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Abstract 

 

 

The main subject of this thesis is the brush-type heat exchanger. The aim is to explain its uses and purposes and 

generally how it functions. The explanation is done by referencing its function to more general type of heat 

exchangers that are in commercial use and going over its potential compared to them. The actual heat exchanger is a 

model by a company called Hydrocell and this thesis analyses the function of it in practice. 

 

The focus of this study is on heating of the ventilation air in detached households in cold climates and the study is 

limited to the function of the heat exchanger excluding the other parts of the ventilation process. This is done by 

analysing gathered data and determining the efficiency of the heat exchanger, the required heating power and the 

actual heating power of the heat exchanger and the actual temperature values achieved. The data used for this study 

includes temperature values of the inflow air and the earth circuits water-ethanol mixture temperature values before 

and after the heat exchanger and the flow rates of the air and the water-ethanol mixture in the heat exchanger. 

 

The results from the case study gives us information of the heat exchanger function in practice in cold weather. 

According to the analysis, the heat exchanger is very much capable of adjusting to the constantly changing outside 

temperatures and the reached efficiency is high given the temperatures at play. A high coefficient of performance is 

reached, even over 1, as the cold air is heated by natural heat flow from surrounding environment and other parts of 

the ventilation process. The results imply that a brush-type heat exchanger is more than capable of sustaining high 

levels of efficiency throughout the long winters in the northern hemisphere and that it is a cost-effective choice for 

heating of the ventilation air.  

 

 

 

 

Additional Information 
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SYMBOLS AND ABBREVIATIONS 

cn Specific heat capacity of fluid n [kJ/kg K] 

ṁn Mass flow rate of fluid n  [kg/s] 

Ṫn Temperature  of fluid n  [ᵒC] 

ẇn Volumetric flow of fluid n  [l/s] 

Ƥ Heating power of heat exchanger [W] 

Pn Thermal effectiveness  [%] 

Q̇n Heat flow/Heat transfer rate of fluid n [J/s] 

ε̇n Efficiency of the heat exchanger  [%] 

ρn Density of fluid n  [kg/m3] 
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1 INTRODUCTION 

The goal of this thesis is to investigate the efficiency of brush-type heat exchanger in 

detached household ventilation in wintertime (January 2018). This subject was picked, 

because brush-type heat exchanger is relatively new type of a heat exchanger and there is 

not yet too much data about how it compares to other heat exchanger types and how it 

performs in general.  

The subject is very topical, because energy usage and efficiency are one of the many 

development areas in building more sustainable and environmentally friendly habitat. The 

thesis targets especially small households as the testing was made in one to give a proper 

perspective.  

The thesis is limited to mid-winter time and the results tell how good of a job the brush-

type heat exchanger did warming the cold air from outside in the house and more 

specifically how it managed to respond to the changes in temperature. The thesis excludes 

the ventilation machine and the temperatures of the ground. 

The results should indicate the brush-type heat exchanger’s viability as an option as a new 

heat exchanger model (application) and its performance in cold climates (in detached 

household ventilation system). This will prove helpful when thinking of other 

applications for it.  
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2 THEORY OF HEAT EXCHANGERS 

2.1 Introduction 

To be able to investigate the heat exchanger and analyse the results of the measurements, 

understanding the basic principles behind heat transfer phenomena is required. 

Calculation and inspection in this thesis are based in equations derived from the laws of 

thermodynamics, limited mainly to heat transfer.  

2.2 General Laws of Thermodynamics 

The laws of thermodynamics summarize the properties of energy and its transformation 

from one form to another. Understanding the laws of thermodynamics is to understand 

the role of energy in the world and what drives the universe. (Atkins 2010) 

For us to understand the phenomena of heat transfer, we must first understand the factors 

that make up thermodynamics and how they work under the laws of thermodynamics. 

(Atkins 2010) 

In thermodynamics we focus on an entity called a system. A system is a defined target of 

inspection, for example an engine or a house. Where we stand to make observations and 

inferences of the systems properties are called the surroundings, which makes up the rest 

of the universe. (Atkins 2010) 

The zeroth law of thermodynamics implies a property of anticipating thermal equilibrium, 

a property (concept) that we universally call temperature. The zeroth law states this 

property by inspecting three systems. Atkins (2010, p.5) states that “If system A is put in 

contact with system B and found to be in thermal equilibrium, and after that B put in 

contact with system C and found to be in thermal equilibrium, then when system C is put 

in contact with system A, they are always found to be in a thermal equilibrium.” This 

happens regardless of the composition and size, as known as physical properties, of the 

systems under observation. (Atkins 2010)  
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The first law of thermodynamics is the extension of the law of energy conservation. It 

implies that energy can be neither destroyed nor created. It helps us to understand and 

clarify the concept of energy. The first law of thermodynamics is based on the concept 

that energy can change by the transfer of energy with its surroundings. This transfer of 

energy is a result of a temperature difference and it is called heat. The first law states that 

the internal energy of an isolated system is constant. This means that for example if a 

glass of heated water is assumed to be isolated, the temperature of the water does not 

change with time. Also included in the first law of thermodynamics is the concept of heat 

capacity. It means that the temperature of a substance with a higher heat capacity rises 

less than a substance with a lower heat capacity with the same amount of heating. For 

example, water requires more heating to increase its temperature compared to air. (Atkins 

