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Report Summary:


Oil #1 Used


Saybolt Viscosity: 

37.018cp @ 22.3˚C






14.687cp @ 42.9˚C


Cannon-Fenske Viscosity:
38.177cp @ 23˚C


Brookfield Viscosity:

40.95cp


Viscosity Index: 

97.078
Lab Objective:

The purpose of this Lab is to measure the viscosity of petroleum fluid with three different methods, each with its own benefits and problems. We also observe the affect of temperature and viscosity.

Theory:


Crude oil is categorized by the property of the liquid, with viscosity, API gravity, density, amount of water and suspended solid matter it contains. These properties vary by the refining of crude oil.
Three tests will be done on a refined oil to measure the viscosity. The density of the crude oil will be determined in this lab using a specific gravity relation, an API Gravity relation and the usage of a densitometer. All tests were done following the ASTM standard. 
Saybolt Viscometer

The first test used is the Saybolt Viscometer. This test is done by measuring the time it takes for a fixed volume of oil to flow down, with only gravity acting on it. The time measured from the Saybolt Viscometer is in Saybolt Universal Seconds (SUS).

The viscosity, in centistokes can be calculated using this equation:


η = 0.22θ – 180 / θ

when, 30 < θ < 500


Or

η = 0.216θ


when, θ > 500



Where:

η = viscosity in centistokes





θ = viscosity in SUS


And the absolute viscosity can be calculated with this equation:


μ = η ρ



Where:

μ = absolute viscosity in centipoise





ρ = density in gm/cc


Viscosity changes indirectly with temperature and this can be dictated from the Walther equation:

Log (Log (η + 0.8)) = - n Log (T / T1) + Log (Log (η1 + 0.8))



Where:

η = kinematics viscosity, in centistokes at temperature T





T = absolute temperature in Kelvin, or Rankine





η1 = viscosity at Temperature T1




n = constant for a given liquid


For this lab, the relation between temperature and viscosity will be related using the viscosity index. This is calculated using the viscosity of two temperature, 100˚F and 210˚F. The viscosity index is calculated with this equation:

V.I = (L-U) / (L-H) x 100

Where:
U = Kinematic Viscosity at 100˚F of the oil whose viscosity is to be calculated


L = Kinematic Viscosity at 100˚F of an oil with a zero viscosity index which has the same viscosity at 210˚F as the oil whose viscosity index is being calculated


H = Kinematic Viscosity at 100˚F of an oil with viscosity index of 100 which has the same viscosity at 210˚F as the oil whose viscosity index is being calculated


All U, L, and H have units of Saybolt Universal Seconds.

Cannon-Fenske Viscometer

[image: image1.emf]

The second test conducted to obtain viscosity is the Cannon-Fenske viscometer. As shown here.

This test is also gravity assisted and a fixed volume is used so the hydrostatic pressure will induce the flow of the liquid. The volume of liquid is set, from the point A to the brim (top). The liquid will flow downwards, and eventually reach point D. The time required for the liquid to flow from B to C is recorded and multiplied by a constant that is set by the manufacturer. The same is to be done for the time from point C to D; however the constant is lower because it takes more time.
The viscosity unit derived from this apparatus, after multiplying the time recorded by the constant, will be in centistokes.

The Cannon-Fenske Viscometer used for Oil #1 is Size 200, # 783.

Brookfield Viscometer

The third test used to determine viscosity is relatively advance compared to the Saybolt and Cannon-Fenske viscometers. It will apply rotate the sample of oil at a constant angular velocity or fixed revolutions per minute (RPM), and it will measure the actual torque. The actual torque will be less than the RPM set because the liquid will offer resistance. The dial on the apparatus will give a reading, where it will be multiplied by a given constant unique to each RPM, and the viscosity in centipoise has been determined.
For a Newtonian fluid, the viscosity is the same regardless of the RPM set.

Density, Specific Gravity, API Gravity

Density of a liquid is defined as the mass of a liquid per unit volume at a given temperature.

Specific gravity is the ratio of the density of a liquid to the density of water at a given temperature.

· In this lab, three density values for the oil sample will be obtained through three different methods. 

· The first method is the use of a hydrometer which measures the specific gravity of the liquid, relative to the density of water at 60˚F. The readings on the hydrometer are all less than 1.0000 (to four decimal places).

