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Answer the following questions: (60 marks)

Question No. 1 (12 marks):

a) Define the following terms:

- The controller - corrective action - time lag - control agent- droop- cycling and the throttling
range with a diagram showing the relation between the controlled variable with valve position
in both cooling and heating processes. (7 marks)

b) Discuss the different types of control loops that are normally used ill Ref. & AC applications.
Sketch an air conditioning system using a closed loop showing its main components and the
function of each component. (5 marks)

Question No. 2 (12 marks):

a) Discuss the various moisture sensing elements that sense the relative humidity of air. Sketch
the Nylon humidity sensor and how to avoid error in sensor reading due to wide temperature
variations (4 marks)

b) What is actuator? Mention its main types according to energy source and discuss with simple
sketch how the pneumatic one is controlling a valve? (3marks)

c) Mention the different types of control systems with respect to the energy source. Discuss with
simple sketches the theory of operation of bridge circuit in case of increasing air temperature
(increasing load ill cooling applications). (5 marks)

Question No. 3 (12 marks):

a) Mention the different modes of control. Discuss the proportional control modes, describe
them mathematically and illustrate the variation of control point for each against time and how
PI control respond to load changes. (4 marks)

b)A straight-charged Thermostatic Expansion Valve (TEV) is designed to operate at an
evaporator temperature of _4°C with a degree of superheat of 8 K. R134a is the refrigerant
used in the refrigeration system as well as the bulb. Find

- The required spring pressure at the design condition;

- Assuming the spring pressure to remain constant, find the degree of superheat, if the same
TEV operates at an evaporator temperature of -24°C. Comment on results. (4 marks)

c) Classify the temperature sensors for electronic temperature controllers. Sketch each type s:
theory of operation and their advantages and disadvantages. (4 marks)

Question No. 4 (12 marks):

a) Name some of expansion devices that al-e used in refrigeration and air conditioning systems.
Explain how the capillary tube works and represent the variation of refrigerant mass rate
through compressor and capillary tube with evaporator temperature on a figure (balance
point). (5 marks)

b) Refrigeration system has the following data:

Evaporator capacity: 82 uw, Used refrigerant R-22
Evaporaring temperature: -20°C, Condensing temperature:

Snb-coolingrl S'C
46°C,

P.T.O



Pressure drop ill liquid line (filter drier, sight glass, manual shut-off valve, pipe bends and
solenoid valve): 0.5 bars and the evaporator is placed in the same level as the receiver. Pressure
drop in liquid distributor and its pipes: 0.4 bar. Pressure drop in the evaporating coil and
suction line: 0.4 bars.

Select from the provided catalogue the proper TEV with MOP, rated capacity and code number
of its thermostatic element and its orifice assembly. Check if the given amount of sub-cooling is
enough to avoid flash gas in liquid line before entering to that expansion valve, (7 marks)

Question No. 5 (14 marks):

a) Explain the function of each of the following:

Evaporating pressure regulator - capacity regulator - condensing pressure regulator - NRV-
sight glass - filter & dryer, and solenoid valves on liquid line. Draw a diagram for the plant
fed with all of the aforementioned items and their location. (5 marks)

b)
1. Which of the following statements are true?

a. The refrigerant mass flow rate through a capillary tube increases as condenser pressure
decreases and evaporator pressure increases
b. The refrigerant mass flow rate through a capillary tube increases as condenser pressure
increases and evaporator pressure decreases
c. A capillary tube tends to supply more mass flow rate as refrigeration load increases
d. A capillary tube tends to supply more mass flow rate as refrigeration load decreases

2. Which of the following statements are true?

a, An automatic expansion valve maintains a constant pressure in the condenser
b. An automatic expansion valve maintains a constant pressure in the evaporator
c. In an automatic expansion valve, the mass flow rate of refrigerant increases as the
refrigeration load increases
d. Automatic expansion valve based systems are critically charged

3. A thermostatic expansion valve:

a. Maintains constant evaporator temperature
b. Maintains a constant degree of superheat
c. Increases the mass flow rate of refrigerant as the refrigeration load increases
d. Prevents slugging of compressor

4. Which of the following statements are true?

a. A float valve maintains a constant level of liquid in the float chamber
b. A float valve maintains a constant pressure in the float chamber
c. Low-side float valves are used with direct expansion type evaporators
d. High-side float valves are used in flooded type evaporators

5. Which of the following statements are true?

. a, An electronic expansion valve is bi-directional.
b. In an electronic expansion valve, the I'efl'igcrant mass flow rate increases as the amount of
liquid at evaporator exit increases.
c. In an electronic expansion valve, the refrigerant mass flow rate increases as the temperature
of refrigerant at evaporator exit increases.
d. Electronic expansion valves are used in all-year air conditioning systems. (7 marks)