2010) 

2.3 Equations in the case study 

A set of assumptions is made so the theoretical model is simple enough to analyse. 

Assumptions and/or idealisations are made in heat transfer problem formulations: rate 

equations, energy balances, boundary conditions, subsequent analysis (Shah et al. 2003). 

The assumptions are in this study: 

1. Heat exchanger operates under steady state conditions (constant flow rates and 

fluid temperatures independent of time). 

2. Heat losses from surroundings are negligible (we assume that the outside walls of 

the heat exchanger are adiabatic). 

3. There are no thermal energy sources in the heat exchanger’s walls or fluids, such 

as electric heating, chemical reactions or nuclear processes. 

4. Temperature for each fluid is uniform, meaning perfect transverse mixing and no 

temperature gradient normal to flow direction. 

5. Wall resistance is distributed evenly throughout the exchanger. 

6. There are no changes in the phases of the fluids in the heat exchange process. 

7. Longitudinal heat conduction in the fluid and walls is negligible. 

8. Individual and overall heat transfer coefficients are constant throughout the 

exchanger. 
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9. The fluid flowrate is uniformly distributed through the exchanger, no flow 

stratification, flow bypassing, or flow leakages occur in any stream. The flow 

condition is characterized by the bulk velocity. 

In the equations and later in the thesis, heated ventilation air flow will be referred to as 

the cold side and the heating earth circuit will be referred to as hot side. 

To get the mass flow rate [kg/s] used in the equations, the density of the fluid [kg/m3] and 

the volumetric flow rate [m3/s] of the fluid are multiplied and marked: 

𝑚̇�̇� = 𝑤̇�̇��̇�𝑗 , (1) 

where ρa is density for air [kg/m3] and ρf is density for ethanol-water mixture [kg/m3], 

volumetric flowrate ẇa for air [m3/s] and ẇf for the water-ethanol mixture [m3/s] 

respectively. 

To abbreviate and clarify the equations, mass flow rate and specific heat capacity can be 

displayed for the cold side as 

𝐶𝑐 = 𝑚̇̇𝑎𝑐𝑎 , (2.1) 

where Cc is the heat transfer rate of the cold side [W/K], ṁa is the mass flowrate of air 

[kg/s] and ca is the specific heat capacity for air [kJ/kg K]. Similarly, the heat transfer rate 

for the hot side is: 

𝐶ℎ = 𝑚̇̇𝑙𝑐𝑙 , (2.2) 

where Ch is the heat transfer rate of the hot side [W/K], ṁf is the mass flowrate of the 

ethanol-water mixture [kg/s] and cf is the specific heat capacity of the same fluid [kJ/kg 

K]. 
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Heat transfer rate or heat flow [kW] from or to fluid can be calculated with the equation: 

�̇� = �̇�̇𝑛𝑐𝑛(𝑇𝑖 − 𝑇𝑜), (3) 

where Q̇ is the heat flow [kW], ṁn is the mass flowrate of fluid n, cn is the specific heat 

capacity of fluid n, Ti is the inflow temperature of the fluid and To is the outflow 

temperature of the fluid. 

The above equation translates into: 

 �̇� ℎ = 𝐶ℎ(𝑇ℎ,𝑖 − 𝑇ℎ,𝑜) and 

 �̇� 𝑐 = 𝐶𝑐(𝑇𝑐,𝑖 − 𝑇𝑐,𝑜), 

(4.1) 

(4.2) 

where Q̇h is the heat transfer rate of the hot side [kW] and Q̇c is the heat transfer rate for 

the cold side [kW] respectively. Using these equations, the heating power can be 

calculated for both sides.  

From equation (4.1) and (4.2), straight efficiency can be calculated: 

ε =
�̇�𝑐

�̇� ℎ
∗ 100%, 

(5) 

which has values in percent’s [%]. 

In ideal situations, where there are no leakages, the heat exchanger is well insulated and 

all the heat from the hot fluid transfers to the cold fluid, the heat transfer rates can be 

presented as being equal. Because the hot side emits/transfers heat, its value is positive 

and because the cold side absorbs heat, its value is negative. 

