CE 319F, Elementary Fluid Mechanics
Fluid Properties Laboratory

Name
 Date
 Lab time

1) Determine the density of air in the lab.  Do the calculations first in SI units and then repeat them using English units.  

Procedure:

a) Use the mercury barometer in the lab to measure the barometric pressure.  

barometric pressure = ______________________________________________________ in. Hg

b) Use the thermometer on the barometer to determine the temperature.  

temperature = 
 oC = 
 oF

c) Use the ______________________ law to calculate the air density.

The barometer gives the “pressure” in length [L] dimensions, while the dimensions of pressure are actually [F/L2].  In Chap 3 we will see that pressure (p) changes with elevation (z) in a fluid under hydrostatic conditions according to 
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.  The minus sign indicates that the pressure increases as elevation decreases and vice versa.  When  is constant, the previous equation can be integrated to give 
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.  This result can be expressed as 
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, or 
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.  Thus, the length of the column of mercury in the barometer is really the difference in pressures at the top and bottom of the column divided by the specific weight of mercury.  The pressure at the top of the mercury is the saturated vapor pressure of mercury, which is very close to absolute zero pressure, while the pressure at the bottom is atmospheric pressure.  Thus, 
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.  The specific gravity of mercury is 13.55.  Take the specific weight () of water at 4oC (39.2oF) as 9810 N/m3 or 62.4 lb/ft3.  


SI units
English units

Hg = 



patm = 



Note that patm is not equal to standard atmospheric pressure.  Now calculate air.  Recall that 
pa = RTa, where the sub-a indicates absolute.  For air, R = 287 J/(kg K) = 1716 ft lb/(slug oR).
SI units
English units




2) What percentage of the atmospheric pressure is the saturated vapor pressure at the top of the mercury in the barometer?  Notice that the answer is very small.  This result gives the justification for assuming that the pressure at the top of the mercury in a barometer is essentially absolute zero.  Use SI units.  

Procedure:

a) Use the lab handout to determine the saturated vapor pressure for mercury.  

pvs = ___________________________________ kPa.

b) Take the ratio of pvs to patm and multiple by 100%.

3) Use the temperature from the barometer to determine the required reading on the vacuum gage for the water to “boil” due to having the pressure lowered.  Give the answer in inches of mercury as on the vacuum gage.  

Reading on vacuum gage = 
 in. Hg

Chapter 3 of the textbook has information on the two common datums that are used for measuring pressures.  One is absolute zero pressure.  When this data is used, the pressures are called absolute pressures (pabs).  The other datum is the local atmospheric pressure (patm).  With this datum, pressures are called gauge (or gage) pressures (pgage).  The relation between the two types of pressures is 
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.  Using “vacuum” to describe a pressure is the same as putting a minus sign in front of the pressure value to indicate that the pressure is below the local atmospheric pressure (i.e., 5 psi vacuum is the same as -5 psi).  

Procedure:

a) Use the lab handout to determine the saturated vapor pressure for water.  This value is an absolute pressure.

water temperature = _______________________________________

pvs = ___________________________________________________ (Remember the units.)

b) Convert this value and patm from part 1 to inches of mercury.  Information on the relationship between pressure units and length units for pressure is given in part 1.  

pvs = ___________________________________________________________________ in. Hg

patm = __________________________________________________________________ in. Hg

c) Take the difference in the two values in step b.

pvs - patm = ______________________________________________________________ in. Hg

d) Compare the vacuum gage reading with the calculated value of the required pressure.  

4) Use the capillary rise in the capillary tube to calculate the inside diameter of the tube.  Give the answer in mm.  

Procedure:

a) When the capillary rise in the tube is demonstrated, visually estimate the magnitude of the capillary rise (h).  Develop a group consensus on this value.  If you make your estimate in English units, convert the rise to SI units.  

h = __________________________________________________________________ 

b) From the rise, calculate the tube diameter (d) using h = 4 cos()/(d).  For water and glass or plastic,  = 0 and  = 0.0730 N/m.  For room temperature  ( 9785 N/m3.  

5) From the hydrometer reading in the graduated cylinder containing saline water, calculate the concentration of salt in the water.  Give the answer in mg/L.  Assume that the water is at the same temperature as in part 1.  

As a first approximation, the change in density of water due to the presence of dissolved constituent in small concentrations can be obtained from  =  + cc where  = density, c = volume concentration (i.e., mass per unit volume) using the same units as for , o = density at zero concentration, and c = a dimensionless coefficient.  c is different for different dissolved substances and also varies somewhat with temperature.  For NaCl, c = 0.82 for 20oC.  For the room temperature in the lab, c will be a little bit smaller, but information on the temperature variation is not readily available.  Thus, use 0.82.  

Procedure:

a) From the hydrometer reading, calculate  in kg/m3 using  = SH2O4oC, where S = specific gravity from the hydrometer and H2O4oC = 1000 kg/m3.

S = __________________________________________________________________ 

 = __________________________________________________________________ 

b) Determine  from the table below 

o = __________________________________________________________________ 

c) From  =  + cc calculate the concentration of salt in kg/m3.
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d) Convert from kg/m3 to mg/L.

c = ___________________________________________________________________ mg/L

T

T

T


°C
kg/m3
°C
kg/m3
°C
kg/m3

20
998.205
24
997.296
28
996.232

21
997.992
25
997.044
29
995.944

22
997.770
26
996.783
30
995.646

23
997.538
27
996.512
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