Good Luck

Proj; E. Elsluifei
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Capacity in KW for Range B -SOT lo-2SoC R22
I Valve type Orifice I Pressure drop across valve np bar Pressure drop across valve ap bar I
I no. I I I 6 I 8 I 101 12 I I I I 6 I I 10 I 12 I 14 I

I
2 4 14 16 2 4 8 16 I

Evaporating temperature -25'C Evaporating temperature -30·C
TEX5-3 01 8.1 10.2 11.6 12.5 13.3 13.8 14.2 14.4 7.2 9.0 10.2 11.1 11.7 112.2 12.5 12.7
TEX 5-4.5 02 11.3 . 14.2 16.1 17.4 18.5 19.2 19.7 20.0 10.1 12,6 14.3 15,4 16,4 I 17.0 17.5 17.8
TEX5-7.5 03 16.4 20.7 23.5 25.6 27.3 28.6 29.5 30.0 14.6 18.3 20.8 227 24.2 I 25.4 26.2 25.8
TEX 5-12 04 23.5 29.6 33.6 36.6 39.0 40.8 42.1 42.8 20.9 26,3 29.8 32.5 34,6 I 36.3 37.5 38.2

TEX 12-4.5 01 11.3 14.5 16.4 17.8 18.8 19.6 20.0 20.3 10.2 13.1 14.8 16.0 169 17.6 18.0 1B.3
TEX12-7.5 02 18.5 23.6 26.8 29.0 30.7 31.9 32.7 33.2 16.8 21.4 24.2 26.2 27.7 28.8 29.5 29.9
TEX 12·12 03 26.8 34.2 38.9 42.3 45.0 46.9 48.3 49.1 24.3 30.9 35.1 38.1 40.5 42.4 43.7 44.5
TEX 12-18 04 35.4 45.3 51.7 56.6 60A 63.4 65,6 67.0 32.0 40.8 46.6 51.0 54,6 57,4 59.6 61.0

TEX20·20 01 46.0 58.0 66.0 no 76,0 80.0 82.0 83.0 41.0 52.0 59.0 65.0 69.0 no 74.0 76.0

TEX55-35 01 100 127 143 155 163 169 173 174 91.0 115 129 139 146 151 155 156
TEX55-60 02 154 194 218 236 249 258 264 267 140 175 197 212 224 232 237 240

Evaporating temperature -40·C Evaporating temperature -SO·C
TEX5·3 01 5.6 7.0 7.9 8.5 9.0 9.4 9.7 9.8 5.5 6.1 6.6 7.0 7.3 7.5 7.7
TEX 5-4,5 02 7,9 9.9 11.1 12.0 12.7 13.3 13.7 13.9 7.7 8.7 9,4 9,9 10.4 10.7 10.9
TEX5-7.5 03 11,4 14.3 16.2 17.7 19.0 19.9 20.7 21.2 11.2 12.7 13,9 14.9 15.8 16.4 16.9
TEX 5-12 04 16.3 20.5 23.2 25.3 27.1 28.5 29.5 30.2 16.0 18.2 19.9 2.1.3 22.5 23.4 24.1

TEX 12-4.5 01 8.3 10.5 11.9 12.8 13.5 14.0 14.4 14.6 8.5 9.5 10.2 10.8 11.2 11.5 11.7
TEX 12-7.5 02 13.7 17.2 19.4 210 22.2 23.1 23.7 24.1 13.9 15.5 16.8 17.7 18.5 19.0 19,4
TEX 12·12 03 19,6 24.8 28.1 30.6 32.6 34.1 35.3 36.1 19.8 22.5 24.5 26.2 27.6 2.8.6 29.4
TEX 12·18 04 25.5 32,6 37.4 41.1 44,2 46.8 48,8 50.3 25.9 29.9 33.1 35.9 3B.2 40.2 41.6

TEX20·20 01 33.0 42.0 47.0 52.0 55.0 58.0 60.0 62.0 33.0 38.0 42.0 45.0 47.0 49.0 51.0

TEX 55·35 01 73.0 92.0 102 110 116 120 122 123 73.0 81.0 87.0 91.0 94.0 00.0 97.0
TEX55-50 02 114 141 158 170 178 185 189 191 113 126 135 142 147 150 151

Evaporating temperature -55"C Evaporating temperature -60·C

TEX5·3 01 4.4 4.9 5,3 5.6 5.9 6.1 5.2
TEX 5-4.5 02 6.2 7.0 7.6 8.0 BA 8.6 8.8
TEX5·7.5 03 9.0 10.3 11.3 12.1 12.9 13.5 13.9
TEX5·12 04 12.9 14.7 16.1 17.3 18.3 19.2 19.8

