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PROBLEM 1. (15 POINTS) The molar composition of separator oil (liquid) has been
measured in the lab (see the table below).
Estimate the composition of the inlet mixture.

e Assume that the vapor molar fraction (Fv) is 0.16.

e Separator pressure is 100 psia and separator temperature 120 F.

e The chart provided below shows vapor equilibrium Ki values versus pressure.

OPPGAVE 1 (15 POENGER) Molaritetene av separatorolje (vaeskefase) har veart malt i
laboratoriet (se tabellen under)

Beregne molariteter av innlgpsblandingen (olje+gass).

* Anta at dampmolefraksjonen (Fv) er 0.16.

» Separatortrykk er 100 psia og separatortemperatur 120 F.

* Grafen nedenfor viser damp-likevekt Ki-verdier versus trykk.

well — L Component/ Molar fraction/
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PROBLEM 2 (25 POINTS)
OPPGAVE 2 (25 POENGER)

1. The gas capacity of a horizontal gas/liquid separator is defined by the equation/Gass
kapasitet av en vaeske-gass separator er gitt:

Lerrds _ Qg

hg, ~ V

| Seam-to-Seam Length =L,

Inlet Effective Length = Ly Exit
L
|
f/ -— | -\\._
I,l'f v, ™ \"|
| 8 -— \
| b e— | |I
|I |'
"-\ Liquid /
. /
- S
Ay = Ag + 4,
mh:

Where Agjand A; are the cross-sectional area of the gas section and liquid section
respectively. Q, is the local gas rate. / Hvor Ag og Al er tverrsnittsareal av gass og
vaeske lag henholdsvis. Qg er den lokalt gassraten.

Explain how is this equation derived (step by step) /Forklare hvordan er ligningen avled
(steg for steg)

2. In the expression presented earlier, what does V; represent and how is it derived?/ |
ligningen vist tidligere, hva V+ betyr og hvordan avledes?



PROBLEM 3 (25 POINTS)
Figure 1 shows a subsea system designed to boost a mixture of water and oil from a manifold
to the platform.

Figur 1 viser en undervannsproduksjonsystem som skal transportere en blanding av olje og
vann fra en manifold til platformen.

P

sep

= 40bar

Riser Length=350m

Riser ID=12in 200m

%7 50m ——‘ '-7 9.85km
- ID=12in 4“1“ ID=12in o - v
Riser Base

Py = 35bar Radial Pump

Figure 1 System description/Oversikt av systemet

The manufacturer has provided in Figure 2 the performance (head versus rate) of the pump to
be installed. There are 5 impeller sizes available for the same pump casing. Based on your
system characteristics you must decide which impeller size is the most suitable option to
provide a rate of at least 350 m?/h.

Pumpeprodusent har gitt | figur 2 pumpekurver (lgftehgyde vs. Flow) av pumpen som skal
installeres. Det finnes 5 forskjellige rotorstarrelser tilgjengelige til samme pumpehus. Basert
pa systemytelsen, du ma bestemme hvilket rotor er mer passende for a gi en vaeskerate av minst
350 m3/t
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Figure 2 Performance curve of the radial pump



Task/Oppgave:
1. Select an appropriate impeller diameter of the radial pump to provide the desired rate.
Calculate the operating point (flow rate and head) for your selection.

1. Velg en passende rotorstarrelse av pumpen for & gi gnsket raten. Beregne rate og
laftehgyde for din valg.

Additional considerations/supplerende informasjon:

e Consider the change in kinetic energy is negligible of fluid in the suction and
discharge piping. /Neglisjere endringer | kinetisk energi | systemet nedstrem og
oppstrgm pumpen

e Consider constant Darcy friction factor of 0.023 and neglect the minor loses
(accessories) in the pipe/ Antar at Darcys friksjonsfaktor er konstakt og har en
Verdi av 0.023. Neglisjere mindre tap | restriksjoner

e Gravity acceleration/Tyngdeakselerasjon: 9.81 m/s?

e Density of oil-water mixture/ densitet av olje-vann blanding: p, = 940 kg/m3

PROBLEM 4 (35 POINTYS)

Prosessen for Statfjord A er illustrert i figur 6.1 nedenfor. Figur 6.2 angir adiabatisk eksponent
for alifatiske naturgasser (metan, etan, osv.)

The process for Statfjord A is illustrated in figure 6.1 below. Figure 6.2 indicates adiabatic
exponent for aliphatic natural gases (methane, ethane, etc.)