�̇� ℎ = −�̇�𝑐, (6) 

where �̇� ℎ is the heat flow released by the liquid to the cold air [kW] and �̇�𝑐 the heat flow 

to the cold air [kW]. 
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Equation (6) is the basis for the ε-NTU method for calculating efficiency. The ε-NTU 

method measures the ratio of the actual heat transfer rate from the hot fluid to the cold 

fluid to the maximum possible heat transfer rate Qmax thermodynamically permitted (Shah 

et al. 2003).  

In calculating Qmax, the assumption of infinite surface area, zero longitudinal wall heat 

conduction, zero flow leakages from one fluid to another, operating with the same inflow 

temperatures and fluid flowrates as in the actual heat exchanger; also, assumptions 8 and 

9 are invoked (Shah et al. 2003). 

The ε-NTU efficiency equation is: 

𝜀𝑛 =  
�̇�

�̇�𝑚𝑎𝑥
, (7) 

where efficiency εn gets values [0-1], Q̇ is the heat transfer rate of either cold or hot side 

[W] and Q̇max is the thermodynamically permitted maximum heat transfer rate [kW]. 

To determine Q̇max, the minimum heat capacity rate Cmin must be first found out (Shah et 

al. 2003). This can be done by looking at the temperature drops at hot and cold side and 

determining the lower one invoking the equation (8) as follows: 

(𝑇ℎ,𝑖 − 𝑇ℎ,𝑜) > (𝑇𝑐,𝑜 − 𝑇𝑐,𝑖) → 𝐶ℎ< 𝐶𝑐, 

(𝑇ℎ,𝑖 − 𝑇ℎ,𝑜) = (𝑇𝑐,𝑜 − 𝑇𝑐,𝑖) → 𝐶ℎ = 𝐶𝑐 = C and 

 (𝑇ℎ,𝑖 − 𝑇ℎ,𝑜) <  (𝑇𝑐,𝑜 − 𝑇𝑐,𝑖) → 𝐶ℎ >  𝐶𝑐, 

(8.1) 

(8.2) 

(8.3) 

where Th,i is the temperature of entering hot fluid [ᵒC] and Th,o is the temperature of 

exiting hot fluid [ᵒC]. Respectively, Tc,i is the temperature entering cold air [ᵒC], and Tc,o 

is the temperature of exiting cold air [ᵒC]. Cc is the heat capacity rate for the cold side 

[W/K] and Ch is the heat capacity rate for the hot side [W/K]. 
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The above equations can be further simplified to: 

Cmin = {
𝐶𝑐     𝑓𝑜𝑟 𝐶𝑐 < 𝐶ℎ

𝐶ℎ     𝑓𝑜𝑟 𝐶ℎ < 𝐶𝑐
 . 

(9) 

In this case, the minimum heat capacity rate is the cold side as the temperature drop is 

greater on the cold side compared with the hot side. 

When the minimum heat capacity rate of the fluids is known, maximum possible heat 

transfer rate Q̇max [kW] can be determined as (Shah et al. 2003) 

�̇�𝑚𝑎𝑥 =  𝐶ℎ(𝑇ℎ,𝑖 − 𝑇𝑐,𝑖)   𝑓𝑜𝑟 𝐶ℎ <  𝐶𝑐 and  

�̇�𝑚𝑎𝑥 =  𝐶𝑐(𝑇ℎ,𝑖 − 𝑇𝑐,𝑖)   𝑓𝑜𝑟 𝐶ℎ > 𝐶𝑐. 

(10.1) 

(10.2) 

Equation (9) can be expanded by dividing equations (4.1) and (4.2) by equation (10.2) 

knowing that the cold sides heat capacity rate coefficient is smaller: 

𝜀𝑛 =  
𝐶ℎ(𝑇ℎ,𝑖 − 𝑇ℎ,𝑜)

𝐶𝑐(𝑇ℎ,𝑖 − 𝑇𝑐,𝑖)
=

𝐶𝑐(𝑇𝑐,𝑜 − 𝑇𝑐,𝑖)

𝐶𝑐(𝑇ℎ,𝑖 − 𝑇𝑐,𝑖)
 . 

(11) 

In this case study, the significant efficiency under inspection is the cold side. Because of 

this, the efficiency analysis will focus only on that and the hot side ε-NTU efficiency can 

be excluded. Subtracting the heat capacity rates from equation (11) gives: 

ε𝑐 =  
(𝑇𝑐,𝑜−𝑇𝑐,𝑖)

(𝑇ℎ,𝑖−𝑇𝑐,𝑖)
 , 

(12) 

where ε̇𝑐 [%] is the efficiency for the cold side.  

Equation (12) is also called temperature effectiveness or thermal efficiency (Shah et al. 

