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Mechanical & Mechatronic Engineering Department
Central Heating Unit
Objectives
Objectives of the central heating unit includes the following;
· Understand function of components of a central heating system
· Operate a complete central heating system
· Compare heat emitted from different radiators.
· Operate the boiler and test efficiency of combustion system.
· Test performance of burner and its pollution effects.
System description
The bench CTR (fig. 1.1) is system for the study of the thermal plants, with hot water production via oil generator (gas upon request) and dissipation of the produced thermal power with different types of radiators.
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1 – Flue gas duct     				15 – Intercepting valve
2 – Air separator 					16 – Automatic water filling device
3 – Automatic air venting valve 			17 – Recirculation pump thermostat
4 – Safety valve 					18 – Boiler
5 – Thermostat 					19 – Burner
6 – Manual reset pressure switch 			20 – Fuel shut-off valve
7 – Ball valve 					21 – Flue gas thermometer
8 – Expansion vessel 				22 – Control panel
9 – Main pump					 23 – Water manometer
10 – Delivery manifold				 24 – Steel radiator
11 – Recirculation pump 				25 – Cast iron radiator
12 – Return manifold 				26 – Aluminium radiator
13 – Manual air venting valve 			27 – Lockshield valve
14 – Drain 
Figure 1 Central heating bench
The boiler
The boiler has a base of cast iron, and it includes a section crossed by the fluid to be heated (heat-carrier fluid), a combustion chamber of vertical structure, located in the furnace, and a heat exchanger, installed above the combustion chamber, where the convection exchange occurs.

The outer surface of the heat generator is insulated with a layer of heat insulating material (rock wool) protected outside by a plate; this structure is called shell and its function consists in reducing the losses to the outside. The boiler also includes the main on-off switch, the thermostat Tr controlling the boiler temperature and the safety manual reset thermostat Ts (fig. 1.2).

The water content amounts to 12.8 litres: this will position this generator midway between the generators of higher content of water (2- 3 litres of liquid per kW of power) and those of small volume of water (0.2-0.5 litres of liquid per kW of power).
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1 – On-off switch 		6 – Boiler body
2 – Safety thermostat		 7 – Flame sight glass
4 – Boiler thermometer 		8 – Burner
5 – Regulating thermostat

Figure 2 Heat generator (Boiler)



The burner
The burner installed in this boiler is a single-stage blown-air burner with mechanical atomization of gas oil. The fuel is preheated by a heating element; then it is pushed, at a pressure of approximately 12 bar, to the nozzle (GPH 0.40 – 60°); then the fuel is finely sprayed by the nozzle and mixed inside with the comburent air blown by a fan included in the same body of the burner. The fuel stored in the tank of the Trainer is intaken by the pump of the burner. Some transparent pipes enable to check the level of the fuel.

Flue-gas circuit
This flue-gas circuit is of the pressurized type: in fact, as mentioned above, the comburent air is blown by the burner that keeps the combustion chamber in overpressure with respect to atmosphere; this ensures a better exhaust of the products of combustion. The products of the combustion will cross the exchanger, according to the classic configuration of fire-tube generators, coming out in the upper part where there is a smoke box: this box has the function of collecting and conveying them to the stack.

The section of stack of stainless steel with double wall insulation shows the intake for combustion analysis, in case the equipment is provided with the (optional) electronic combustion analyzer that will detect:
· Concentration of oxygen O2,
· Concentration of carbon monoxide CO,
· Concentration of nitrogen monoxide NO,
· Temperature of the products of combustion,
· Temperature of comburent air,
· Draught of the stack,

Based on above data you will be able to calculate:
· concentration of carbon dioxide CO2,
· combustion efficiency,
· losses due to sensible heat in flue gas,
· air excess λ,
· dew point.


Hydraulic circuit
The hydraulic circuit of the bench is shown in the schematic diagram of the fig. 1.3. A delivery pipe and a return pipe connect the heat generator respectively with a distribution manifold with 4 delivery lines and with a return manifold with 4 return lines.

An anti-condensate pump is inserted in the delivery pipe; this pump is controlled by a minimum-temperature thermostat enabling its operation when the temperature of the return water drops below the set point and it conveys the hot water coming out of the boiler to the return, bypassing the system, thus protecting the generator from the phenomenon of condensate. The bench also includes an automatic loading unit. The primary circuit pump, 3-speed type, is controlled by a room thermostat.
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Fig. 3 Hydraulic circuit

Radiators

· Radiators of aluminium 350/100 (4 elements)
· Radiators of cast iron MB4/400 (5 elements)
· Radiators of steel 105/400 (8 and 12 elements)

Details of radiators characteristics and specifications can be found in the unit manual.

Figure 4 shows a comparison of the radiator power as a function of temperature difference.
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Figure 5 heat emitted from different radiators.


Part 1 Combustion efficiency
Determine the burner fuel consumption
If you want to evaluate the burner fuel consumption in a fixed period of time (e.g. 1 hour) you must measure the fuel level in the tank at the beginning and at the end of the period. Then, multiplying the found difference for the area of the tank section, you find the searched volume.