S.G. @ 60˚F = ρ of liquid / ρ of water
Where 

ρ of water @ 60˚F = 0.99913 gm/cc

· The second method to obtain the density of a liquid is with the API hydrometer which can be used to determine the specific gravity at 60˚F. The reading from the API hydrometer will be read to one decimal place and have units of ˚API. This hydrometer is commonly used in the petroleum industry. The specific gravity of a the liquid can be obtained using this equation:
˚API = 141.5 / (S.G. @ 60˚F) – 131.5

*The API hydrometer and Specific Gravity hydrometer has to measure the liquid at 60˚F

· The third method utilized to determine the density is to use a densitometer. Due to the sensitivity of the equipment and time constraint, this test was not conducted but values were provided and the density was determined through a formula. The densitometer works by filling a U-shaped tube with 3 cc of a fluid and it will vibrate with a frequency from that of another due to the differing inertial masses in the tube. The period of the vibration for the liquid is obtained. However, it is very important the densitometer is calibrated with dry air and distilled water to ensure no contamination.

The density of the sample can be calculated using the formula:

ρs = ρ1 + [(Ts² - T1²) * K]


Where

ρs = density of the sample




Ts = period for the sample




ρ1 = density of distilled water




T1 = period of distilled water




K = densitometer calibration constant



K is determined from this formula:



K = (ρ1 – ρ2) / (T1² - T2²)




Where

ρ1 = density of distilled water






T1 = period of distilled water






ρ2 = density of air






T2 = period of air




ρ2, density of air is determined from this equation:




ρ2 = ρair = [0.001293 / (1 + 0.00367 * T)] * H / 76





Where

T = temperature in degrees Celsius







H = barometric pressure in cm. HG

With three density values at two different temperature, the volumetric coefficient of expansion, Ct, can be determined and used to calculate the density of the liquid at any other temperature. The volumetric coefficient of expansion is calculated using this equation:

 ρ = ρo – Ct (T - To)


Where

ρ = density in gm/cc of oil at temperature T, in ˚C




ρo = density in gm/cc of oil at temperature To, in ˚C




Ct = volumetric coefficient of expansion

With density of the liquid, one can relate the viscosity in centistokes and the absolute viscosity in centipoise.
Procedure:

1. Obtain the API gravity and specific gravity, at 60˚F, of the refined oil given to you. The API hydrometer is read to one decimal place, the specific gravity hydrometer is read to four decimal places. Convert the API reading to room temperature using the chart provided on pages 13 and 14 of the lab hand out.

2. Obtain the viscosity of the refined oil at two temperatures using the Saybolt Viscometer. (Room temperature and 120˚F)

3. Obtain the viscosity, at room temperature of the refined oil using the Cannon-Fenske Viscometer. The instructor will set up the apparatus. Measure the time it takes to reach the two points on the Cannon-Fenske Viscometer. With the time obtained, multiply the results by the L constant and U constant.

4. Obtain the viscosity, at room temperature of the refined oil using the Brookfield Viscometers. Record both the rpm mode and average the dial-out reading. Multiplying the dial-out reading by the multiplication factor for each specific rpm.

5. The instructor will demonstrate how the densitometer works, but will not do each oil sample. The values are given.

Observation and Data:

The oil used in my group was Oil #1
· Saybolt viscometer

	1st Run
	Temperature
	22.3˚C
	72.14˚F

	
	Time
	3min 22.38sec
	202.38 SUS

	2nd Run
	Temperature
	42.9˚C
	109.22˚F

	
	
	1min 29.53sec
	89.53 SUS




An increase in temperature made the liquid flow faster.
· Specific Gravity Hydrometer



Temperature: 15.5˚C = 60˚F



Hydrometer reading: 0.8561

· API Hydrometer

Temperature: 15.5˚C = 60˚F

API Hydrometer reading: 34.2 ˚API




Analysis from Table 4

Observed Temperature = 60˚F




API Gravity at observed temperature = 34.2 ˚API




Corresponding API Gravity at 60˚F = 34.2 ˚API

· Cannon-Fenske Viscometer

Oil #1 used the Canon-Fenske Viscometer with Size 200, #783
	Room Temperature = 23˚C
	Time
	Time
	Constants
	Viscosity in Centistokes

	Time 1
	6min 17.50sec
	377.50seconds
	L = 0.11790
	44.50725

	Time 2
	8min 41.82sec
	521.82seconds
	U = 0.08731
	45.5601042

	
	
