Oil and gas production wells Video 32: pressure drop calculations in wellbore, comparison of different models Prof. Milan Stanko (NTNU)
Iulation in saturated oil well, Prof. Milan Stanko (NTNU)
[Sm3/Sm3] 155.1
[m) 0.15 u
[m2] 0.0177
[m) 1.50€-05 Bl
(deg] %0 1
[Sm3/d) 100
[sm3/d] 1.556404 L
80 table column 3 4 5 6 8 10 7 9 11 Woldesemayat and Ghajar
VD [m] Tic) plbara) Rs [Sm3/sm3] rs [Sm3/sm3] Bo[m3/sSm3] Bg[m3/sm3] deng (kg/m3] viscg[cp) deno [kg/m3] viso [cp) sigma_o_g [N/m] qo[m3/d] qglm3/d] wuso(m/s] usg(m/s] lambdagl-] e[-] dp/dx[bara/m] ——
0 50.0 28 226 1.286-05 1.2 344602 378 1.10E-02 728.8 18 1.15€-02 1174 4,566E+02 0.077 0.299 080 0.49 0.0384
500 571 47.2 411 1.31E-05 1.2 1.90€-02 708 1.25€.02 708.8 1.2 8.37€-03 1242 2173402 0.081 0.142 064 0.34 0.0483
1000 64.3 714 65.3 1.43E-05 1.3 1.09€-02 1194 1.49E-02 684.3 0.8 5.12E-03 133.2 9.832E+01 0.087 0.064 0.42 0.21 0.0556
1500 714 99.2 93.9 1.69E-05 14 7.29€-03 178.7 1.91E-02 657.3 0.6 2.64E-03 1444  4.468E+01 0.095 0.029 0.24 0.12 0.0589 |
2000 78.6 128.6 1244 2.13E-05 16 5.71E-03 228.2 2.38E-02 630.8 0.5 1.33E-03 1568 1.761E+01 0.103 0.012 0.10 0.06 0.0597 |
2500 85.7 158.4 153.2 2.41E-05 1.7 4.49E-03 229.5 244E-02 607.9 04 6.71E-04 169.0  8.799%-01 0.111 0.001 0,01 0.00 0.0595
3000 92.9 188.2 155.1 0.00£+00 1.7 0.00E+00 0.0 0.00E+00 607.3 04 0.00E+00 169.5  0.000E+00 0.111 0.000 0.00 0.00 0.0602 |
3500 100.0 218.3 155.1 0.00£400 1.7 0.00E+00 0.0 0.00E+00 607.4 04 0.00E+00 169.5  0.000E+00 0.111 0.000 0.00 0.00 0.0602

Function e_wolqha(usl, usg, denl, deng, sigma_lg, teta_deg, p, D)

Function dpdx_mpf (roughness, viscl, viscg, denl, deng, usl, usg, D, angle, voidfraction)

'p in bar
'Dinm

'dpdx_mpf pressure gradient, in bar/m, for multiphase flow
'denl, liquid density, [kg/m3)

'usl in m/s
'usg in m/s

'deng, gas density, [kg/m3]
'usl superficial liquid velocity, [m/s]
'usg superficial gas velocity, [m/s]

'denl kg/m"3
'deng kg/m"3

'angle, inclination angle of pipe with respect to horizontal [deg]
'D hydraulic diameter of pipe [m]

'teta deg in deg
'sigma_lg in N/m

'roughness pipe roughness, [m]
'viscl, liquid viscosity [cP)

If usg = 0 Then
e wolgha = 0

'viscg, gas viscosity, [cP)
'voidfraction [-]

Else
Pi = Atn(l) * 4

Pi = Atn(l) * 4
denm = voidfraction * deng + (1 - voidfraction) * denl

teta = teta_deg * Pi / 180
'void fraction correlation by Woldesemayat and Ghajar (2006)

If voidfraction = 0 Or usg = 0 Then
ug =10
ul = usl

a=usg * (1 + ((usl / usg) * ((deng / denl) "~ 0.1)))
B=2.9*% ((9.81 * sigma 1g * D * (1 + Cos(teta)) * (denl - deng) / (denl ~ 2)) " 0.25)

fg=10

C = (1.22 + 1,22 * Sin(teta)) ~ (1.01325 / p)
e wolgha = usg / (a + (B * C))

fl = ffactor(denl, viscl, D, roughness, ul)
Elself voidfraction = 1 Or usl = 0 Then

