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QUESTION 1

1.1 The following measurements were taken at a counter-flow cooling coil;                (25)
Air circuit: 




Water circuit:
Inlet ventilation flow rate: 8.2m3/s 

Water flow rate: 6.0l/s

Inlet air temperature: 29.0/30.1°C 

Water inlet temperature: 13.5OC

Discharge temperature: 23.1/23.1°C 
Water outlet temperature: 22.5°C

Barometric pressure: 102.5kPa

Assume that air pressure loss across this coil is negligible. The following

psychrometric values (tabulated below) for the air on both sides of the coil

were obtained from the psychrometric chart:

	Coil intake
	Coil discharge

	Sigma heat 90.9kJ/kg
	Sigma heat 66.6kJ/kg

	Apparent specific humidity 24.9g/kg
	Apparent specific humidity 17.7g/kg

	Apparent specific volume 0.883m3/kg
	Apparent volume 0.853m3/kg


Determine:

1.1.1 The true density of the air entering the coil.





(2)
w = (1 + r) / v 










(1)

where;

w = true density (kg/m3)

r = apparent specific humidity (kg/kg)

v = apparent specific volume (m3/kg)

w = (1 + 0.0249) / 0.883

w = 1.16 kg/m3 









 (1)

1.1.2
The duty of the coil (from both air and water circuits). By means of a heat balance,

determine the accuracy of this duty, comment on your findings..                        (5)
Air circuit:

q = Ma x dSa










 (1)

where;

q = duty of coil (kW)

Ma = mass flow of air through coil (kg/s)

dSa = difference in sigma energies across coil (kJ/kg)

Ma = quantity x true density

Ma = 8.2m3/s x 1.16kg/m3 = 9.51kg/s

q = 9.51kg/s x (90.9kJ/kg -66.6kJ/kg)

q = 231 kJ/s or 231 kW








 (1)

Water circuit:

q = Mw x Cpw x dtw









 (1)

where;

q = duty of coil (kW)

Mw = mass flow of water through coil (kg/s)

Cpw = thermal capacity of water (kJ/kgOC)

dtw = water temperature difference across coil (OC)

q = 6.0 kg/s x 4.187 kJ/kgOC x (22.5-13.5)OC

q = 226 kJ/s or 226 kW








 (1)

Heat balance:

(231-226)/231 x 100 = 2%

There is only a 2% error between the duty measured on the air circuit and that of the

water circuit, this error is negligible and all measurements can be accepted as accurate. 
(1)

1.1.3 Determine the overall heat transfer co-efficient (UA value) of this coil.                 (2)
Given that; q = UA x LMTD where;

q = duty of coil (kW)

UA = heat transfer co-efficient (kW/OC)
LMTD = log mean temperature difference

if q = UA x LMTD

then UA = q / LMTD

where;

LMTD = (tawbo-twi) - (tawbi-two) / loge (tawbo-twi) / (tawbi-two) 





(1)

tawbo = coil air discharge wetbulb temperature = 23.1OC

tawbi = coil air intake wetbulb temperature = 29.0OC

twi = coil water inlet temperature = 13.5OC

two = coil water outlet temperature = 22.5OC

LMTD = (dT1 – dT2) / loge (dT1 / dT2) OC

where;

dT1 = (23.1OC - 13.5OC) = 9.6OC

dT2 = (29.0OC - 22.5OC) = 6.5OC

LMTD = (3.1 / loge 1.477) OC

            LMTD = 7.95 OC


















 


(1)

UA = q / LMTD

Although heat balance indicated only a 2% error, assume duty measured on the water

circuit to be the most accurate.

UA = q / LMTD

where;

UA = heat transfer co-efficient (kW/OC)

q = duty of coil (kW) – measured on water circuit

LMTD = Log Mean Temperature Difference (OC)

UA = 226 kW / 7.95 OC

            UA = 28.43 kW / OC





















 (1)

1.2   500l/s of chilled service water at 1.2OC flows from a surface storage reservoir

into two 353mm shaft feed columns. The first feed column (no.1 feed column)

discharges into a dam situated 2100m below surface. The water flowing through

the second feed column (no.2 feed column) drives an electrical turbine before

being discharged into the same dam. The turbine has an efficiency of 79.3%. Both shaft feed columns (no.1 feed and no.2 feed) are new columns (for a flow rate of 250l/s each, the head lost due to friction (hf) is 1.7m / 100m). 