	
	Average viscosity
	45.0336771


The difference between the upper and lower viscosity calculated can be due to the fact that the Cannon-Fenske Viscometer may not have been aligned perpendicular to the ground surface and the weight may not be acting directly downwards through the viscometer.
· Brookfield Viscometer

Start with 16cc

	RPM
	Dial Read-Out
	Multiplication Factor
	Viscosity in Centipoise

	0.3
	3.6
	20
	72

	0.6
	5.6
	10
	56

	1.5
	10.9
	4
	43.6

	3
	20.4
	2
	40.8

	6
	39.9
	1
	39.9

	12
	79.0
	0.5
	39.5

	Average Viscosity (omitting the first two)
	40.95


The first two readings can be disregarded as they do not reflect the last four readings. The reason for this inaccuracy is due to the multiplication factor. A small variation in the dial read-out leads to a large viscosity change due to the large multiplication factor.
· Densitometer

Barometric Pressure: 70.09 cm. Hg

Temperature = 23˚C

Display Reading:
Air (T2) = 0.691600



Distilled Water (T1) = 0.763800



Oil #1 (Ts1) = 0.753389

Analysis/ Calculations:
Densities


Specific Gravity Hydrometer:


Temperature: 60˚F

Specific Gravity @ 60˚F = 0.8561

ρ of water @ 60˚F = 15.5˚C = 0.99913gm/cc

S.G. @ 60˚F = ρ of liquid / ρ of water



ρ of liquid = 0.8561 * 0.99913gm/cc

ρ of liquid = 0.855355193 gm/cc 
from specific gravity hydrometer

API Hydrometer:

Temperature: 60˚F


˚API @ 60˚F = 34.2




˚API = 141.5 / (S.G. @ 60˚F) – 131.5

34.2 = 141.5 / (S.G. @ 60˚F) – 131.5




S.G. @ 60˚F = 0.853952927




S.G. @ 60˚F = ρ of liquid / ρ of water



ρ of liquid = 0.853952927 * 0.99913gm/cc


ρ of liquid = 0.8532099879 gm/cc
from API hydrometer



Average of densities at 60˚F:




ρ average of liquid @ 60˚F = 0.5 * (0.855355193 + 0.8532099879) gm/cc




ρ average of liquid @ 60˚F = 0.8542825905 gm/cc

Densitometer:

Barometric Pressure: 70.09 cm. Hg

Temperature = 23˚C

Display Reading:
Air (T2) = 0.691600




Distilled Water (T1) = 0.763800




Oil #1 (Ts1) = 0.753389



Density of air


ρ2 = ρair = [0.001293 / (1 + 0.00367 * T)] * H / 76

ρ2 = ρair = [0.001293 / (1 + 0.00367 * 23)] * 70.09 / 76

ρ2 = ρair = 0.0010996323 gm/cc



Interpolation for density of water at 23˚C

ρ1 = ρ of water @ 20˚C = 0.99823gm/cc

ρ1 = ρ of water @ 25˚C = 0.99707gm/cc

ρ1 = ρ of water @ 23˚C =

ρ1 = ρ of water @ 23˚C = 0.997534gm/cc

Densitometer calibration constant

K = (ρ1 – ρ2) / (T1² - T2²)

K = (0.997534 – 0.0010996323) / (0.763800² - 0.691600²)

K = 9.482637092 gm / (cc * s²)
Density of sample

ρs = ρ1 + [(Ts² - T1²) * K]

ρs = 0.997534 + [(0.753389² - 0.763800²) * 9.482637092]

ρs = 0.8477514356 gm/cc

ρ of the oil at 23˚C = 0.8477514356 gm/cc

Volumetric coefficient of expansion


ρ of the oil at 23˚C = 0.8477514356 gm/cc

ρ average of liquid @ 60˚F = 15.5˚C = 0.8542825905 gm/cc



ρ = ρo – Ct (T - To)

0.847751435 = 0.8542825905 – Ct (23 – 15.5)

Ct = 8.704320667 E-4

Density of oil at the Saybolt temperature of 120˚F

ρ average of liquid @ 60˚F = 15.5˚C = 0.8542825905 gm/cc


ρ @ 120˚F = 48.88˚C = ?


