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JQE? Plan for this week

Discuss viscosity
Darcy Equation for pressure drop
Friction factors

Moody Charts

Sample Calculations

Making Measurements Matter
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B{]QE?U Properties of fluids

®For time delay calculations, we often only care if it isa gas or a
liguid, not its composition

@ Properties of fluids are important for sample system design, and
this makes the chemical composition important

®Typical Properties of interest:
Density — how heavy is it?
Viscosity — how much does it resist flow ?
Bubble Point — At what temperature and pressure will gas bubbles form?
Dew Point — At what temperature and pressure will liquids condense?

Cloud Point — At what temperature will solids or waxes precipitate?
Phase diagram — what are the properties at other temyps pressures ?

Making Measurements Matter
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U§2H Molecular Weight and Density of Gases

If we know composition of a gas, we can determine average molecular weight.
If we also know the pressure and temperature we can calculate the density.

m- At 1bara (100 kPa) and 0°C (273K),

[ T— 742% 11.87 grams/mole one mole of gas occupies 22.7 liters.
Carbon Dioxide 44 16.4% 7.22 Assume conditions are 6 psig
Ethane 30 81% 243 (141 kPa) and 60°C (333K)
Nitrogen 28 1.3% 0.36
Total 100% 21.88 grams/mole
MW P 273 21.88 gr/mole 141kPa 273K k
Density = gomp X o X Trroces 22.75/40[6 * 100 kPa < 333K _ - ngT =L m_g3

Making Measurements Matter @»
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QEZH Density of liquids

1

@®Usually the process data sheet will give us the density
®Doesn't vary much with temperature and pressure
®Has a much smaller effect and effective range than viscosity

®Density of light hydrocarbons (propane) around 500, water and
heavy hydrocarbons 1000 kg/m3 (by contrast viscosity of propane
around 0.15 and heavy oil around 300 )

Making Measurements Matter @»
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SJQE”H What is viscosity?

@®Viscosity is a measure of a fluid's resistance to flow. It describes
the internal friction of a moving fluid and is often referred to as
the fluid's "thickness" or "stickiness". Syrup, for example, has a
higher viscosity than water.

Bitumen Heavy Oil Light Qil Water Pentane
: Common Units
6 0 1\ } ‘ g cP - Centipoise = 0.001 Pa-s
10°to 108 cP J AR/ i Lo
l 4

<350 P | 1Pa-s =1kg/(m-s)

L cSt — Centistokes (cP/density)

N 0.17cP
Making Measurements Matter @r
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{]LJS"'H Flow Regimes

Laminar flow (low Re)

Turbulent flow (high Re)

Fluid Velocit
flow » @ \%’Dg "profllle¥

N\ Velocity
—') "profile”

Fluid

®Laminar flow occurs when fluids: ®Turbulent flow occurs when fluids:
® Flow at low speeds ® Flow at higher speeds
@® Flow in narrow tubing ® Flow in larger diameter tubing

® Are very viscous (don't pour easily) ® Have low viscosity

We prefer turbulent flow in our sample systems if we can

Making Measurements Matter
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(J Reynold’s Numbers

®We prefer turbulent flow in our sample systems if we can

dvp

U
® Re <2000 assume laminar

® 2000 < Re < 4000 critical zone
® Re > 4000 assume turbulent

®Reynolds Number Re =

Pentane 0.17 85,000
Water 1000 1.0 24,000
Light Crude 820 3.0 6,500
Heavy Crude 950 300 75

d diameter mm or m

. m
v velocity 5

kg
p density 3

W viscosity cPorPa- s

le: For Penta

Assume Velocity is 2 m/s in ¥2" sch 80 pipe (ID=12 mm)

ne

12 x 2 x 600

Re =

017 = 84,700

Making Measurements Matter

Www.insight_a nalytical.com © Insight Analytical Solutions Inc.




