3
Universal Heating/Cooling device (Detailed Analysis)
3.0
Problem and Product Introduction
The underlying problem here is that heat pumps are currently being used very inefficiently. The energy required to power a heat pump can be quite high, so it is vital that they are used efficiently. All cooling devices in households run via heat pumps which extract heat from somewhere and exhaust it out somewhere else. This is the case for air conditioners and fridges/freezers. We also have heating devices which either produce heat (in ovens and ordinary heaters) or extract heat from the outside air, producing wasted cooler air.

The simple observation one can make here is that we are wasting hot and cold air, and consuming both as well. It would be much more efficient to use what we can, and exhaust the rest.

The solution I will propose as the subject of my detailed analysis is a heat pump which produces cold air to cool the house (during summer) while running the fridge and freezer, and uses the exhausted hot air to assist in heating the oven and hot water system.

This idea is fundamentally quite simple, although closer observation presents some difficulties that I will now try to solve.

3.1 The Universal Heating/Cooling Device
Basically the device will be a large air conditioner placed under the house which will assist in oven and water heating by using the heat exhaust from the Air Conditioner, fridge and freezer.
[image: image1.png]Freezer
g
Sotch3 ﬂ e
Swtch _
pi Valve B
¢ ave iyes
S v’\‘ B
i Cantioring lswich g N
Lowp 4 LB 3
conn 4
kot Ar
et
o
(Het)
aves L—
Towater vaes
eater »
Couwaer | Xvavez  \Swient
1
et oven
et 4




[image: image2.png]Hot Exhaust

X

&
L e Y
-
= Traen
R
1
-
CotEanaust

(Heatin)

Basic Refrigeration Cycle for &-134a refrigerant





3.1.1
The Air Conditioner / Fridge / Freezer
The universal heating / cooling device can basically be thought of as a single compressor pump which operates the air conditioner, fridge and freezer while simply utilizing waste heat. The Air-conditioner is controlled by switch 2 and a valve. The detailed function of the valves will be discussed later. The switches exist on devices which might not always need to be on. One of these devices is obviously an air conditioner. Besides this the air conditioner functions in the exact same fashion as a normal one would, with temperature being set and automatically regulated via the valves.
The fridge and freezer are regulated by the valves and have no switches since they are always on.

3.1.2 The water heater, oven and reverse cycle air conditioner

The heat exhaust is transported to the water pipes leading into the water heater, as this will reduce the amount of heat that needs to be added to the water. This is done simply by a set of coils that carry the refrigerant around the water pipes, releasing heat into the water stream and cooling the refrigerant. If switch 3 is turned on, the heat pump is also used as a heater, with exhaust ‘cool air’ cooling the fridge and freezer.

The oven device is a little more complex. The heat produced by the heat pump is not sufficient to cook food or heat water to a sufficiently high temperature. That is why the exhaust heat is only used to preheat the water. A similar mechanism will apply for the oven. The exhaust pipes will run through the oven before entering the heat exhaust. This will ensure that the oven is heated to a relatively high temperature (say 80oC while the A/C is running). Once the oven is turned on, switch 1 automatically shuts and Switch 5 opens to avoid the high temperatures of the Oven contaminating the exhaust, which would be detrimental to the heat pump.

The oven has no valve because the temperatures induced by the Air Conditioning in the oven are minimal compared to oven operating temperatures, so there is little need to throttle the heat passing through the oven. The oven will effectively be kept warm from the Air Conditioner, Fridge and Freezer, so whenever it is used and energy saving will be made due to the warm starting temperature.
The reverse cycle air conditioning is simply a user-defined option on the Air Conditioner which switches the direction of the air conditioning cycle, exhausting hot air from the pump (and exhaust from the fridge and freezer) into the house. One could argue that the energy saving to be made here is rather trivial, seeing as fridge and freezer heat is already exhausted into the house. However there is no loss of energy, and the fact that a single pump is being used to heat a house and cool a fridge and freezer is likely to induce an energy saving as it is because the consumer would be more inclined to buy better technology.

3.1.3 The Valves and computer control.

The valves need to be controlled by a microcontroller. Controlling the temperature for a single pump and single appliance – such as a fridge – is a relatively simple and linear process, but in this situation it becomes an equilibrium problem, as a single hot/cold source is to power several devices which all have different temperature needs.

The microcontroller will work by sampling the temperature of every device in a certain interval (say 2 minutes), during which it will compare the energy needs (more or less heat) of each device. If a device needs more cold air, the microcontroller will increase the valve an incremental step and decrease it for another device which has too much cold air. If each device has too little cold air, it will increase the power to the pump. On the other hand, if each device has too much heat the microcontroller will decrease the power to the pump.

This would result in slight fluctuations as the controller is constantly balancing the temperature levels. A way of overcoming this would be by creating an acceptable margin of error, and programming the chip so that it would attempt to regulate temperature to within, say, 5% of the desired level.
3.1.4 Energy Savings

The average Air conditioner might consume 3kW while running to cool a small living area
, while the average fridge and freezer would, in total, consume about .3kW
. The pressure-entropy cycle for a refrigeration cycle and the basic model of a heat pump is represented below: (note that the refrigerant will be modeled as the commonly user refrigerant r-134a)


The cold part of the cycle will be at around -20oC, while the hot part will be around 50oC. The entropy of the refrigerant in the first (cold) part of the cycle is 0.90105kJ/kg·k with an enthalpy of 272.46kJ/kg. We can now set the heat of the exhaust liquid to any value we want by adjusting the mass flow for a given power consumption. The average ‘heat’ for this kind of cycle is around 50oC. The gradient for time versus heat for an oven decreases dramatically at around 50oC
, and thus preheating the oven past this temperature would achieve very little considering the exponential increase in power consumption for extra heat.
The mass flow rate for the heat pump can now be found quite easily. The entropy at stage 2 is the same as stage 1, and the temperature is 50oC. From the tables in Cengel and Boles
 we can easily interpolate to find the pressure and enthalpy. At 50oC and s=0.9332kJ/kg·K we have the following two data points:
P=1.2MPa, h=275.52kJ/Kg, s=0.9164KJ/Kg·K

P=1.0MPa, h=280.19kJ/kg, s=0.9428KJ/Kg·K

Interpolating this for an entropy of 0.9332kJ/kg·K yields a pressure of 1.073MPa and enthalpy of 278.49kJ/kg. At a power consumption of 3300W (Joules / Second), the resulting mass flow is
3.3kJ/s / 278.49kJ/kg = 0.01185kg/s

This is a reasonable flow rate, albeit a little low. Having said this, highly insulated piping will be needed. If this system can preheat an oven to 50oC, it will take about 30 minutes
 off the cooking time. In a 2.5kW standard oven, this saves 1.25kWh every time the oven is used.
If a similar system is applied to heating water to around 40oC from standard outside temperature of 20oC, this will save

4184J/kg·K × 20oK = 83680J/Kg = 23.24kWh/Kg of hot water used.

It becomes easy to see that significant energy savings could be made by simply utilizing existing temperature reservoirs in the house that are normally wasted.












Figure 3.1:





Figure 3.2








� “How Air Conditioners work” http://home.howstuffworks.com/ac4.htm 
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� http://www.unusualresearch.com/GovLab/FDA/ift/ift-micr.html


� “Thermodynamics, An Engineering Approach”, Cengel and Boles, ©2002
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