2003), that can be written with different notation as: 
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𝑃𝑐 =
(𝑇𝑐,𝑜−𝑇𝑐,𝑖)

(𝑇ℎ,𝑖−𝑇𝑐,𝑖)
 , 

(13) 

where Pc is the thermal efficiency of the cold side [0-1]. 
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3  BRUSH-TYPE HEAT EXHANGER IN THE 

VENTILATION OF DETACHED HOUSEHOLDS 

3.1  General 

The thermal control system performance has improved in numerous ways due to 

developments in control theory and information technology. Efforts have been made to 

produce more efficient heat exchangers by employing various methods of heat transfer 

enhancement. Increase in heat exchanger performance can lead to more economical 

design of heat exchanger which can help make energy, material & cost savings related to 

a heat exchange process. (Cooper 2016, p.1) 

Detached household ventilation is a broad area of inspection. That is why we limit it to 

the heating of inflow air from outside the house during cold seasons, January in this case. 

The heating process consists of the earth circuit, where the geothermally heated fluid 

comes to the heat exchanger and leaves a bit colder, fresh air flow from outside, that heats 

up a bit while moving through the wall, the heat exchanger that heats up the fresh airflow 

from outside with the heat from the earth circuit and the heated airflow inside the house. 

The air is also heated by the ground, heat from the surrounding environment, the wall and 

other factors in addition to the heat exchanger, which have been excluded from this 

analysis.  

3.1.1  Heat exchanger 

Heat exchanger is a device meant for thermal energy transfer between medias efficiently. 

In most of the heat exchangers, the transfer occurs between a solid surface and fluids, 

from the fluid into the separating wall and out of it into the other fluid in a transient 

manner, or just simply through the separating wall. The heat transfer is designed so that 

the heat transferring medias do not mix through the heat transfer surface or leak out of 

the process. (Branson 2011) 

A heat exchanger is typically used for heating or cooling a wanted fluid stream but in this 

case, focus is only on the heating part. Common applications for heat exchangers are also 
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for example to recover or reject heat, or sterilize, pasteurize, fractionate, distil, 

concentrate, crystallize or control the process fluid. The heat exchangers heat source 

might be built in for example a battery. In this case, it is an external geothermal flow 

circuit. (Shah et al. 2003) 

The heat exchanger consists of heat exchange elements such as core or matrix containing 

a heat transfer surface, and fluid distribution elements, such as manifolds, headers, tanks, 

inlet and outlet nozzles or pipes, or seals. (Shah et al. 2003) 

Heat exchange equipment must be designed so that the requirements of safe operable 

equipment are met together with cost-effective installation, operating and maintenance. 

This can be achieved by choosing the correct heat exchanger application, that minimizes 

these factors by being a suitable option for the operating conditions. (Shah et al. 2003) 

3.1.2 Heating of the ventilation air in households 

Households require heating especially during winter times to keep the inside temperature 

on an optimal level. This is done by measuring the inside temperature and heating the 

inflow air accordingly. The heat leaves the building through windows, doors, roofs, all 

kind of orifices, thin layers, etc. Therefore, a heating cycle is required. Monitoring of the 

inflow of fresh air from outside allows the heating system to respond to the changes in 

the outside temperature. This must be done on a frequency efficient enough so that the 

indoor temperature does not change drastically and remains optimal. (Sugarman 2007) 

Heat flows naturally from higher energy level to a lower energy level. In other words, 

heat flows from warmer substance to cooler substance all the time. This means that when 

there is a temperature difference, there is always a heat flow and the larger the difference 

in temperatures, the larger the heat flow is. (Sugarman 2007)  

This is especially true when dealing with temperatures below 0 ᵒC in the ventilation, like 

in this case study. When inspecting only a part of the ventilation system, it is inevitable 

that some of this natural heat flow from different sources is left out. 
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Energy efficiency is a rising topic going into the future as we try to find different solutions 

to the questions of affordable energy. In cold climates the demand for heating comes 

naturally. The requirement is to raise the indoor temperature to a wanted level and keep 

it there with minimized expenses.  

 

 

3.2 Brush-type heat exchanger 

The heat exchanger, explored in this study, is a part of a duct radiator (Figure 1), which 

is a component of small household ventilation. The duct radiator’s task is to heat and/or 

cool the ventilation air.  

 

Figure 1. Canal radiator, the heat exchanger is located inside. Published by permission of 

Hydrocell Oy. 

The brush-type heat exchanger itself is composed of heat exchange elements, that consist 

of countless aluminium wires circled around the copper pipes. Figure 2 shows a single 
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element and figure 3 multiple elements fitted inside a heat exchanger. The high flexibility 

of this kind of heat exchanger solution comes from the ability to shape the straight heat 

exchange element into coil-, U-, or O-shape. These shaped heat transfer elements can be 

connected to fit the installation space- and effectiveness requirements. (Hydrocell Oy) 

Figure 4 shows the brush-type heat exchanger.  