=

2
yJ Pressure Drop

a2
® Pressure Drop can be substantial for liquids and d = diameter mm
m
should be always be calculated ! v = Velocity?
2 k
AP=f><L><p><v p=densitym—93
2xd L = length m
® We can often start by assuming the friction factor fis f = moody friction factor
0.032, but can also estimate it from a Moody chart
@ |deally, we have more pressure drop than we need to This gives AP in kPa
account for pressure fluctuations and line blockage
® KNOW what your source of differential pressure is'!

Making Measurements Matter @»
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ﬂ sz Pressure Drop Calculations

= 3 =
Lo" Sch 80 151 mi/m Condensate p=740 kg/m3 v=12cP
05m 15" x 0.049" tubing 10.2 mm ID AP =

fXLXpXv?

—1 81ml/m 50m 2xd
\U Analyzer oo _ dﬂ
Liquid Flow 5 liter / min - M
LiqUid Sample Probe = 0.5m X 151%1 =75ml
What is the volume in the probe and the line ? Line = 50m. x 81ﬂ — 2050 m]
What is the response time in seconds?  time =——— = :15511 0.825min = 49.5s

min

What is the velocity in m/s (distance/time)? o 20m g m

49.5s s
What isthe Reynolds #?  Re = 102 xll'g X710 = 6290

What is the pressure Drop (f=0.032)?  pp = 2032X50x740x1* _ po )

2X10.2

Making Measurements Matter @
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SJQEH Pressure Drop Calculations

¥5" Sch 80 151 mi/m

Condensate p=740 kg/m3 v=12cP

05m 2" x 0.049" tubing 10.2 mm ID AP
-1 8Iml/m 50m
| Analyzer
\U Liquid Flow 5 liter / min
What happens if we change the line diameter ?
ID Volume Time Velocity Re DP

Line mm ml sec m/sec kPa
1/2" x 0.049") 10.21 4094 49.128 1.02 6416 60.4
3/8"x0.049" 7.04 1944 23.3 2.15 13524 268
1/4" x 0.035") 4.57 821 9.85 5.07 31,900 1492

Making Measurements Matter
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-U_.‘Z_J
5]25 Pressure Drop (Gases)
5000 sccm
NatGas Molwt=17gr/mole v=0.02

3bara [ ABB GC
| | 250 sccm
[ T=15°C 1/8" x 0.028" tubing 1.75
mm ID SpectraSensor
24ml/m 20m | 2000 sccm

What is the flow in the line?

What is the density of the gas in the line?
What is the volume in the line?

What is the response time in seconds ?
What is the velocity in m/s (distance/time)?
What is the Reynolds # ?

What is the pressure Drop?

Making Measurements Matter @
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.[J—?J
5325 Pressure Drop (Gases)
5000 ccm
NatGas Molwt=17gr/mole v=0.02

3bara [ ABB GC
| | 250 ccm
[ T=15°C 1/8" x 0.028" tubing 1.75
mm ID SpectraSensor
24ml/m 20m | 2000 ccm

What is the flow in the line? Flow=5000+2000+250=7250 ccm

What is the density of the gas in the line? p = 1214214; X lbzm X 2;3 = ;Zi X % X Z—;z = 2. 25%

What is the volume in the line? Vol=20m %x2.4 ml/mx3/1x273/288=136.5 ml

What is the response time in seconds ? Time = FV°l = 136.5/7250=0.019min=1.12 s

low

Making Measurements Matter
Www.insight_a nalytical.com © Insight Analytical Solutions Inc.
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5]25 Pressure Drop (Gases)
5000 ccm
NatGas Molwt=17gr/mole v=0.02

3bara ABB GC

‘ :
| T=15°C 1/8" x 0.028" tubing 1.75
mm 1D SpectraSensor
24ml/m 20m | 2000 ccm
What is the velocity in m/s (distance/time)? v = %’2"5 =17. 86?
What is the Reynolds # ? Re = 1'75“076826)(2'25 = 3,516
2
What is the pressure Drop? AP = L3220 225507867 _ 439 | pg or about 1.31 bar

