous to use recovered methanol instead of fresh as the

scrubbing fluid.
The plant would like to tie in a new feed line to the scrubber from the recovered methanol line. The plant

suggested tie-in is depicted in Figure 32. The filename is #9 Proposed Plant Piping Tie-In.

METHANOL FEED LINE TO PROCESS
PROPOSED PLANT TIE - IN TO METHANOL SCRUBBER

0.2166 psig
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Figure 32 — Flowsheet for proposed plant piping tie-in problem

Before running this simulation, first isolate the piping tie-in and determine the supply pressure needed to feed 3
gpm of methanol to the scrubber. The piping layout is shown in Figure 33, and the filename is #10 Methanol

Scrubber Feed Line — Isolated.
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ISOLATE PROPOSED PLANT TIE -IN TO METHANOL SCRUBBER
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Figure 33 — Flowsheet for isolating the tie-in to the methanol scrubber

When you run this simulation with a fully open control valve, you will see that the minimum supply pressure at
node 19 is 11.9 psig. Most of the pressure is required to overcome the elevation increase of the piping.

When you run the simulation callled #8 Original Recovered Methanol Line To Process, as you can see from
Figure 31, the pressure at the proposed tie-in point is only 9.13 psig. Consequently, the chosen tie-in point will
not work. If you now run the simulation called #9 Proposed Plant Piping Tie-In, you will see that the simulation
does not converge; the results show negative pressure in the new line. The required pipe line outlet pressure,
fixed at 0.2166 psig, cannot be achieved.

Two solutions were offered. As shown in Figure 34, the first relocates the new piping to the scrubber to a tie-in
point upstream of control valve FIC-1. This creates a parallel flow line and requires additional piping as shown in
the figure. The filename is #11 Relocate Proposed Plant Piping Tie-In.
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Figure 34 — Flowsheet showing relocation of new piping to a point upstream of control valve FIC-1

In this case, there is more than enough pressure at node 34 to overcome the change in piping elevation and
supply 3 gpm of methanol to the scrubber. Note that most of the pressure drop in the line is taken across the

control valve.

The second approach is to add a booster pump to the scrubber feed line. This is shown in Figure 35. The
filename is #12 Proposed Plant Piping Tie-In Add Pump. The booster pump is added to raise the supply
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pressure to 20 psig. The plant chose this option, rather than the additional piping, since the cost was lower.

METHANOL FEED LINE TO PROCESS
PROPOSED PLANT TIE - IN TO METHANOL SCRUBBER
WITH BOOSTER PUMP
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Figure 35 — Flowsheet showing addition of a booster pump to the scrubber feed line

In both this example and the previous one, CHEMCAD provided a powerful tool for analyzing the existing piping
layouts and for simulating alternatives for corrective action. In each case, the analysis led to a successful
modification of the piping system so that plant objectives could be met.

Summary

Part 1 of this paper explained how the various CHEMCAD UnitOps that relate to piping analysis can be
configured to simulate an unbranched piping system. It started with a detailed look at the Pipe UnitOP and
various methods for pipe sizing available in CHEMCAD. Results were compared to standard tabulated results for
water with excellent agreement.

A pump UnitOP was added to the pipe to determine what flow would be achieved with the corresponding pump
curve. The meaning of NPSHA was discussed.

A control valve UnitOP was inserted into the simulation to demonstrate how it could be used to achieve a
desired flow rate. Important considerations for valve selection were discussed. It was shown how a restriction
orifice can be added to the pipe line. The effect on valve position to maintain the desired flow rate was
demonstrated.

Part 2 extended the discussion to branched piping systems. It began with discussions on the use of controllers
for solving simple divided flow and simple combining flow problems. These piping configurations were then
combined into a simple network. Again it was shown how controllers can be used to simulate this system.

As the complexity of such systems increases, as in a cooling tower piping network, it becomes increasingly
difficult to properly locate the controllers and determine the correct settings for an easy solution. To overcome
these difficulties, the use of a nodal solution approach was introduced. Nodal positioning and settings were
discussed for a single pipe. Guidelines for the use of nodes in complex networks were provided. The simple
network problem previously solved with controllers was solved using nodes. The solutions were compared and
found to be identical.

Two actual plant piping problems were then presented. It was shown how CHEMCAD was used to analyze them
and to determine design modifications that resulted in meeting plant objectives.
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