Ignoring thermal losses across the insulation of feed columns 1 and 2, determine:

1.2.1 
The temperature of the water discharged from feed column no.1 into the dam.    (7)
Calculate potential energy converted into heat energy (q) = Mw x g x H/1000 

(1)

where;

q = potential energy converted to heat (kW)

Mw = mass flow of water (l/s)

g = gravitational acceleration (m/s2)

h = elevation difference (m)

q = Mw x g x H/1000

q = 250kg/s x 9.79 m/s2 x 2100/1000 m

q = 250kg/s x 9.79 m/s2 x 2100/1000 m

Energy converted to heat (q) = 5140 kW 





(1)

Calculate temperature gain in feed column no.1

If (q) = Mw x Cpw x dt 








(1)

then; dt = q / Mw x Cpw 








(1)

where;

q = energy converted to heat (kW)

Mw = mass flow of water (kg/s)

Cpw = thermal capacity of water (kJ/gk.OC)

dt = difference in temperature between pipe inlet and pipe discharge

dt = 5140kW / 250kg/s x 4.187kJ/kgOC 





(1)

Therefore, temperature gain in feed column no.1; dt = 4.9 OC



 (1)

Temperature of water discharging from feed column no.1 = (1.2+4.9) OC

t disch (feed col 1) = 6.1 OC 








(1)

1.2.2 
Determine the temperature of the water discharged from feed column no.2.      (7)
(Assume that both shaft feed columns are new and head loss due to friction

hf = 1.7m / 100m).

Energy recovered by turbine (q) = (Mw x g x H/1000) x (teff / 100) 


(1)

where;

q = energy recovered by turbine (kW)

Mw = mass flow of water (kg/s)

g = gravitational acceleration (m/s2)

H = effective head on turbine (m) = h-hf

H = 2100-(2100/100 x 1.7)m

H = 2064.3 m

Energy recovered by turbine (q):

q = [(250 l/s x 9.79 m/s2 x 2064.3m) / 1000] x (79.3 / 100) kW 



(1)

q = (5052 x 0.793) kW

q = 4006 kW 









(1)

Energy converted to heat (q) = (5140-4006) kW = 1134 kW



 (1)

Temperature gain in feed column no.2

If q = Mw x Cpw x dt, then dt= q / (Mw x Cpw)





 (1)

dt = 1134 / (250 x 4.187) OC

dt = 1.1 OC 






















(1)

Temperature of water discharging from feed column no.2 = (1.2+1.1) OC

t disch (feed col 2) = 2.3 OC 








(1)

1.2.3 Assuming that the water discharged from both feed columns mixes evenly once in the dam, calculate the temperature of the water within the dam once mixed fully.  

  (2)
t mix = [(250l/s x 6.1 OC) + (250l/s x 2.3 OC)] / 500l/s 





(1)

t mix = [(1525) + (575)] / 500l/s

t mix = [(2100)] / 500l/s










t mix = 4.2 OC 










(1)

(25 marks)

QUESTION 2
2.1
The following measurements were taken at an underground refrigeration plant.











(25)


EVAPORATOR:




CONDENSER:



Water Flow rate:

85 l/s


Water Flow rate:

128 l/s



Water inlet temperature:
14.4 ºC

Water inlet temperature:
31.3 ºC



Water outlet temperature:
3.5 ºC


Water outlet temperature:
40.9 ºC



Evaporating temperature:
0.9 ºC


Condensing temperature:
44.9 ºC



Evaporating pressure:
186.5kPa(Abs)
Condensing pressure:
1046.6kPa(Abs)



COMPRESSOR:








Motor current:

117.9 A



Voltage:


6.6kV



Power factor:


0.82



No. of phases:

3



Motor efficiency:

97%



Cooling at coils:

2867kW



The type of refrigerant used in the plant is R134a. The barometric pressure inside the plantroom was 112.5kPa. Below is a short extract 



from the tabulated properties of saturated refrigerant R134a. 


Assume that all gauge pressures are correct. 
	Temperature (ºC)
	Absolute pressure (kPa)

	0
	293

	2
	315

	4
	338

	6
	363

	8
	388

	10
	416

	40
	1017

	42
	1075

	44
	1133

	46
	1191

	48
	1256

	50
	1321


2.1.1Determine the plant duty.
q = m X Cpw X dT

where;
q = plant duty (kW)

Cpw = thermal capacity of water kJ/kgºC

dT = temperature change across evaporator (ºC)

q = 85 X 4.187 X (14.4 – 3.5)

q = 3879kW 


















(2)
2.1.2Conduct a heat balance of this plant and comment on your findings.
Condenser duty:

q = m X Cpw X dT

where;
q = plant duty (kW)

Cpw = thermal capacity of water kJ/kgºC

dT = temperature change across evaporator (ºC)

q = 128 X 4.187 X (40.9 – 31.3)
q = 5145kW 


















(2)
Compressor input power:

q = kV X I X pf X [image: image3.png]



where;
q = motor input power (kW)

kV = motor voltage (kV)
I = motor current (A)
pf = power factor

q = 6.6 X 117.9 X 0.82 X [image: image5.png]



q = 1105kW 


















(2)

compressor input power

q = qm X efficiency

q = 1105 X 0.97

q = 1072kW

Heat balance:

Condensor duty = compressor input power + evaporator duty

5145kW = (1072 + 3879)kW

5145kW = 4951kW 

















(2)

Difference = 3.8%, the difference is less than 5% therefore the accuracy of the measurements is deemed acceptable 















(2)
2.1.3 Determine the Carnot COP of this plant, (note, it is suspected that the measured 

evaporating and condensing temperatures are incorrect).
Given that gauge pressures are correct and that evaporating and condensing temperatures may be incorrect.
Absolute pressure in evaporator = 112.5kPa + 186.5kPa = 299kPa

From interpolation of figures in table; evaporating temperature = 0.55ºC 











(1)

Absolute pressure in condenser = 112.5kPa + 1046.6kPa = 1159.1kPa

From interpolation of figures in table; evaporating temperature = 44.9ºC 











(1)

Comparing these figures to the refrigerant temperatures measured , it can be seen that the evaporating temperature measured was incorrect.

the Carnot COP must be determined using the figures obtained through interpolation;

Carnot COP = T1 / T2 – T1
where;

T1 = evaporating temperature = 273.15 + 0.55 = 273.7K 



(1)

T2 = condensing temperature = 273.15 + 44.9 = 318.1K



(1)

Carnot COP = 273.7 / 318.1 – 273.7

Carnot COP = 6.2  


















(2)
2.1.4 Determine the actual COP of this plant.
Actual COP = cooling at evaporator / compressor input power

Actual COP = 3879kW / 1072kW
Actual COP = 3.6 


















(2)
2.1.5 Determine the cycle efficiency of this plant.
Cycle efficiency = (actual COP / Carnot COP) x100

Cycle efficiency = (3.6 / 6.2) x100
Cycle efficiency = 58%


















(2)
2.1.6 Explain the relevance of the Carnot COP.
The Carnot COP indicates the ideal rate of performance. The Carnot COP can never be exceeded. 



















(1)

2.1.7 Determine the positional efficiency of this plant.

Efficiency = duty at coils / duty at plant x 100

Efficiency = 2867kW / 3879kW x 100




Efficiency = 74%



















(1)
2.2
Briefly list six properties of the ideal refrigerant.


















(3)
· The relationship between its temperature and pressure properties should be such that when at the upper and lower ranges of its temperature range, its pressures should be within the range of normal engineering practices.

· It should be abundant and inexpensive.

· Should not negatively affect lubricants used in the compressor.

· Should be environmentally friendly (not damaging to ozone layer).             
· Should be non toxic.
· Should be non-flammable and non explosive.

· Leaks should be easily detected.
· Should have a high latent heat of vaporisation.



(3)
Q2 – 25 marks

QUESTION 3
3.1 Give typical conductivity values (W/mOC) for the following materials:
     
(10)

3.1.1 Copper 380 W/mOC





(1)
3.1.2 Steel 45 W/mOC 





(1)
3.1.3 PVC  0.14 W/mOC





(1)
3.1.4 Still water  0.62 W/mOC




(1)
3.1.5 Plastic foam insulation 0.034 W/mOC



(1)
3.1.6 Still air has a k-value of 0.028 W/mOC, refer to your answer to 3.1.5 (above), 
how does this k-value for still air compare to the k-value for plastic foam pipe 

insulation? Plastic foam insulation has a k-value of 0.034 W/mOC, this value is larger 

than that for still air. This infers that still air is a better insulator than the plastic foam insulation                             




(3)                                                                                  
3.1.7 Considering your answer in 3.1.6 (above), briefly describe how thermal insulation 
materials work. Thermal insulation materials are designed to keep a layer of still air (or another suitable gas), in the form of large numbers of tiny air (or other inert gas) bubbles “trapped” around the vessel requiring insulation.
(2)
3.2 An underground load-haul-dump (LHD) vehicle consumes 0.3 litres of diesel fuel per  
(5)

rated kW per hour. 


The calorific heat content of the fuel is 38MJ/l.

3.2.1 Determine the average heat output of this vehicle (kW/per rated kW).
q = Fuel consumption rate (L/kW/hour) x Calorific value) / hour

q = (0.3 x 38 x 1000) / 3600

Heat production rate (per rated kW) per hour (q) = 3.1667kW      (2)
3.2.2 How would the heat output of a similarly sized electric LHD compare to the unit above (question 1.1.1.).

