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Experimental Apparatus

The Armfield Saturation Pressure Apparatus has been designed to introduce students to how the temperature of water behaves at its boiling point with variation in the absolute pressure. Saturation curves can be obtained by the student and compared with published steam tables. The quality of steam exiting the apparatus can be determined using a throttling calorimeter connected at the point of discharge.
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When 4 body of water is heated ab constant volime by means of a hot surface, such as a

heater element, various different stages may be observed in the heating proce:

|1

At very low hieat Mux between the heater and the Muid. no
boiling occurs. Heat transfer between the element and the
fluid is by conduction, and Muid motion occurs through free
convection. Phase change oceurs only as evaporation at the
lree surface.

During this stage. slight swirling of the water surface may be
Seen.

At inereased hew [Tux, phase change will oceur at the heater
surfice. with small bubbles of vapour forming as the layer of
{luid surrounding the heater reaches saturation lemperature.
These rise out o the lot boundary layer between the heater
and the main volume of the water, unul they reach cooler
Muid, where they condense. Final phase change oceurs ds
evaporation at the free surface,

During this stage, small bubbles may oc
condensing on the sight glass,

ssionally be seen

As hew flux s he is ransferred through the fluid
mainly by free convection. until most of the volume reaches
saruration emperature or higher. Many bubbles of vapour
forin on the heater surface. and rise through the fuid to the
surface. The bubble movement agitates the fluid, producing
inereased mixing and consequently better heat transfer from
the heater to the fluid. This stage is sometimes lermed
Nacleate hoiling.

During this stage. vigorous bubbling may be seen through
the sight glass.

As heating within the vessel is at constant volume, the
internal pressure of the system increases during the heating
process. As pressure increases, the saturation temperature of
water also increases, and the liquid in the system becomes
superheated (it remains liguid al o temperatureé above the
hoiling point at aunosph pressure).

I the pressure is now reduced without a corresponding
reduction in temperature. for example by bleeding off steam




A bench top unit comprising a boiler vessel and pipe loop with a pressure relief valve to limit the operating pressure to 8 bar gauge. A sight glass on the front of the boiler allows the boiling patterns to be observed and a Bourdon type gauge indicates the pressure in the apparatus at all times for safe operation.

A throttling calorimeter mounted adjacent to the pipe loop allows the condition of the saturated steam to be determined by measuring the temperature of the steam following throttling to atmospheric pressure. Temperatures in the pipe loop and inside the throttling calorimeter are measured using PRT sensors and pressure in the loop is measured using an electronic pressure sensor. An electrical console houses the necessary electronics with current protection devices and an RCD for operator protection. A digital meter with selector switch displays all sensor measurements. The boiler is heated by a pair of 500 W electric heating elements with variable power control and over-temperature protection.
Objectives of the Experiment

> Observation of the patterns of boiling at the surface of the water

> Understanding saturation curves and the characteristics of a two phase fluid

> Understanding the origin and use of steam tables

> Using a throttling calorimeter to determine the quality of wet steam

Description of the Apparatus

The apparatus consists of a rectangular pipe loop incorporating a cylindrical boiler in one vertical limb. Pure water in the boiler is heated to its boiling point using a pair of cartridge heaters with variable power control. A sight glass on the front of the boiler allows the internal processes to be observed, namely boiling patterns at the surface of the water, and also allows the water level in the boiler to be monitored. Saturated steam leaving the top of the boiler passes around the pipe loop before condensing and returning to the base of the boiler for re-heating. The operating range of the boiler and loop is 0 to 7 bar gauge. 
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The top limb of the pipe loop incorporates a PRT temperature sensor and an electronic pressure sensor to measure the properties of the saturated steam. A filling point on the top limb allows the loop to be filled with pure water and allows all air to be vented safely before sealing the loop for pressurised measurements. A vapour offtake, with isolating valve, allows steam from within the loop to be passed through a throttling calorimeter, the purpose of which is to demonstrate how the dryness fraction of the saturated steam in the loop can be determined. The steam expands to atmospheric pressure as it is throttled and a second PRT temperature sensor measures the temperature of the steam following expansion.
Laboratory Procedure

1. Record the barometric pressure in the lab. 

2. Check the area and make sure the apparatus and the stand are stable.

3. Identify the following elements: electric console, filler valve, filler pipe, drain valve, drain pipe, calorimeter, calorimeter valve, relief valve, and pressure gage and temperature sensors. 