2x1.75

Pressure at inlet to analyzers is 3bara —1.31 bara = 1.69 bara = 0.69 barg =10 psig

HAVE A PROBLEM IF THE ANALYZERS REQUIRE 15 psig at INLET

Making Measurements Matter @
Www.insight_a nalytical.com © Insight Analytical Solutions Inc.




iILE?J Pressure Drop (Gases)

NatGas Molwt=17gr/mole v=0.02
3bara

ABB GC
250 ccm

T=15°C 1/8"x 0.028" tubing 1.75
mm ID
24 ml/m 20m

SpectraSensor

2000 ccm

Envent H2S
5000 ccm

ID Volume Time Velocity Re DP
Line mm ml sec m/sec kPa
1/8" x0.028"| 1.75 136.5 1.12 17.86 3522 131.1
1/8"x0.020" 2.16 210.4 1.74 11.49 2790 44.0
1/4" x 0.049", 3.86 665.4 5.51 3.63 1577 2.5

Making Measurements Matter
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BLIQEH Darcy Friction Factor

®The Darcy friction factoris a dimensionless quantity used to
describe the amount of energy loss due to friction in a fluid
flowing through a pipe.

®To estimate it, we need to know the relative roughness (¢/D) of the
tubing and the Reynold’s number (Re).

@®Can be calculated by any number of approximations:
For Re <2320 f=64/Re
For Re > 2320 can use Jains' Equation

1.325

e . 575.]
In(z7p + Re°-9)]

Making Measurements Matter @»
Wwwainsight_a nalytiCal.com © Insight Analytical Solutions Inc.
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H,JQEZH Using Moody Charts

®Relative Roughness

@ |n turbulent flow, the friction factor can be retrieved from the Moody Charts
in Crane. To look up a value, we need the relative roughness of the tube or
pipe walls.

@ The actual irregularity of tube and pipe walls does not change much with
diameter and is known as the absolute roughness (g):

® for drawn tubing; € is about 0.0015 mm
@ for commercial pipe; € is about 0.05 mm
® Relative roughness is calculated from:

absolute roughness ()

rr =
line internal diameter (d)

Eg: for 12" pipe Sch 80 _ 0.05mm
(ID=13.8mm) = 138 mm

Making Measurements Matter @»
Www.insight_a nalytical.com © Insight Analytical Solutions Inc.
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Friction
Factor =

VALUES OF (vd) FOR WATER AT 15°C (VELOCITY IN m/s X DIAMETER IN mm)

w

&
200 300 400 600 800

_1 2 %,

Making Measurements Matter
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Friction
Factor =

VALUES OF (vd) FOR WATER AT 15°C (VELOCITY IN m/s X DIAMETER IN mm)

w

&
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{]LJS"'H Liquid Fast Loop Example

60m 2" Sch 40 pipe
ID 12mm 0.151 I/m

60m 12" Sch 40 pipe ]:I
ID 12mm 0.151 I/m

Crude Oil
Density = 900 kg/m3
5 bara 3bara Viscosity=10 cP

Desired Response Time -1 minute

What velocity is needed ?

What is the volume in the transport line ?
What is the relative roughness ?

What is the Reynolds # ?

Using Moody Chart- What is friction factor?
How much is the pressure drop ?

Making Measurements Matter @
Www.insight_a nalytical.com © Insight Analytical Solutions Inc.




{][,‘JS?J Liquid Fast Loop Example

60m 2" Sch 40 pipe
ID 12mm 0.151 I/m

]:I But does it work ?