Gitt/given :
- Produksjon olje/Qil production: 20 000 Sm*/d
- Gassproduksjon/ gas production 40-10°Sm®/d
- Vann/oljeforhold/ WOR: Rw=0.01
- Spesifikk tettheter/gravity olje: 0.825, gass: 0.7, vann: 1

a) Estimer utlgpstemperatur for injeksjons-kompressoren.

b) Estimer effektbehov for injeksjons-kompressoren

c) Basert pa svartoljemodell, estimer gass-strgm (kg/s) gjennom kompressor 2 .

d) Estimer utlgpstemperatur kompressor 2. Vurder/diskuter eventuelt avvik mellom ditt
estimat og utlgpstemperaturen 126 C, estimert ved komposisjonell simulering.

a) Estimate outlet temperature from the injection compressor.

b) Estimate power requirements of the injection compressor

c) Based on black oil model, estimate gas flow (kg / s) through compressor stage 2

d) Estimate the outlet temperature compressor 2. Evaluate / discuss any deviation between
your estimate and the temperature estimated by compositional simulation: 126 C.
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Gassgravitet: g = MJrMa

Figur 6.2 Adiabatisk eksponent

Oppgitt /Given
7 . oOljegravitet, yo =pol pw
yg: gassgravitet, yg =pg%pa =Mgy/28.97
General gas constant: 8314 J/(kmol K) Mole weight air

: 28.97 kg/kmole



Flow in pipes:

General gas equation: pV = znRT

Adiabatic model:
ka = inik

k-1
K
T2 ) Tl [&]
Py

Heat transfer, Heat exchanger

dg=-U (T -T,)7zDdx

dg=c,mdT
AT, —AT
Mean temperature drop: AT, =——+~——2—
In(AT,/AT,)
AT, :Ta,z _Ti,l
AT, = Ta,l _Ti,2

Black oil model relations

Qg :qo(Rt_Rs)Bg

Q= qO(B0 + RWBW)
Rs —0.00590 Yq 10%14/701 000198 T (0_797 107 p+1.4

)1.205

1.2
B, =0.9759 + 0.952.10° (( 7o l7,) " R +040LT -103)

0
Bg zp_loz
pT

Gas compression
k-1
s
W= plvlL L&J -1
k-1/\ p,

k-1
e K [P ) g 1at2
Mz, k -1/ { p, 2




TPG4135 — SPRING 2019 — Exam solution

Problem 1:

Reading from the chart, for separator pressure and temperature:
Kc1 =40

Kez=2.1

Kes = 0.11

Now, x; is given, with K; = y;/ x; this gives:

yc1 = 0.553

ycs = 0.357

Yce = 0.089

then, using the expression with the mole vapor fraction provided:
zc1=0.1

Zc3 = 0.2

Zce = 0.7

Problem 2.1:
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Problem 2.2

Vt represents the terminal velocity of the droplet and it is the vertical velocity at which the
droplet travels in the gas towards the gas-liquid interface. It is usually derived by performing
a force balance on the droplet considering weight, drag and buoyancy.

Problem 3
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Adiabatisk eksponent, estimert for gassgravitet: 0.7

13571

1371
1.265
125¢

1.05T

1 ! ! ! !
05 g7 1 15 2 25 3
Gassgravitet: ﬂ,rg=M1fMa

k-1 1.265-1

ko .
T, =T, P2 | " = (494 273)[ 32" _3628K >t,=89.8¢
2= h 215 ‘

1

Naermere temperaturen oppgitt: 90C, enn vi kan forvente

b) Effekt, injeksjonskompressor
Massestrgm: My = poq, =(0.7-1.23)-(40-10° / 86400) =39.9kg / s

k-1 0.265

. 0 8314-(49+ 273 L2ss
w=m, RILK (P ]| g0 8324 )1.265 (38())”65 ~1]=3.59-10°w
M k-1 p, 07123  0.265| 215 =

c) Kompressor 2
Kompressor 2 handterer gass fra separator 3 og 4. Gass-strgmmen tilsvarer gass som

frigis mellom separator 2 (21.7 bar, 87C) og 4 (0.7 bar, 78 C). Med svartoljekorrelasjon

Ry, =0.00590 , 10*4/%10 °%*%T: (0.797.10°° p, +1.4) "~ =10.7

Ry, =0.00590 », 10*47:10 ™™ (0,797 .10°° p, +1.4)1'2°5 ~0.73
thy, = P20y = P2 (Ry = Reg ) gy =(0.7+1.23) - (10.7 - 0.7) 20000/ 86400 = 2.0kg / 5

d) Utlgpstemperatur kompressor 2

k-1 1.265-1

K 1265
Estimat: T, =T, ( Pay J ~(38+ 273)(%?) e

2i

Dette er betydelig over gitt temperatur 126: En dpenbar feilkilde er at vi forutsatt

gjennomsnittlig gassgravitet : 0.7, samsvar med svartoljemodellen. | realiteten vil andelen
tyngre gasser som frigjgres vaere stgrre ved lage trykk. Om vi for eksempel antar gravitet som
for luft: yg=1, skulle det tilsvare adiabatisk eksponent: 1.195
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Revidert temperaturestimat

k-1 0.195

Tk 1.195
T, =T, [ pzuj ~(38+ 273)(£j“95 — 401
45

2i

01K t,,=128C

Bringer temperaturestimatet naert oppgitt utlgpstemperatur
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