Assume a typical overall efficiency of 95% for the electric LHD, so it would have a 


heat output of [1 x 100/95] kW = 1.05 kW (per rated kW) at full power. Therefore it 

could be seen that when both LHD’s operate under full power, the electric LHD would 

release 3 times less heat than that of the diesel driven LHD.                             (3)
3.3 Briefly discuss the advantages and disadvantages of situating a large refrigeration      10)

               plant on surface.
	ADVANTAGES
	DISADVANTAGES

	Is not limited in capacity by the amount of air available for condenser heat rejection.
	Usually poor positional efficiency

	Condenser can reject heat at a lower temperature so COP’s are higher.
	High pumping costs  (drive up overall operating cost

	Access for supervision is easier
	Large amounts of costly high pressure insulated piping required

	Cheaper refrigerants can be used
	Unavoidable (unless energy recovery systems utilised) increase in temperature due to conversion of potential energy to heat energy (Joules-Thompson effect) 

	Capital costs usually lower as no costly large excavations are required
	

	Lower direct running costs
	

	Opportunity are available for pre cooling prior to water entering evaporator circuit
	


Question 4
4.1 
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The sketch above shows a section of a mine. Determine the enthalpy of the air leaving the stope at B due to change of elevation only.






(5)
 SHAPE  \* MERGEFORMAT 



Sin 450 
= a = a

    
   c 700

a 
= 700 sin 30

= 700 x.7071

= 495m

H 
= 9.79 x 495/1000

= 4.85 kJ/kg

From Psychrometric chart – H air
= 89.7 kJ/kg

entering the stope

H leaving the stope = 89.7 – 4.85

= 84.85 kJ/kg

4.2

[image: image8.png]© & s Paper2 Bxam May 2014 [Compatibility Mode] - Word TABLETOOLS.
EERl rove | NSERT  DESGN  PAGELAVOUT  REFERENCES  MALNGS  REVEW  VEW  DESGN  LAYOUT Eugene Botha -
o e 2 K A A e s fna -
D & cop ! B B ‘ cassceDe AQBDC ASBECED | AMBICEDS AsBOCED AQBDC AsBbedc 4esbCede | ol
Paste o - 3 W - - - mphasis leading lormal rong ubtitle itle lo Spac... Subtle Em. el
€ & Format Painter B I U -akex X ¥ - A D - Emphasis  Headingl | TN | Strong Subtitle Title T No Sp: Subtle Er ¥ Select~
aipbora Font 5 5 stes 5 ating
2w soe7oasomomonomowom o6 m o

Plesse Tum Over

E

£

22

Buk Ar Codler ¢ ongiions

Q=397m%s !
30501.0¢
\_X—
B 100Pa

The above sketch shows various measurements made in a section of a
mine. Determine:

) The duty of the bulk cooling installation





The above sketch shows various measurements made in a section of a mine. Determine:

a) The duty of the bulk cooling installation



(10)
b) The amount of water condensed in the bulk cooling installation   (3)
c) The heat sources in the stope





(4)
d) The amount of water evaporated into the air in the stope

(3)
NOTE: Air conditions at outlet from the bulk air cooler are:



BP: 100kPa; wb/db: 25.0/25.0oC

a) From the 100 kPa psychrometric chart, at 30.5/31.00C

S = 99.5 kJ/kg

v = 0.913m3/kg

r = 28.4g/kg

Mass flow of dry air M
= Q/v

   
= 39.7m3/s

= 0.913kg/m3
= 43.48 kg/s

From the 100 kPa psychrometric chart, at 25.0/25.00C

S = 74.7 kJ/kg

r = 20.4g/kg

Change in sigma heat content

∆S = (99.5 -74.4)kJ/kg

      = 24.8 kJ/kg

Heat transferred, q

q = M x∆S

   = 43.48 x 24.8

   = 1078.38kW
b) Amount of water condensed from the air in the bulk cooling installation

∆r = 28.4 – 20.4

    = 8 g/kg
R = M x ∆r

    = 43.48 x 8

    = 347.8 g/s

       347.8/1000

               = .3478 l/s of water
c) 
S = 74.7 kJ/kg

M = 43.48 kg/s

From the 97.5 kPa psychrometric chart, sigma heat content at the outlet of the stope, S = 109.3 kJ/kg

        q = M x ∆S

= 43.48 x (109.3 – 74.7)

= 1504.4kW

Due to the air that has up-casted through the stope, it has undergone cooling due to auto-decompression.

q = 0.979 x 200/100 x 43.48

   = 85.13 kW

Heat sources in the stope = 1504.4 + 85.13

          = 1589.54 kW

d) From the 97.5 kPa Chart r at outlet of stope is 31.7 g/kg

R = M x ∆r

    = 43.48 x (31.7 – 20.4)

    = 517.5 g/s or 0.517 l/s
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