60m 12" Sch 40 pipe
ID 12mm 0.151 I/m

Crude Oil
Density = 900 kg/m3
5 bara 3bara Viscosity=10 cP

Desired Response Time — 1 minute

. . dist 60
What velocity is needed ? v = -8 = 22 ¢ &
time 60s s

What is the volume in the transport line ? Vol = 60m x 0. 151% = 9.06 liters

liters

How much flow is needed ? Flow = 9.06

min
What is the Reynolds # ? Re = dxzxv = 13'8>;?)OOX1 = 1240 (laminar)
What is the relative roughness ? rr = (1)'702 =0.0036

Using Moody Chart- What is friction factor? ~ 0.06
fLpv? 0.06x60x900x12

How much is the pressure drop ? AP = Sl i1a 8 =117 kPa
Making Measurements Matter : @
Www.insight_a nalytical.com © Insight Analytical Solutions Inc.



SJQE”H Liquid Fast

LOOP Are we good ? How do we get back

60m ¥2" Sch 40 pipe
ID 12mm 0.151 I/m

60m 1" Sch 40 pipe
ID12mm 0.151 I/m

Crude Oil
Density = 900 kg/m3
5 bara 3bara Viscosity=10 cP

Desired Response Time — 1 minute

. . listance 60
What velocity is needed ? v = = “7 = =" % =

What is the volume in the transportline ? Vol = 60m x 0. 151$ —9.06liters  (0.279 I/m 18.85 mm ID)

. r'r-.-.
How much flow is needed ? Flow = 9.06 ﬁ
dxpxv 13.8x900x1

What is the Reynolds#? Re =

We need 2.35 bar differential !
Possible Solutions:
1) Pump > EXxpensive
2) Accept 2 minute response time — v drops by Y2 v2 ¥4

But friction factor goes up- sucks being laminar
3) Shorter sample lines (move the shelter closer)
4) Go to alarger return line!
We don't care about slow response in the return line
m For example we could go to a 34" Sch 40 line

S

u . 10

What is the relative roughness ? rr = 995 _ 0.0036

= 1240 (laminar)

l
Vol = 60m %X 0.279— = 16.7 liters

8 m
Using Moody Chart- What is friction falcs:t?or‘i ~ 0.06 , . _ vol 16.7
How much is the pressure drop ? AP = “,”1"’ = S = 117kPa time = = = 110s
2a 2x13,8 flOW 9
locit 60m 0.55m
veloct = =
y 110s S
AP 0.06 x 60 X 900 X.552 26 1P
= = a
2 X 18.8
Making Measurements Matter @»
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BJQEP Analyzing a system

@ |dentify major components (significant volumes)

@ |dentify what you think you want for flow rates
Estimate number of purges (N) for each object
Estimate physical volume of each object

Calculate effective volume for each object
|_|C]U|d5 VOleff =N X VOlphyS

Popj ow .
© Gases Volyss = N X Volypys X (P b ) X <T” ) < Ideal Gas Law Correction

Flow Tobj

Volgsr )

@ Calculate time in each object (Time = o

Distance)

@ Calculate speed in transport lines (v = Speed = e

® Add all the times up for objects before the analyzer

@ Calculate time delay and speed for fast loop return
Making Measurements Matter
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SJQE? Analyzing a system (more)

®Determine fluid density and viscosity
®Calculate / determine Reynolds numbers from
®Determine / estimate relative roughness
®Determine Darcy friction factor

®Calculate pressure drops for both the supply and the return line

®Evaluate system to see if it meets desired response time and to
see if there is sufficient differential pressure

®Optimize as necessary

Making Measurements Matter @»
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E@'E.ZH Summary

@ Detailed calculations should be done to evaluate system

response, including
Flow meter corrections
Estimation of volumes
Estimation of flow rates
Estimation of physical properties
Calculation of estimated time delays and velocities
Calculation of Reynolds numbers
Estimates of friction factors

Calculation of pressure drops
System optimization

Making Measurements Matter @
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LQEH Next Session Summary

<-General Requirements systems
é Fee'"pat'b"'.“ “-Viscostty
® Time delay calculations
s Meore-complex systems < Pressure-drops
= Fastloeps ® Generalized Procedure

“-Gaslaws-and-compressibility © Spreadsheet template and
“—mproving systemperformanee o ked examples

Making Measurements Matter
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Questions ?