TEX 12-4.5 01 7,6 8.5 9.2 9.7 10.1 10,4 10.5

ITEX 12-7,5 02 I 12.5 14,0 15.1 16.0 16.7 17.2 17.5
TEX 12·12 03 11.8 20.3 22.1 23,] 25.0 26.0 26.7 I
TEX 12·18 04 23.3 27.0 30.0 32.6 34.8 36.7 38.2

TEX20-20 01 30.0 34,0 37.0 40,0 43.0 45.0 46.0

TEX 55·35 01 I 66.0 73.0 78.0 82.0 84.0 86.0 87.0
ITEX55-60 0" I 102 113 121 127 131 134 135L. I

Correction/or sub-cooling At.wb

~tsub 4K 10K 15K 20K 25K 30K 35K 40K 45K 50K

R22 1.0 1.06 1.11 1.15 1.20 1.25 1.30 1.35 1_39 1.44

Note: Insufficient sub-cooling can produce flash gas.



Thermostatic expansion valves, type TE 5 - TE 55

Thermostatic expansion valves, type TE 5 • TE 55

Capacity

Capacity in KW for Range N: -40'C to +10'C R 22
Valve type Orifice Pressure drop across valve ~ bar Pressure drop across valve Ap bar

no.
2 I 4 I 6 I 8 I 10 I 12 I 14 I 16 2 I 4 I 6 I 8 I 10 I 12 I 14 I 16

Evaporating temperature +10oe Evaporating temperature OOG
TEX5·3 01 12.4 16.3 18.8 20.5 21.7 22.4 22.8 23.0 12.8 16.7 19.1 20.8 no 22.7 23.2 233
TEXS-45 02 17.2 22.5 25.9 28.1 29.7 30.6 31.1 31.3 17.7 22.9 26.1 28.3 29.9 30.9 31.5 31.7
TEX 5-7.5 03 25.3 32.8 37.4 40.6 42.6 43.9 44.5 44.7 25.9 33.0 37.5 40.6 42.8 44.2 45.0 45.3
TEX5·12 04 35.6 46.6 53.3 57.8 60.8 62.6 63.6 63.9 36.6 47.0 53.5 58.0 61.2 63.2 64.3 64.7

TEX 12-4.5 01 16.8 22.5 26.1 28.6 30,3 31.4 32.1 32.3 16.1 21.2 24.5 26.8 28,5 29.6 30.3 30.6
TEX 12·7,5 02 27.3 36.4 42.1 46.1 48.8 50.7 51.6 52.0 26,2 34,5 39,8 43,5 46.1 47.8 48.9 49,3
TEX 12·12 03 40.2 53.3 61.6 67.2 71.1 73.5 74.9 75.5 38.7 50.8 58.5 63.9 67.7 70.3 71.9 72.6
TEX 12·18 04 53.2 70.2 80.9 88.1 93.0 96.1 97,8 98.5 51.7 67,6 n.8 85.0 90.2 93.7 95.8 95.9

TEX20·30 01 72.0 94.4 108 118 124 129 131 132 66.3 86.0 98.5 107 113 118 120 121

TEX55·50 01 158 209 241 263 278 287 293 295 145 190 218 237 251 260 265 267
TEX55·85 02 239 313 360 391 412 425 432 434 221 286 326 355 375 388 395 397

Evaporating temperature ·10·e Evaporating temperature ·20·C
TEX5·3 01 11.1 14.3 16.3 17.7 18.8 19.5 19.9 20.1 11.5 13.0 14.1 15.0 15.6 16.0 16.2
TEX5·4.S 02 15.4 19.7 22.4 24.3 25.7 26.7 27.3 27.6 15,9 18.1 19.6 20.8 21.6 22.1 22.4
TEX 5-7.5 03 22.7 28.7 32.7 35.6 37.8 39.4 40.4 40.9 23.2 26.3 28.7 30.6 32.0 32.9 33.5
TEX5·12 04 32.3 41.1 46,8 51.0 54.1 56.3 57.7 58.4 33.2 37.7 41.1 43.7 45.7 47.0 47.8

TEX12-4,5 01 18.7 21.4 23,4 24.8 25.8 26.4 26.6 15.9 18.1 19.6 20.8 21.6 22.1 22.4
TEX 12-7.5 02 30.4 34,8 37,9 40,2 41.8 42.8 43.2 25.9 29.4 32.0 33,9 35,2 36.1 36,5
TEX 12·12 03 44.5 50.9 55,6 59,0 61.4 62.9 63.7 37.7 42.9 46.7 49,6 51.7 53.1 539
TEX 12·18 04 59.1 67.7 74.0 78.7 82.1 843 85.6 49.9 57.0 62.3 66.4 69,6 71,8 73.1