End If
End Function

ug = usg
ul = 0
fl=10
fg = ffactor(deng, viscg, D, roughness, ug)
Else

ug = usg / voidfraction
ul = usl / (1 - voidfraction)
fg = ffactor(deng, viscg / 10004, D, roughness, ug)

fl = ffactor(denl, viscl / 1000, D, roughness, ul)
End If

dpdx_f = (fg * deng * (ug * Abs(usg)) * 0.5 /D) + (f1 * denl * (ul * Abs(usl)) * 0.5/ D)
dpdx h = denm * 9,81 * Sin(angle * Pi / 180)

dpdx_mpf = dpdx_f + dpdx_h
dpdx_mpf = dpdx_mpf / 100000%

End Function
lculation in saturated oil well, Prof. Milan Stanko (NTNU) .
[Sm3/Sm3] 155.1 T
[m]) 0.15 e
[m2) 0.0177
[m] 1.50¢-05 o
[deg] %0
[Sm3/d) 1000 e
[Sm3/d] 1556405 i
80 table column 3 4 5 6 8 10 7 9 1 Nagoo
wolm]  T[C] plbara]  Rs[Sm3/sm3] rs[Sm3/Sm3] Bo[m3/Sm3] Bg[m3/Sm3] deng[kg/m3] viscg[cp] deno [kg/m3] viso [cp] sigma_o_g[N/m] qo[m3/d] qglm3/d] uso[m/s] usg[m/s] lambdagl-] el-] dp/dx[bara/m]
0 50.0 28 2.6 1.28€-05 1.2 34402 378 110602 7288 18 L1SE02 11743  4.566E+03 0.769 2991 080 0.61 00313 |
500 57.1 437 373 1.29€-05 1.2 2.08€-02 634 L2602 nLe 1.2 8.906-03 12294  2.451E403 0.805 1.605  0.67 0.50 0.0387
1000 64.3 63.0 56.3 1.36€-05 13 1.34€-02 100.1 1.40€-02 691.6 09 6.20E-03 13004  1.320E403 0.852 0.865 050 0.38 0.0461 |
1500 714 86.1 M2 1.53€-05 14 8.91E-03 146.3 1.68E-02 668.7 0.6 3.756-03 13906  6.776E+02 0911 0444 033 0.26 0.0525
2000 78.6 112.3 105.7 1.84€-05 15 6.67¢-03 195.8 2.08£-02 6443 0.5 2056-03 14971  3.306E402 0.981 0217 018 0.16 0.0567 |
2500 85.7 140.7 134.2 2.32€-05 1.6 5.56€-03 2346 2486-02 620.2 04 L126-03 16155 1.167€+02 1.058 0076 007 0.06 0.0588 |
3000 929 170.1 154.6 1.91€-06 1.7 3.876.04 179 1.91€-03 604.6 04 6.306-05 17018  2.006€-01 1115 0.000 0.00 0.00 0.0597
3500 100.0 200.0 155.1 0.00£+00 1.7 0.00E+00 0.0 0.00€+00 605.0 04 0.00E400 17020  0.000E+00 1.115 0.000 0.00 0.00 0.0649 ——
Ihmcr.ion dpdx_mpf (roughness, wiscl, wviscg, denl, deng, usl, usg, D, angle, voidfraction)
'dpdx mpf pressure gradient, in bar/m, for multiphase flow
'denl, liguid density, [kg/m3] *
'deng, gas density, [kg/m3]
—+ 'usl superficial liquid velocity, [m/s]) -
Function e_Naqoo[lambdaq} 'usg superficial gas velocity, [m/s]
' & Nagoo, the void fraction of gas, in fraction, using the ANSLIP equation by Nagoo, 2013 ‘angle, inclinacion angle of pipe with respect to horizontal [deg] -
- . . . . X 'D hydraulic diameter of pipe [m]
'lambdag is non slip volume fraction of gas, in fraction ‘roughness pipe roughness, [m]
If lambdaq = () Then T 'wiscl, liquid wviscosity [cP] T
'viscg, gas wviscosity, [cP]
& Nagoo = 0 4 'voidfraction [-] —
Else Pi = Atn(l) * 4
e Nagoo = (lambdag + 1 - ((lambdag + 1) * 2 - ¢ * (lambdag " 2)) * 0.5) / (2% 1ambdag) ~ T wosaresorimg o b or wag = o Tnen fraction) ¥ dend |
End If ug = 0
End Function T ul = usi I
fg =0
fl = ffactor (denl, wviscl, D, roughness, ul) |
ElseIf voidfraction = 1 Or usl = 0 Then
ug = usg
ul = 0 [
f1 =0
fg = ffactor(deng, wviscg, D, roughness, ug) —
Else
ug = usg / voidfraction |
ul = usl / (1 - voidfraction)
fg = ffactor(deng, viscg / 1000%, D, roughness, ug)
fl = ffactor(denl, wviscl / 1000, D, roughness, ul) [
End If
dpdx £ = (fg * deng * (ug * Abs(usg)) * 0.5 / D) + (f1 * denl * (ul * Abs(usl)) * 0.5 / D)
dpdx h = denm * %.81 * Sin(angle * Pi / 180)
dpdx_mpf = dpdx f + dpdx h |
dpdx_mpf = dpdx_mpf / 100000%
Enﬁl E‘u.n‘ctio‘n ‘ ‘ ‘