 

 

Figure 2. The structure of the heat exchange brush. Published by permission of Hydrocell 

Oy.   

 

Figure 3. Heat exchange elements inside the brush-type heat exchanger. Published by 

permission of Hydrocell Oy. 
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Figure 4. The Brush-type heat exchanger composed of heat exchanger elements. 

Published by permission of Hydrocell Oy.  

The installation place can be chosen freely. It can be installed straight to the ventilation 

duct, as part of the duct, into inlet or outlet air chambers, as component of the ventilation 

machine or into separate inlet or outlet air pentices. It can also be assembled onsite to fit 

tight spaces. The heating power requirements of the customer can be sized with ease. 

(Hydrocell Oy) 

The large heat exchange area of the heat exchanger ensures high efficiency. Because the 

pressure drop in the gas phase is small, the heat exchanger can be installed into renovation 

sites without changing the air blowers. (Hydrocell Oy) 

It can also be used with dirty air, thanks to its structure. It does not clog easily and even 

when it is dirty, the pressure drop does not grow significantly, because the direction of 
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the airflow is not restricted. Due to this, air can always find a way to travel through the 

heat exchanger. As a result, the duct and the filters remain dry and the microbial and 

mould growth is inhibited. There is also no need for melting the heat exchanger as brush-

type heat exchanger is hoarfrost resistant. (Hydrocell Oy) 

Easy maintenance is also achieved through maintenance hatches, and if needed, it can be 

maintained with pressure washer from these hatches. The maintenance need is also 

lowered by the fact, that the brush-type heat exchanger operates on low flowrates within 

laminar flow. So, it is easy to control, and the maintenance need is lowered. (Hydrocell 

Oy) 

All these factors raise the COP value (coefficient of performance) and thus the yearly 

efficiency is better. The design aims to be cost-effective and the payback time is relatively 

low. (Hydrocell Oy) 
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4 CASE STUDY 

4.1 Experimental setup 

The inspected case is of a detached Finnish household in Oulu during January 2018. The 

data was collected through January 18th to 31st and is presented with units related to 

heating the inflow fresh air from outside with a brush-type heat exchanger.  

This heat exchanger is manufactured by Hydrocell and it is commercially available. Here 

we first calculate the efficiency values from the data acquired and then compare these 

values with the values presented by the company.  

The data includes a wide range of outside temperatures, so data ranges have been selected, 

where the error factors are not taken into an account. The performance and efficiency of 

the heat exchanger have been analysed from these stable measurement data ranges.  

The heat exchanger is also well insulated so heat flux from the environment is minimized. 

This is a factor that can affect the results, as the area of inspection is only limited to the 

heat exchanger and in practice the natural heat flux from hot to cold does affect the heat 

exchange and the ventilation process. 

There are two fluid streams in the system that the case inspects. The earth circuit, where 

there is 40 mm thick piping, that is 230 meters long and it is on average about 2.7 meters 

deep underground. In the pipe flows an ethanol-water fluid mixture that carries the heat 

from the ground to the heat exchanger.  

The flowrate in the earth circuit is constant at 6 l/min through out the measurement data. 

So, we can assume that the flowrate of the liquid does not cause any variance to the results 

out of the data inspection.  

The air from outside comes to the heat exchanger through a 60 cm thick wall, so it heats 

up a bit before the heat exchanger. This means that the air temperature outside is not the 

same as the temperature arriving in to the heat exchanger.  
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The flowrate of air depends on the automation set by the producer and different settings, 

like the night, moisture removal and the occupancy settings. The automation aims to keep 

the inside temperature as constant as possible and changes the flowrates accordingly. 

During cold weather, the incoming air volume is lowered so it heats up more in the heat 

exchanger.  

During the measurements in this case study, the weather was cold, so the emphasis is on 

the lower air inflow volumes. This said, there was a lot of variation in the outside 

temperatures and thus in the temperature of the inflow air from outside. This was caused 

by weather changes, to which the heating of the inflow air must adjust.  These temperature 

changes were displayed throughout the measured data. The earth temperature and the 

ventilation machine are excluded from this study to simplify the study and to be able to 

focus on the relevant information, as we inspect air heating efficiency and power in cold 

climate. 

 There were three common flowrates in the cold side that the flowrate value varied 

between. Those values were 56, 58.56 and 64.96 l/s. There existed also some other 

flowrates, but their occurrences were so rare, that they were not considered in the analysis. 

There were four measurement positions for the temperature sensor in the system: one 1 

m before and the other the same distance after the heat exchanger in the earth circuit and 

two measurements of the air temperature, also about 1 m before and after the heat 

exchanger. 

