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Abstract — In various industrial processes, piping serves as a link between unit processes and is an essential
installation for internal flow. Therefore, the optimum design of the piping system is very important in terms of safety and
cost, which requires the estimation of the pressure drop, flow rate, pipe size, etc. in the piping system. In this study, we
developed a software that determines pressure drop, flow rate, and pipe size when any two of these design variables are
known. We categorized the flows into single phase, homogeneous two phase, and separated two phase flows, and
applied suitable calculation models accordingly. We also constructed a system library for the calculation of the pipe
material, relative roughness, fluid property, and friction coefficients to minimize user input. We further created a costing
library according to the piping material for the calculation of the investment cost of the pipe per unit length. We
implemented all these functions in an integrated environment using a graphical user interface for user convenience, and
C # programming language. Finally, we verified the accuracy of the software using literature data and examples from an
industrial process with obtained deviations of 1% and 8.8% for the single phase and two-phase models.
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Table 1. Required variables for hydraulic calculation
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Type Single Phase flow Homogeneous two-phase flow Separated two-phase flow
1 P L Dv,at, p, p1,6 1, D, pp s Py Hy sl X, Lya m,D,p,s Pyl 1y 05X, X, Ly
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Table 2. Mathematical formulas for single phase model

Relevant equations
Single Phase
Ap AV
—+—+Az+h +h =0 @)
rg  2¢g
pyvA =p v A4 2)
L v
ho=f—— 3)
D 2g
Dvp
Re = C))
Y7
16
=— (5) For laminar flow
Re
1 e/ D 1.26

(6) For turbulent flow

Table 3. Mathematical formulas for homogeneous two phase model

Relevant equations

Homogeneous two-phase flow

u, = xu, +(1-x)p @)
mod 4 0.079
Re=—"—,m,  =—F,/f =— ®)
u, nd Re™
1
€, = )
u (I-x) p.
1+ ig&
ul, x pl
p,=p(l-¢€) + pe, (10)
Ap,,. =p,gHsing (11)
2 f me,
Ap, =——= (12)
ap,
Ap =0 (13)
Apmml = Ap}w + Apmm + Apﬁ_w (14)
(@, =p,0d p, |
m = 025 (15)
0.241127Ly, "

021

02411 " u "L
D=| ———"— (16)
p,(Ap, ., —Ap )

static
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Table 4. Mathematical formulas for separated two phase model

Relevant equations

Separated two-phase flow
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1-x ol
e=|1+ Lo 19)
X P,
p,=p(-¢) + pe (20
Ap,. =p,gHsing 21
R 1-x ’ x 1-x ’ x
Apnmm ) rh;ﬂm’ {[ ( ) + } _{ ( ) + } }(22)
p(1-¢) pel, Lo (1-¢) pe]
E:(l—x)l+x2pL—fG (23)
Pt
F=x" (1 - x)om (24)
. (p_j (#_j (1 _&j o3
Py H, H,
rhz
FVH — m/n/7 (26)
gdp,
m’ d
We, =—=— 27
O-pll
Ap, =4f (Lid)m  (1/2p) (28)
. 3.24FH
(D;’ = E + 0.045 0.035 (29)
Fr)"We
Ap,, =0p®] (30)
A, =8, +Ap,, +AD, (€))

N
©
Y
©
(N
Y
fr
=
e
o
N
Y
4
2
E

S
o
rlo
i

5. Q-0 FEl2 2EsH] gttt
ol 2 71gS 7INEC 2 3714 Wit RF
Z21&- Table 2-4°]) VERAICE.

2ol A ARgEE

FHLSIE T Dpe 19) A5, Elols= 4 Y A el

SR P S WS G S S W, i o
T T8 Tipe 29} Bpe 39 735 21 2] $ @] nA5E 2
#9131 9101 2 Aol ErFsaA Aok ols) 2 58 B



Reis
calculated?

| Assume turbulent or

| Calculate Friction factor .
laminar flow

| Calculate hj, | | Calculate  hy, |

l }

| Determine 4p | |

Determine Q or D |

Stop

Fig. 1. Calculation flow chart for single phase hydraulics.
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Table 5. Algorithms to calculate pressure drop, velocity and diameter
for single phase

Type 1: Algorithm to calculate pressure drop
Step 1. Calculate

Re
Step 2. Calculate
f= 16 (6) For laminar flow
Re

_ 410g 8D, 126

1
Jr 37  Reyf

Step 3. Calculate

hy
Step 4. Determine

Apmm/
Type 2 & 3: Algorithm to calculate velocity or diameter
Step 1. Assume flow regime (turbulent or laminar)
Step 2. Calculate

h
Step 3. Calculate v (or D) with

16
= (6) For laminar flow
Re

) (7) For turbulent flow

gl D
4 log(

1 1.26
- __ -
\/? 3.7 Re \/?