Oil and gas production wells Prof. Milan Stanko (NTNU)

Exercise: Pressure drop calculation in saturated oll well, Prof, Milan Stanko (NTNU)

GOR [Sm3/sm3] 155.1
Pipe 1D [m) 0.15 |
Pipe cross section area [m2) 0.0177
Pipe roughness (m) 1.50€-05 |
Pipe inclination fromhor  [deg) 9
qo [sm3/d) 6000 -
Q2 [sSm3/d)  9.31E+05
B0 table column 3 4 5 6 g 10 7 - 1 Mechanistic model -
VO [m] Ticl plbana) Rs [Sm3/Sm3] rs[Sm3/Sm3] Bo[m3/Sm3] Bg(m3/Sm3] dengkg/m3] wviscg [cp) deno [kg/m3) viso [cp) sigma_o g [N/m] qo[m3/d] qgim3/d] wso(m/s] usg[m/s] lambdag(-] flowpattern dp/dx [bara/m]
0 $0.0 28 26 1.286-05 1.2 344602 378 1.10€-02 7288 1.8 LI1SE02 70460 27406404 4615 17944 080 Slug 0.0492 —
500 57.1 526 %68 1.34£-05 13 1.64€-02 821 1.29€-02 041 11 7.566-03 75645  LOGSE«04 4954 6976 058 Slug 0.0417
1000 643 735 67.6 1ASE.08 13 1.05€-02 125.0 1.536-02 6824 0.8 488603 90842  5.540£+03 5.269 3628 041 Bubble 0.0605 —
1500 714 103.7 9.2 1.76€-05 1.5 6.90€-03 189.5 2.00€-02 6533 0.6 235603 87812 2326403 5.751 151 on Bubble 0.0673
2000 786 1378 1348 233608 16 $.376:03 2431 255602 6236 0.4 LO7E03 96504  6.5958E+02 6321 0430 006 Bubble 0.0708 —
2500 85.7 1729 155.1 0.00£+00 1.7 0.00E+00 0.0 0.006+00 609.0 04 0.006¢00 101446  0.000E+00 6,644 0.000 000 Liquid 0.0693
3000 92.9 2075 155.1 0.00€400 1.7 0.00€+00 0.0 0.006+00 610.1 0.4 0.006+00 10127.0  0.000E+00 6,633 0.000 0.00 Uquid 0.0693 —
0.4 0006400 101257  0.000E+00 6,632 0.000 000 Liquid 0.0692

3500 100.0 242.1 155.1 0.00£+00 1.7 0.00E+00 0.0 0.00E+00 610.1
|
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4 A [ B | c | D | E F
1 |FLUID PROPERTIES Input: red
2 | Output: blue
—3 | Mo [Pas] 3.662E-04
4 My [Pas] 0.000E+00
s Oog m] | o.ooawo_l
6 Po [kg/mA3] 610.1
7] P: [kg/m*3] 0.0 dpldx Flow pattern
8. [Pa/m] [
9 |OPERATING CONDITIONS 6924.20 Liquid
10
1| Usl [mls] 6.632
12| Usg [mis] 0.000
—3]
14 |PIPING CHARACTERISTICS
[ 15
16 Angle (from hor.) [rad] 1.571
17| Diameter [m] 0.15
18 | Roughness [m] 1.50E-05
pwh=28 bara
Models Wolgha Nagoo Mechanistic
10 — o o 350.0
[Sm3/d] [bara] [bara] [bara] =
£ 3000
100 218.3 197.5 205.5 f;
250 200.0 197.6 187.5 s 550
500 1885  198.2 173.2 e
1000 182.4 200.0 165.6 2
2 2000 -
2000 186.9 2115 166.8 s
3000 199.2 223.7 178.4 %
£ 150.0
4000 2245 2385 206.2 £
5000 245.2 266.9 224.2 P: 1000 —o—Wolgha
6000 2805 2875 242.1 ‘-3 ' —s=Tes
é 500 - —&— Mechanistic
0.0 T T v v - : 3
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oil rate, qo, [Sm3/d)