4. Check that the RCD and three circuit breakers on the rear of the console are all in the ON position. 

5. Check that the main switch on the front of the console is switched off.

6. Check that the heater switch is off and the heater power control is set to minimum.

7. Check that the drain valve is closed using the tool supplied.

8. Check that the calorimeter isolating valve is closed – lever vertical.

9. Open the filler valve on the top of the apparatus using the tool supplied. 

10. Using a funnel, slowly fill the system with pure water until the level reaches ¾ of the way up the sight glass on the front of the boiler. Approximately 1.75 liters of water will be required. Do not close the filler valve at this point.

11. Switch on the main power switch on the console. The digital display should be illuminated.

12. Use the selector switch to check that initial readings for PT100(1), PT100(2) and P are sensible. P should be approximately 0 kN/m2. The actual values for PT100(1) and PT(100(2) will depend on the ambient temperature but a typical reading will be 109 Ohms at 20°C. 

13.  Make sure that the isolating valve to calorimeter is closed. Then, switch on the heater and set the power control to maximum and allow the water to heat. 

14. Four heating regimes can be visually observed through the sight glass. Make sure you can distinguish the regimes according to the theory section. 

15. When the water is boiling with steam issuing from the filler line confirm that reading from PT100(1) is approximately 138 Ohms corresponding to a temperature of 100°C (Actual readings will depend on the atmospheric pressure). Then, close the filler valve. This will increase the pressure of the system. 

DO NOT ATTEMPT TO OPEN THE FILLER OR DRAIN VALVES

 WHEN THE SYSTEM IS PRESSURIZED!

16. Record the Pressure of the system and the value of PT100(1) in Table 1 every two minutes until the pressure is approximately 6 bar. (The relief valve will open if the pressure is increased more than 6 bar.)

17. When the pressure reaches the maximum (approximately 6 bar), open the isolating valve to the calorimeter. This will allow the pressurized steam to expand in a “constant enthalpy” process and leaves the cycle. PT100(2) measures the temperature of the leaving steam after the expansion in the calorimeter. Remember that the corresponding pressure of point 2 is approximately the barometric pressure. 

18. Record the values of Pressure, PT100(1) and PT100(2) in Table 2 every Three minutes. Continue this step until the system is depressurized. 

19. Leave the system to cool down and completely depressurize. 

20. Open the drain valve and filler valves and drain the water from the apparatus.

Questions *

1- Explain the boiling regimes that you observed.

2- Using the provided conversion tables in Appendix, find the temperature values at each step and fill Tables 1 and 2. Make sure that you convert your Measured Resistance to Corrected Resistance and then find the corresponding Temperature. 

3- What is the difference between gage pressure and absolute pressure? Which one would you use if you want to look up the thermo physical properties of steam in standard thermodynamic tables?

4- Convert the values of gage pressure to absolute pressure and fill the corresponding column in tables 1 and 2.

5- Plot the Pressure versus T1 from Table 1 and water saturation line (using thermodynamics tables) in one coordinate system and compare your results with theory.

6- How does the boiling temperature of water change with pressure? Does it agree with theory?

7- Write the first law of thermodynamics for the calorimeter and show that the steam undergoes a “constant enthalpy process” in this element. Your result should proof that h1 = h2 !

8- Calculate the quality of vapor in the system (point 1) by making use of the following equation and fill the corresponding column of Table 2. (The quality is the vapor content of a two phase flow. If you don’t remember what that is, you may want to consult your thermodynamics book) 
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Notice that h2 depends on barometric pressure (and NOT system pressure) and T2. On the other hand, hf and hfg depend on system absolute pressure only!

9- Why do the hf and hfg only depend on system absolute pressure? (Hint: Are saturation pressure and boiling temperature independent?)

10- Plot the vapor quality versus absolute pressure of the steam. 