The measurement devices utilized in this study were: 

• canal sensors to measure the air temperatures by Ouman, 

• surface temperature sensors to measure the liquid temperature by Ouman, 

• anemometer to measure the liquid flowrate attached to the piping and 

• air flowrate measurement tied to the power percentage of the airflow after initial 

calibration during start-up of the system. 
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The measurement principle of the temperature sensors was negative temperature 

coefficient (NTC).  

Two different methods were used to calculate the efficiency of the heat exchange in this 

case. These were the straight method, using all data available and the ε-NTU method. In 

the ε-NTU method, the heat capacity is the same in the nominator and the denominator 

in equation (11) and thus only the temperature terms remain in the equation as given in 

equation (12). This efficiency method, that only considers the temperatures in and out of 

the heat exchanger, is called temperature effectiveness or thermal efficiency.   These 

methods do not vary greatly from each other, due to the values left out being relatively 

small, but there are still observable differences. Looking into this case via two different 

methods we can analyse the effect of different factors to the efficiency and see which 

factors play a big role.  

 

4.2 Data presentation 

Data collected includes the following variables: 

• time: measurement interval 5 minutes, 

• fresh air temperature into the heat exchanger in [C], 

• airflow rate in [l/s], 

• air temperature out of the heat exchanger in [C], 

• fluid temperature into the heat exchanger from the earth circuit in [C], 

• fluid temperature out of the heat exchanger back to the earth circuit in [C] and 

• the flowrate of the fluid in the earth circuit in [l/min].  

 The whole data includes a lot of factors that had to be filtered out, so the analysis would 

be done on steady-state data. Doing this we get rid of the data that does not represent the 

actual performance of the inspected object. This filtered data, from transition ranges, was 

mostly caused by constant shifts in the outside temperatures and the ventilation being 

turned off or on.  
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The cold air comes from outside and it is transferred through the heat exchanger. In the 

heat exchanger the heat is transferred from the warm liquid in the earth circuit to the air 

through the heat exchange elements. The heat exchange elements are around the piping 

of the earth circuit in the heat exchanger. The data was collected with the sensors 

described in the Section 4.1 applying a timestep of 5 minutes.  

Data for this thesis was filtered to reach a clear analysis. The filtered data used in this 

analysis was chosen with different flowrates and with different temperature ranges for 

each individual flowrate. As previously explained, these flowrates were 56, 58.56 and 

64.96 l/s. For these flowrates the selected temperature ranges were -14±0.5, -10±0.5 and 

-5±0.5 C for 58.56 and 64.96 l/s, and -20±0.5, -15±0.5, -10±0.5 and -5±0.5 C for 56 l/s. 

These ranges were chosen to confirm that the data was indeed representing steady-state 

situations, as there were some fluctuations in the flowrates and temperatures.  

Figures have been drawn utilizing the average values of the selected ranges and the 

standard deviation in each point is shown as an error bar or, to make the plots easier to 

analyse, in table after the plot. These values have been plotted in relation to the air 

temperature coming from outside to give perspective upon the function of the heat 

exchanger at different temperatures.  

The points in the plots are mean values of individual ranges (circles) and error bars 

(standard deviation of the data in question). The values in each selected range vary so the 

mean values are seen to be situated in different places along the x and y-axis.  

With the information gained from the used methods we can analyse the ability of the heat 

exchanger to function, adjust to the temperature changes and maintain the outflow 

temperature in cold climates.  

4.3 Constants 

The constant values used in this case study were given with the data or they are average 

values picked so that they represent the situation as good as possible. This is the case for 

the used densities, as density changes as a function of temperature.  



23 

 

The density values were: 

• ρa = 1.292 kg/m3 for air and 

• ρf = 952 kg/m3 for ethanol-water mixture. 

The air flowrates ẇa were given as litres per second [l/s] for the cold side and litres per 

minute [l/min] for the hot side ẇf, so they needed to be converted into square meters per 

second [m3/s] to ensure the correct unit usage in the calculation. The conversions are: 

• 56 l/s → 0.056 m3/s, 

• 58.56 l/s → 0.05856 m3/s, 

• 64.96 l/s → 0.06496 m3/s and 

• 6 l/min → 0.0001 m3/s. 

The values for specific heat capacities were: 

• ca = 1.006 kJ/kg K for air and 

• cf = 4.05 kJ/kg K for the water-ethanol mixture. 

