
 
Questions to practice properties of fluids calculations and table reading – Week 4 

From Chapter 1.5 to 1.7 

1. If the steam at 9 bar is further reduced to 1 bar by an isentropic process, what is the dryness fraction of 

the steam produced at the end of the process, and what is the temperature? 

2. Use the spreadsheet produced in the consolidation session to a plot of temperature vs. specific entropy 

plot for saturated water and saturated steam with constant pressure lines for 10 bar and 160 bar.  This 

should show the saturation line across the chart and the superheat behaviour for specific entropy. 

3. Calculate the kinematic viscosity of water liquid and vapour at 75C.  What do you notice about the 

comparison of vapour and liquid when expressed in this way as opposed to dynamic viscosity?  Hint: you 

need density via specific volume. 

4. Interpolate the conductivity of dry air tables to find the conductivity at 88C.  Compare this with the 

conductivity of saturated steam at 88C. 

5. The atmospheric pressure at 4000 m elevation above sea level is found on p.24 of the tables.  What is the 

saturation temperature at this height?  You may need to interpolate on p.3 of the tables. 

From Chapter 2.1 to 2.3a 

1. A mountaineer boils water on a 4,000m mountain top?  
What is the atmospheric temperature there?  What 
temperature would a cup of tea be there? 

2. What pressure is required in a freezer compartment 
evaporator coil using refrigerant R134a if the temperature 

is to be maintained at  -20C? 

3. What are the enthalpy and entropy when the R134a is all 
liquid and then when it is all vapour?  What does the 
change in entropy between the two states tell you? 

4. Assuming a mass flow rate of R134a of 20g/s, and 
making use of the SFEE, what heat transfer rate occurs in the evaporator if the refrigerant leaves at 
saturated gas condition (i.e. just all vapour, with no superheat) and enters at saturated liquid condition 
(i.e. just all liquid and no sub-cooling)? 
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Answers to properties questions Week 4 

From chapter 1.5 to 1.7 

 

1. starting from the entropy of Q16, which is the same as Q14 (isentropic) and doing a further isentropic 

expansion to 1 bar, find the entropy point is below the saturation entropy (confirm p.6 left hand column 

shows sg sat is 7.359 kJ/kgK) therefore go to p.4 and 1 bar condition and use the dryness fraction idea (x 

proportion of vapour and (1-x) proportion of liquid: 𝑠 = 𝑥𝑠𝑔 + (1 − 𝑥)𝑠𝑓 → 6.797 = 𝑥7.359 +

(1 − 𝑥)1.303 and therefore x = 0.907, and the temperature is 99.6 C (i.e. saturation temperature from 

column 2) 

2. use the entropyW(T,p) function is the quickest way to do this, with T in K and p in bar produces the 

following chart: 

 
3. On page 10 of the tables, or using the Excel spreadsheet, the dynamic viscosity is given at 75C: f = 

37410-6 kgm-1s-1 and g = 11.110-6 kgm-1s-1.  But the kinematic viscosity is , with units m2s-1, 

indicating an area growth of the diffusion front of the fluid as time passes (imagine a sphere of the fluid 

spreading out and the perimeter gets bigger), and a small calculation is required.  v where v is specific 

volume [m3kg-1] produces units m2s-1.  Therefore on p.10 for liquid, vf = 0.102610-2 m3kg-1, and from p.2  

for steam vg = 4.133 m3kg-1. 

Therefore f = 37410-6  0.102610-2 = 3.810-7 m2s-1, and 

g = 11.110-6  4.133 = 4.58810-5 m2s-1. 

4. Dry air data is found on p.16 of the Rogers and Mayhew tables.  Thermal conductivty at 88C  is 361 K.  

We have on the tables 350 K and 375 K, the values of k there are 3.00310-5 kWm-1K-1, and 3.18610-5 

kWm-1K-1.  Therefore interpolate: 
𝑘 − 𝑘1

𝑘2 − 𝑘1
=

𝑇 − 𝑇1

𝑇2 − 𝑇1
 

𝑘 − 3.003

3.186 − 3.003
=
361 − 350

375 − 350
 

which produces k = 3.08410-5 kWm-1K-1, or 0.03084 Wm-1K-1. 

5. the trick here is that the pressure at the height above sea level is given, it is 0.6166 bar; therefore the 

effect on boiling point will be seen on page 2 and 3 again, and it is seen to be between 86 and 88C – 

could interpolate but this will do. 
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From chapter 2.1 to 2.3a 

1. For the atmospheric temperature, you need the ‘International Standard Atmosphere’ table on p.24 of 
the tables.  Looking at 4,000 m for z, the height above sea level, the corresponding temperature is 262.2K 

or -10.8C.   

 

Note the atmospheric pressure at this height is also indicated, as p in bar, as 0.6166 bar, or 61,666 Pa.  

This pressure determines the temperature that water boils at on the mountain top.  When the 

temperature of the water has a saturation pressure corresponding to this, then the water will boil.  So 

looking at the saturated Water and Steam table on p.3, we see that for 0.6166 bar, the saturation 

temperature, TS is about 86C – you could interpolate for a more accurate temperature if you wish. 

2. The idea of the evaporator coil here is to maintain a boiling refrigerant inside the coil at the temperature 
required in the freezer compartment.  Boiling occurs when the pressure of the refrigerant is the 
saturation pressure, at which boiling occurs at the saturation temperature.  This information is presented 
in the tables on p.15 to be 1.3272 bar.  Alternatively looking at the p-h diagram for R134a, the 

temperature line corresponding to -20C passes through the vapour-liquid mixture region (under the 
domed curve) when the pressure is between 1.3 and 1.4 bar. 

 

3. From the tables on p.15, the enthalpy of saturated liquid (i.e. when the entire sample of R134a is just 
liquid at the saturation temperature) is indicated by hf [kJ/kg] and enthalpy of saturated vapour (when 

the sample is all just vapour at the saturation temperature) is hg [kJ/kg].  At -20C, from the tables hf = 
173.67 kJ/kg and hg = 386.44 kJ/kg.  Notice that if we used the p-h diagram instead, then hf = 75 kJ/kg and 
hg = 285 kJ/kg – the reason for the difference is the arbitrary selection of the zero for h, as stated at the 



 

bottom of the table.  The difference in both cases can be easily verified to be the same, i.e. 386-174=212 
kJ/kg and 285-75=210 kJ/kg.  The change in entropy between the two states is, from the tables, sf = 
0.9003 kJ/kgK and sg = 1.7408 kJ/kgK i.e. and increase of entropy from liquid to vapour of 0.84 kJ/kgK – 
there is more disorder in the vapour state. 

 

 

4. The enthalpy change was as in question 3, 210 kJ/kg; given the mass flow rate there are 20 g per second 

flowing through the evaporator, and the enthalpy change rate in the evaporator is 0.02210 = 4.2 kW. 