Step 4. Check Re with predicted v
If predicted Re satisfies the assumed Re
stop
Else
assume the opposite flow and go to Step 3

) (7) For turbulent flow
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|

| Determine |
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Fig. 2. Calculation flow chart for homogenous two phase hydraulics.

Table 6. Algorithms to calculate pressure drop, velocity and diameter
for homogeneous two phase flow

Type 1: Algorithm to calculate pressure drop
Stepl. Calculate
Em Pip

Step2. Calculate
Re, f,[J

Step3. Calculate

Apxlulic’ Ap frict Ap mom

Step4. Determine

Aptaral Apstaric + Apmam + Apfru‘t (1 4)

Type 2 & 3: Algorithm to calculate mass flow rate or diameter

Stepl. Calculate

& p[p Ap_s/ulic
Step2. Determine

4 73 057
. [ W, —Ap,0d
m= 15)

0.241127Lp "
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02411 " "L
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p,(Ap,, —dp,.)
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Fig. 3. Calculation flow chart for separated two phase hydraulics.
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Table 7. Algorithm to calculate pressure drop, flow rate and diameter
for separated two phase flow

Type 1: Algorithm to calculate pressure drop

Step1. Calculate
& P p> Ap static
Step2. Calculate
Ap mom
Step3. Calculate s
FrH» WeLa ApL» (Dfr» Apfric!
Step4. Determine
Ap total = Ap static + Apmum + Ap frict (32)

Type 2 & 3: Algorithm to Calculate mass flow rate or diameter

Step1. Calculate

& ptps Ap static
Step2. Calculate

Ap mom> Ap frict
Step3. Calculate total pressure drop:

Ap total = Apxmlic + Ap mom + Ap frict (32)
Step4. Determine mass flow rate or diameter
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1. Input Module

2. Calculation Module
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Operating
Conditions
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Data
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Pipe Unit
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Size..)

Fig. 4. Software Structure for pipe hydraulic calculation for single and two phase flow.
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Material Schedule Number Nominal Pipe Size
Stainless Steel 316 Seamless 5, 10, 40, 80S 1/4,3/8,1/2,3/4,1,11/4,11/2,2,21/2,3,4,5,6,8,10,12, 14
M,L Type Copper 1/2,3/4,1,11/4,11/2,2,21/2,3,4
PVC 40, 80S 1/2,3/4,1,11/4,11/2,2,21/2,3,4,6
Aluminum 5,10, 408 11/2,2,21/2,3,31/2,4,5,6,8
Galvanized Steel 408 1/2,3/4,1,11/4,11/2,2,21/2,3,4
Black Steel 40, 80, 160S 1/2,3/4,1,11/4,11/2,2,21/2,3,4
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Fig. 5. Software Interface; (a) Main menu, (b) Pressure drop calculation for single phase flow, (c) Velocity calculation for homogeneous two phase

flow, (d) Diameter calculation for separated two phase flow.

Table 9. Calculation result of the examples for single and two phase flow

Example Calculation Result (Reference Value/Calculated Value)

Model Pressure Drop (Pa) Velocity (m/s) Diameter (m) Error (%)
Single Phase 265000 280421 6.4 6.47 0.2 0.21 3.8
Single Phase 74556 714733 4.84 4.93 0.3 0.31 3.1
Homogeneous Model 5940 5950.8 5.065 5.056 0.01 0.01 0.1
Separated Model 16182 16186.7 0.0402 kg/s 0.04 kg/s 0.016 0.016 0.2
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Fig. 6. Simplified PFD for pipe hydraulic calculation from LPG
process (single phase: 1-9, two phase: 10-16) [30].
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Table 10. LPG Process Diameter Calculation Results

Target Process Diameter Calculation Results

Calculated Diameter Actual Diameter Error

Line num Phase (inch) (inch) (%)
1 Single Phase 29.13 29.25 0.4
2 Single Phase 19.17 19.25 0.41
3 Single Phase 23.11 23.27 0.68
4 Single Phase 13.07 13.27 1.48
5 Single Phase 35.08 3524 0.45
6 Single Phase 23.42 23.27 0.68
7 Single Phase 1.04 1.06 1.85
8 Single Phase 7.98 7.99 0.1
9 Single Phase 23.42 23.27 0.68
10 Two Phase 11.36 13.27 14.36
11 Two Phase 2331 23.27 0.17
12 Two Phase 7.09 10.04 29.41
13 Two Phase 21.65 23.27 6.94
14 Two Phase 12.52 13.27 5.64
15 Two Phase 22.05 23.27 5.24
16 Two Phase 23.18 23.27 0.39
Single phase error rate (%) 0.75
Two phase error rate (%) 8.88
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