11-  How does the steam flow quality change with pressure? Compare your results with theory.
* In a number of questions, you will need to do a lot of linear interpolations. You may want to program your calculator or excel sheet for simplification. If you are not doing a lot of interpolations, you may want to catch a different train!
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Table 1

	Time
	Gage Pressure
(kN/m2)
	Absolute Pressure
(kN/m2)
	PT100(1) 
Measured Output (Ω)
	PT100(1) 
Corrected Output (Ω)
	T1 (°C)

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 


	Time
(min)
	Gage Pressure
(kN/m2)
	Absolute Pressure
(kN/m2)
	PT100(1) 
Measured Output (Ω)
	PT100(1) 
Corrected Output (Ω)
	T1 (°C)
	PT100(2) 
Measured Output (Ω)
	PT100(2) 
Corrected Output (Ω)
	T2 (°C)
	hf
(kJ/kg)
	hfg
(kJ/kg)
	h2
(kJ/kg)
	x1
(%)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Table 2
Appendix[image: image4.jpg]TH3 Saturation Pressure

Data Sheet 1
Resistance Bridge Correction Chart

Measured Corrected Measured Corrected
Resistance  Resistance  Resistance  Resistance

Q Q Q Q
100 100.00 131 129.59
101 100.83 132 130.70
102 101.68 133 131.81
103 102.53 134 132,93
104 103.38 135 134.06
105 104.25 136 135.21
106 105.12 137 136.36
107 106.00 138 137.53
108 106.88 139 138.71
109 107.78 140 139.90
110 108.68 141 141.10
(A8 109.59 142 14232
112 110.50 143 143.54
13 111.43 144 144,78
14 112.36 145 146.04
115 113.30 146 147.30
16 114.25 147 148.58
17 115.21 148 149.87
118 116.18 149 151.17
19 117.16 150 152.50
120 118.14 151 153.83
121 119.13 152 155.17
122 120.14 153 156.53
123 121.15 154 157.91
124 122.17 155 159.30
125 123.20 156 160.71
126 157 162.13
127 158 163.56
128 159 165.02
129 160 166.48
130 128.50

The bridge will be balanced when the PT100 has a resistance of 100€. At any other
value of resistance there will be an imbalance in the bridge resulting in an error in the
reading. This chart can be used to correct for this error.

viii
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Data Sheet 2

PT100 Platinum Resistance Thermometer Reference Chart

Corrected
Resistance

Q

100.00
100.78
101.56
102.34
103.12
103.90
104.68
105.46
106.24
107.02
107.79
108.57
109.35
110.12
110.90
111.67
112.45
11322
113.99
114.90
115.54
116.31
117.08
117.85
118.62

Temperature

301.15
303.15
305.15

Corrected
Resistance

Q

119.40
120.16
120.93
121.70
122.47
123.24
124.01

124.77
125.54
126.31

127.07
127.84
128.60
129.37
130.13
130.89
131.86
132.42
133.18
133.94
134.70
135.46
136.22
136.98
137.74

Temperature

°C
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
96
98

339.15
341.15
343.15
345.15
347.15
349.15
351.15
A5
Al
357.15
359.15
361.15
363.15
365.15
367.15
369.15
371.15
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Data Sheet 2 continued

Corrected Temperature Corrected
25 t Temperature
Resistance Resistance
Q %€ K Q °C K
138.50 100 157.31 150
139.26 102 158.06 152
140.02 104 158.81 154
140.77 106 159.55 156
141.53 108 160.30 158
142.29 1o 161.04 160
143.04 12 161.79 162
143.80 114 162.53 164
144.55 116 163.27 166
145.31 118 164.02 168
146.06 120 164.76 170
146.81 122 165.50 172 5.15
147.57 124 397.15 166.24 174 H47.15
148.32 126 399.15 166.98 176
149.07 128 401.15 167.72 178
149.82 130 403.15 168.46 180
150.57 132 405.15 169.20 182
151.33 134 407.15 169.94 184
152.08 136 409,15 170.68 186
152.83 138 411.15 171.42 188
153.58 140 413.15 172,16 190
154.32 142 415.15 172.90 192
155.07 144 417.15 173.63 194
155.82 146 419.15 174.37 196
156.57 148 421.15 175.10 198
175.84 200

Ise of the chart

Take a reading for the resistance of the PT100 from the display on the front of the
console.

Find the corrected value for the resistance from the Resistance Bridge Correction
Chart (Data Sheet 1).

Find the closest value to the corrected resistance from the “Measured Resistance
column of the above table.

Read along the column to find the reading in degrees Celsius and the corresponding
reading in degrees Kelvin.
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