 

4.4 Analysis of the results and discussions 

From the data used in this case study, five figures were generated based on the data 

analysis applying equations presented in Section 2.3. They show the most important 

factors in heat exchanger: Figure 5. heating power generated by the heat exchanger, 

Figure 6. heating power required by the airflow, Figure 7. the straight efficiency, Figure 

8. ε-NTU efficiency and finally Figure 9. the heating results of the heat exchanger in 

practice. 
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Figure 5. Calculated heating power of the heat exchanger’s hot side at different inflow air 

temperatures  

At first, let us investigate the actual heating power generated by the earth circuit into the 

air (Figure 5). Naturally, higher flowrate generates more power as seen in the plot. 

Flowrates 56 l/s and 64.96 l/s can be easily distinguished, and at 58.56 l/s the power seems 

to have values between the other two flowrates.  

With higher flowrate the standard deviation is naturally higher, but in the lower 

temperatures, where only 56 l/s had any datapoints, the standard deviation is also quite 

high due to the scarcity of the occurrence. The averages and standard deviations are 

presented in the Table 1. 
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Table 1. Heating power of the hot side. 

Air inflow [l/s] Temperature [ᵒC] Average [W] Standard deviation [W] 

64.96 -4.96 289 84.9 

 -9.98 611 60.7 

 -13.8 829 45.2 

58.56 -4.86 277 53.1 

 -9.98 572 44.6 

 -14.28 805 44.2 

56 -5 272 70.7 

 -10.03 561 20.1 

 -15.28 853 53.2 

 -20.03 1108 82.1 

 

 

 

Figure 6. Calculated heating power of the heat exchangers cold side at different inflow 

air temperatures  
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Comparing Figures 5 and 6 shows that some of the heating power comes from the 

environment at low temperatures. The energy must come from outside the system under 

inspection in this case study. For example, at -20 C, the difference in heating powers 

calculated from hot and cold sides is about 300 W, greater energy being on the cold side. 

The opposite can be observed at -5 C, where the hot side generates more energy than the 

cold side requires, value is about 180 W higher on the hot side. This is due to the 

temperature differences in the inflow air from outside and the heating effectiveness of the 

earth circuit within these set parameters.  

Heat flows naturally from hot to cold, so results like this are expected. But knowing that 

the heat exchanger is well insulated, the heat flux from or to the environment is minimal 

and the result is highly accurate presentation of the heat exchangers heating power. The 

averages and standard deviations are presented in Table 2.  

 

 

Table 2. Heating power of the cold side 

Air Inflow [l/s] Temperature [ᵒC] Average [W] Standard deviation [W] 

64.96 -4.96 110 56.9 

 -9.98 618 59.3 

 -13.8 1022 45.2 

58.56 -4.86 77 44.3 

 -9.98 546 65.5 

 -14.28 948 44.8 

56 -5 93 67.7 

 -10.03 515 46.7 

 -15.28 981 33.6 

 -20.03 1420 56.1 
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Figure 7. Calculated straight efficiency at different inflow air temperatures 

As seen also in Figures 5 and 6, Figure 7 shows that there is some heat flux present from 

the environment to the cold airflow. The coefficient of performance is over 1 due to the 

straight efficiency equation, where the heating power required by the cold side is divided 

by the heating power generated by the hot side.  

Otherwise the straight efficiency seems to be presentative of the situation, except for the 

flowrate 58.56 l/s having lower efficiency than 56 l/s at -5 C. It should, however, be 

noticed that at -5 C the standard deviation is also higher. Values of straight efficiency 

points and standard deviations can be seen in the Table 3. 
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Table 3. Straight efficiency values  

Air inflow [l/s] Temperature [ᵒC] Average Standard deviation 

64.96 -4.96 0.38 0.145 

 -9.98 1.01 0.065 

 -13.8 1.23 0.057 

58.56 -4.86 0.28 0.179 

 -9.98 0.95 0.106 

 -14.28 1.18 0.043 

56 -5 0.34 0.207 

 -10.03 0.92 0.077 

 -15.28 1.15 0.067 

 -20.03 1.28 0.088 

 

 

Figure 8. Calculated ε-NTU efficiency (Thermal efficiency) at different inflow air 

temperatures. 

The ε-NTU method gives a better look into the actual efficiency of the heat exchanger as 

an individual part of the ventilation process, as it ignores the factors that can cause 

misinterpretations and looks only into the inflow and outflow temperatures compared to 
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the theoretical maximum. This can be seen in Figure 8 as values are way more constant 

compared to the straight efficiency. Also, the lower efficiency for higher flowrates 

compared to the opposite in straight efficiency, can be observed. The variation in this 

method of analysis is minor due to there being only 2 factors affecting the outcome, the 

inflow and outflow temperature. Values for ε-NTU efficiency can be seen in the Table 4. 

Table 4. ε-NTU efficiency values. 