V = A ⋅ Δh/t =[(18 * 28)* Δz ⋅10−3  ]/time seconds   , liters/s

Refer to the fig. 6: the combustion efficiency results from the following equation:
[image: ]
[image: ]

[image: ]
Figure 6 : Energy balance of a boiler

The combustion efficiency of traditional boilers can be measured through three parameters: the percent value of CO2 in dry smokes, the ambient temperature (that is the temperature of the comburent air entering the boiler) and the temperature of flue gas.
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A, B are coefficients that vary according to the considered fuel see table below; %CO2 is the volume percent value of CO2 in dry smokes; ΔT (Tf - Ta) [K] is the difference of temperature between smokes and environment.
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Testing procedure
After powering the Trainer unit, starting the burner and leading the boiler to regime, measure the temperature of the comburent air near the burner, enabling the combustion analyzer manually. Put the probe for the taking near the air intake of the burner and enable the instrument from the keyboard, this phase lasts 60 s (phase of Initialization - Zero auto) and the analyzer will detect the temperature of air Ta that will be stored and displayed in the next test.

At the end of this phase insert the probe for taking flue gas in the proper hole available on the stack (fig. 3.2) and confirm the type of fuel used.

Effect of air register on combustion
It is absolutely necessary to check the combustion and to control pressure and flow rate of the air, with a combustion analyzer. The reference functional parameter for assessing the effects of the combustion air in this test, is the position of the register. 

· Set the value of 10 bar as pressure of the gas oil pump in the burner by turning the adjusting screw. 
· The combustion analyzer has been started in air to determine the Ta, then after the burner has been ignited and some minutes have been waited to obtain the proper temperature in the boiler, insert the probe in the stack and start analyzing the combustion.
· During the combustion analysis also the position of the register of the burner (1 to 6) and the consequent condition of combustion will vary.
· Record the data each 10 s from the exhaust gas analyzer.

Data sheet Part 1 combustion efficiency


	Air valve
	ACT
	% O2
	ppm CO
	Ppm NO
	T Flue gas oC
	T Air
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Calculations and analysis

1. Discuss the results for each air register setting (1 to 6). 
2. Including effect on composition of exhaust gas, heat losses, excess air ratio, and combustion efficiency.
3. Compare measured heat losses with calculate values.
4. Compare emissions with standards for boilers emissions.


For instance, the losses for sensible heat in flue gas %qA can be determined by the following equation
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A1 = 0.68;
O2 = concentration of oxygen in the products of combustion (% of the measured volume);
B = 0.007
TF = temperature of flue gas;
TA = ambient temperature;


Part 2 Characteristic of thermal emission of radiators

All the exchangers using water as primary fluid can adjust the heat exchange to the load variations in two ways: varying the flow of water or varying its temperature.
Objective is to determine the characteristic of thermal emission of a radiators by varying and measuring the flow rate crossing it and the temperature difference between inlet and outlet of the radiator.
Procedure
· At each value of water flow through the radiator record the inlet temperature, out let temperature of the water, wait system to reach steady state for each reading.
· Change water flow rate in the circuit as shown in the data sheet below;
· Repeat test for the three radiators (Aluminum, steel, iron)


Calculations and analysis
1. Determine the values of water flow rate and temperature difference for each radiator, calculate the heat emitted or lost from the radiator using 

2. Plot the emitted power versus the water flow rate for the radiator.
3. Calculate percent of output to the rated value using equations below;

Where

Φ percent of thermal output to the rated output
Q is flow rate and rated flow rate
Te temperature of entering flow 
Tu is the temperature of water out of radiator 
Φi ambient temperature. 

4. Plot Φ versus q for three radiators on the same graph, comment on the curves and difference for the radiators.


Data sheet Part 2 Characteristics of thermal emission of radiators

	Water flow rate L/min
	Tin oC
	Tout oC

	1
	
	

	1.5
	
	

	2
	
	

	2.5
	
	

	3
	
	

	4
	
	

	5
	
	



Part 2 Results for thermal emission of radiators

	Radiator
	Flow rate l/min
	Mass flow rate kg/s
	Temperature difference ΔT
	Φ

	Aluminum

	
	1
	
	
	

	
	1.5
	
	
	

	
	2
	
	
	

	
	2.5
	
	
	

	
	3
	
	
	

	
	4
	
	
	

	
	5
	
	
	

	Steel

	
	1
	
	
	

	
	1.5
	
	
	

	
	2
	
	
	

	
	2.5
	
	
	

	
	3
	
	
	

	
	4
	
	
	

	
	5
	
	
	

	Cast iron

	
	1
	
	
	

	
	1.5
	
	
	

	
	2
	
	
	

	
	2.5
	
	
	

	
	3
	
	
	

	
	4
	
	
	

	
	5
	
	
	




Page 6 of 9

image4.emf

image5.emf

image6.emf

image7.emf

image8.emf

image9.emf

image10.emf

image1.emf

image2.emf

image3.emf