ρ @ 120˚F = 0.8542825905 – 8.704320667 E-4 (48.88 – 15.5)


ρ @ 120˚F = 0.8252681883gm/cc


Density of oil at the Saybolt temperature of 120˚F is 0.8252681883gm/cc
Saybolt Viscosities

Room Temperature = 22.3˚C

θ = 202.38 SUS



Viscosity in centistokes

η = 0.22θ – 180 / θ
η = 0.22 * 202.38 – 180 / 202.38

η = 43.63418405 centistokes

Density of liquid at 22.3˚C

ρ average of liquid @ 60˚F = 15.5˚C  = 0.8542825905 gm/cc


ρ @ 22.3˚C = ?

ρ @ 22.3˚C = ρo – Ct (T - To)

ρ @ 22.3˚C = 0.8542825905 – 8.704320667 E-4 (22.3 – 15.5)

ρ @ 22.3˚C = 0.8483636524 gm/cc

Absolute Viscosity in centipoise



μ = η ρ



μ = 43.63418405 * 0.8483636524



μ = 37.01765571 centipoise

Temperature = 120˚F = 42.9˚C

θ = 89.53 SUS



Viscosity in centistokes

η = 0.22θ – 180 / θ
η = 0.22 * 89.53 – 180 / 89.53

η = 17.68610073 centistokes

Density of liquid at 42.9˚C

ρ average of liquid @ 60˚F = 15.5˚C  = 0.8542825905 gm/cc


ρ @ 42.9˚C = ?

ρ @ 42.9˚C = ρo – Ct (T - To)

ρ @ 42.9˚C = 0.8542825905 – 8.704320667 E-4 (42.9 – 15.5)

ρ @ 42.9˚C  = 0.8304327519 gm/cc

Absolute Viscosity in centipoise



μ = η ρ



μ = 17.68610073 * 0.8304327519



μ = 14.6871173 centipoise

Saybolt Viscosities from ASTM Chart on page 12
Viscosity of the oil sample at 100˚F = 108 SUS

Viscosity of the oil sample at 210˚F = 40 SUS


Viscosity Index for the refined oil:

θ@210˚F = 40 SUS



L for SUS @ 210˚F = 40 = 137.9 SUS

(L-H) for SUS @ 210˚F = 40 = 30.8 SUS



U = θ@100˚F = 108 SUS

V.I = (L-U) / (L-H) x 100

V.I = (137.9 – 108) / (30.8) x 100

V.I = 97.0779
Summary:
Absolute Viscosities Tabulated from each experiments
	Saybolt Viscometer
	Cannon-Fenske Viscometer
	Brookfield Viscometer

	22.3˚C
	42.9˚C
	23˚C
	23˚C

	37.01765571 cp
	14.6871173cp
	38.17736438cp
	40.95cp


Saybolt Viscometer: When releasing the stopper, some of the oil sample might have come in contact with the container wall and caused more oil to accumulate in the container. The oil may not have been filled to the brim before release. The timer and the stopper release might have been off synchronized. The Saybolt viscometer is an excellent way of measuring viscosity and varying temperature. It is however a big and heavy apparatus.
Cannon-Fenske Viscometer: The initial volume when the sample was filled into the apparatus might have exceeded the amount desired or less the desired volume. Especially when the apparatus was wiped with a Kleenex, it might have removed some oil sample and produced a hydrostatic pressure less than the desired. Another possible source of error is the fact that the apparatus may not have been aligned properly and may be leaning to one side. This may increase the time it takes for the fluid to flow. The Cannon-Fenske Viscometer is a simple and portable way of measuring viscosity, however, since it comes in various sizes; a few experiments have to be conducted before determining the best size to be used. This apparatus offers no control over temperature and it has to be held steady until it reaches the last point. With the Cannon-Fenske Viscometer, one can derive two viscosity readings and take the average in one experiment.

Brookfield Viscometer: Although this is the latest and most technologically advance of the three tests, it has its drawbacks. There might be windage at high RPM; this may cause an inaccurate reading. At low RPM, the viscosity obtained has large errors due to the high multiplication factor. With a low RPM, the spindle is barely rotation and the signal may be inaccurate. The torque may be insufficient and maybe slipping. Therefore at low RPM, those data are usually ignored. This apparatus also offers no control over temperature of the fluid. Any vibrations near the experiment can skew the results significantly.
Conclusion:


Each of the three different ways to measure viscosity has its own benefits and problems. Depending on the location of the experiment taking place and whether the fluid is susceptible to the shear rate offered by some of the tests. 


It is obvious the affects of temperature on viscosity. As the temperature increases, the viscosity decreases making the fluid flow easier.
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