Air inflow [l/s] Temperature [ᵒC] Average Standard deviation 

64.96 -4.96 0.92 0.013 

 -9.98 0.89 0.008 

 -13.8 0.86 0.009 

58.56 -4.86 0.93 0.010 

 -9.98 0.90 0.009 

 -14.28 0.87 0.005 

56 -5 0.94 0.013 

 -10.03 0.90 0.006 

 -15.28 0.88 0.005 

 -20.03 0.86 0.006 
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Figure 9. Air temperatures in and out of the heat exchanger. 

Figure 9 gives a closer look to the achieved temperatures with different outside 

temperatures. The logical assumption, that with higher flowrate, the air has less time to 

heat up, holds up, except for 56 l/s and 58.56 l/s at -5 C. The same factors are affecting 

the result as seen in the straight efficiency plot (Figure 3).  The achieved temperatures 

seem to be presentative of the capabilities of the heat exchanger as a part of the ventilation 

process. Values of the datapoints in the plot can be seen in Table 4. 

 

 

 

 

 

 

 



31 

 

Table 4. Inflow and outflow temperatures in the heat exchanger. 

Air inflow [l/s] 

Cold inflow 

temperature [ᵒC] 

Hot inflow 

temperature [ᵒC] 

64.96 -13.8 1.7 

 -10.0 2.7 

 -5.0 3.7 

58.56 -14.3 1.8 

 -10.0 2.8 

 -4.9 3.9 

56 -20.0 0.5 

 -15.3 1.8 

 -10.0 3.0 

 -5.0 3.7 

 

 

 

 

 



32 

 

 

Figure 10. Ethanol-water mixture temperatures before and after the heat exchanger 

Figure 10 shows the steady flow rate in the earth circuit. The flow rate is always 

constant, in the analysed range, with all the flowrates analysed in this case study. The 

flow rate is low compared to the cold side’s airflow, as the ethanol-water mixture has 

much higher specific heat capacity compared to air.  

The chosen range for this figure is just an example showing the constant flowrate in the 

earth circuit. This plot is made from the 50 first datapoints in 64.96 l/s at -5 C. 

4.5 Observations 

What can be gathered from the presented data analysis results is that the brush-type heat 

exchanger can react to the changes in the weather in cold climate. The heating power 

generated by the heat exchanger is enough to reach high efficiency values throughout the 

temperature range, even at cold temperatures.  

Looking at the actual temperatures reached in practice, it is seen that the heat exchanger 

is functioning in its part to heat up the cold air and it is reaching its presumably pre-set 

temperature values, as the heated temperature values with similar outside temperatures 

are quite similar, with surprisingly little variation.  



33 

 

5 CONCLUSIONS 

The subject of this thesis is brush-type heat exchanger’s performance in detached 

household ventilation in cold climates. The goal of this thesis is to analyse the efficiency 

and the actual performance of the brush-type heat exchanger using data from January 

2018.  

The results indicate that a brush-type heat exchanger can reach the required temperatures 

in the process of heat exchange and that it is able to adapt to the changing weather quickly 

and effectively. The efficiency levels reached are also high even when the outdoor 

temperature is very low, within the limits of the integrated heating process of course.  

The heating power that the heat exchanger achieved on average, with the given 

circumstances, were around 280 W at -5 ᵒC, around 580 W at -10 ᵒC, around 830 W at -

14 - -15 ᵒC and around 1100 W at -20 ᵒC. These heating power values were enough to 

reach required heating.  

The efficiencies reached in the heat exchange were around 93% at -5 ᵒC, 90% at -10 ᵒC, 

87% at -14 - -15 ᵒC and 86 % at -20 ᵒC when calculated based only on changes in 

temperatures. Looking at straight efficiency, the values were around 33% at -5 ᵒC, around 

96 % -10 ᵒC, around 119 % at -14 - -15 ᵒC and around 128 % at -20 ᵒC. The efficiencies 

reached are high taking into consideration the constantly changing cold weather of 

northern Finland. 

The standard deviation associated with the average values calculated reaches low values 

mostly even if the temperature values varied a lot along the measured data. Thus, the 

variation in the performance of the heat exchanger remained low throughout the 

measurement timespan and the heat exchanger was able to produce heating required with 

high consistency. The standard deviation value was the highest with high temperatures as 

the required heating was lower and the higher temperature values were mostly from short 

transient ranges. 
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The efficiency of this type of heat exchanger can vary due to its ability to be shaped to fit 

the available installation space and place. The capabilities of brush-type heat exchanger 

as a part of the ventilation system are high. Inspecting only the heat exchanger gives room 

for error as other parts and factors play a part in the heating too. In this analysis, 

coefficient of performance over 1 was reached with the straight power and efficiency 

analysis, which on the other hand is normal in cold climates as the incoming air is in 

average colder than the surrounding air temperature in the destination. 
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