TEX20·30 01 75.4 85,9 93.6 99.2 103 106 107 63.7 72.4 78.8 83.8 87.4 90.0 91.4

TEX55·50 01 166 189 205 217 225 229 231
I

140 158 171 181 187 191 193
TEX55·85 02 251 285 309 327 339 346 349 213 240 260 275 285 291 294

Evaporating temperature ·30'C Evaporating temperature ·40·C
TEX5·3 01 9.0 10.2 11.1 11.7 12,2 12.5 12.7 7,9 8.5 9.0 9.4 9.7 9.8
TEX 5-4.5 02 12.6 14.3 15.4 18.4 17.0 17,5 17.6 11.1 12.0 12,7 13,3 13.7 139
TEX 5-7.5 03 18.3 20.8 22.7 24.2 25.4 26.2 26.8 16.2 17.7 19,{) 19,9 20.7 21.2
TEXS·12 04 26,3 29,8 32,5 34,6 36.3 37.5 38.2 23.2 25.3 2;'1 28,5 29.5 3~.2

TEX 12-4.5 01 14.8 16.0 16.9 17.6 18.0 18.3 11.9 12.8 13.5 14.0 14.4 14.6
TEX 12·7.5 02 24.2 26.2 27.7 28.8 29.5 29.9 19.4 21.0 22.2 23.1 23.7 241
TEX 12-12 03 35.1 38.1 40.5 42.4 43.7 44.5 28.1 30.6 32.6 34.1 35.3 35.1
TEX12·18 04 46,6 51.0 54.6 57.4 59.6 61.0 37.4 41.1 44,2 46,8 48,8 50,3

TEX20·30 01 59.2 64.5 68.8 72.0 74.4 75.8 I 47.5 51.8 55.4 58.2 60.4 61.~I
TEX55·50 01 129 139 146 151 155 156 I 102 110 116 120 122 i23
TEX55·85 02 197 212 224 232 237 240 158 170 178 185 189 19·

I



Ordering
Tl1ennosfafic element 22

Valve Pressure Capillary
Code no.

type eqU(llizlltion II.II>e RangeN Range NM RangeNL Range B
-40 to +1O"C -40 to -S'C -40to-1S'C -6010-25'C

Y~in.J6mm m WrthOLrtMOP MOP+WC MOPO'C MOP-WC WlthrotMOP MQP-20'C

TEX5 Ext.') 3 {)67B3250 fi67B3267 06783249 061832.53 06783263 067B3251

lEX 12 Ex!.~l 3 06783210 {)filB3227 05183107 06lB3Z13 06783211
TEX'12 EXt.2) 5 06783209 06783212

lEX 20 Ext. t) 3 {)67B3214 06783286 06783273 061B3275 06783216

TEX20 Ex!. 2) 5 06183290 067B3187

TEX55 Ex!. ~) 3 061G3205 061G3120 067G3206 067G3207

TEX55 Ex!. 2) 5 067G3209 067G3217

') Pressure equalization with sokierconnector can be supplied on conlncting Danfo!ls.

2) Av3il3ble as accessory; solder adapter for TE12, TE 20 ond lE 55. Code no, 068BOUO,

Orifice assembly

1
~

Vnl\'elype Rated capucity Rated capacity Orifice 1'10. Code no.
RangeU: RangeB:

--40 to 'IO'C -60to-2S'C
kW

,
kW

TEX5-3 19.7 11.9 01 {)6182089

TEX 54.5 26.9 16.7 02 067B2090

TEX.5-7.5 36.8 24.8 03 06182091

TEX 5-'12 55.3 35.4 04 06782092

TEX 12-4.5 26.8 17.~ 01 067B.2005

TEX 12-7.5 43.4 , 2H.2 02 061620Q6

TEX'12-n &4.0 41.4 03 {J67B1007

TEX 12-16 84.4 55.9 04 067B2008

TEX20-30 106.0 70.0 01 o67B2172

TEX 55-50 239.0 "148.0 0'1 067G2005

lEX 55-85 356.0 228.0 02 067G2006

The rated capJcity is based (In:
Evoporating temperature ~ = +S'C for range .1-o11lnd te = -30'C for range B
Condensing lemperaure t: = +2,2'C
Remllemnt temperaure ahead 01 valve ~ = +2S'C



Refrigerant Pressure Temperature Table
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