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Energy performance of combined radiant and convective systems for energy efficient indoor 
environment 

State of the art and short description of the research 

The new directive of the European parliament and council on energy efficiency focuses the biggest 
efforts to reduce the energy consumption by 20% till 2020 within the residential sector: Energy 
Performance Building Directive, EPBD, [1]. With over 40% of the total energy consumed in 
buildings, it is absolutely necessary to find ways to reduce that energy consumption. Denmark has 
implemented the EPBD since 1st January 2006. For many years Denmark has had fairly strict energy 
requirements in the building regulations and an obligatory energy labelling scheme for buildings. At 
present the Danish government imposes even stricter energy performance requirements in 
accordance with the current Danish action plans for an increased 25% energy saving in new 
buildings compared to the requirements before 1st January 2006. Substantial part of the energy used 
in public buildings is for ventilation and air conditioning. Indoor environment is important for 
occupants’ health, comfort and performance and is result of ventilation and air conditioning of 
spaces. The present conventional ventilation and air conditioning systems are not able to provide 
high quality of indoor environment in energy efficient way; often the resulting indoor climate is 
mediocre and poor (draught discomfort, poor air quality, local temperature asymmetry, etc.), and 
does not fulfil the requirements set in the existing standards and guidelines [2, 3]. To follow the 
directive requirements and yet achieve comfortable indoor environment for all occupants new 
ventilation and air conditioning strategies are needed. Two new promising technologies that can lead 
to significant energy savings and comfortable environment for occupants are the chilled beam with 
radiant panels (CBR) and chilled ceiling combined with mixing overhead ventilation (CCMV).  

At present active chilled beams are used widely for ventilation and air conditioning of office 
buildings. They consist of a heat exchanger which is connected to a hydronic cooling system. The 
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primary (outdoor) supply air inducts the room air through the heat exchanger and circulates it back to 
the room (Figure 1a). The use of active chilled beam can decrease the energy consumption because 
less outdoor air needs to be transported and conditioned. Active chilled beams are applicable when 
the required ventilation rate for removal of the heat load from occupied spaces is much higher than 
that needed for removal of pollutants (generated from building material, furniture, humans/human 
activities, etc.) or moisture: a situation typical for present day offices. Up to 20% energy savings can 
be realised using active chilled beam for cooling [4] compared to the traditional mixing ventilation 
and air conditioning by air only. In rooms with active chilled beams occupants’ thermal comfort is 
achieved mainly due to convective heat exchange between human body and the air movement 
generated by the chilled beam. Recently an active chilled beam with incorporated radiant panel 
(CBR) has been developed to remove part of the heat load and to reduce the operative temperature in 
the occupied zone (Figure 1b). In this way the convective heat exchange which consumes more 
energy is reduced to minimum. It is expected that the new system will lead to further energy savings. 
However the performance of such system with regards to the generated indoor environment and 
energy consumption has not been studied.  

a) b) 
Figure 1. Schematic diagram of a) active chilled beam (CB), b) active chilled beam with radiant 
panel (CBR). 

The second strategy, chilled ceiling combined with overhead mixing air distribution (Figure 2), 
referred in the following as CCMV, has been promoted during the last years. In this design radiant 
panels attached to the frame of a false ceiling are used to provide radiant cooling to the occupied 
zone. The ventilation air supplied from ceiling diffusers is discharged tangentially along the ceiling. 
The supplied ventilation air is cooled when its temperature is higher than the surface temperature of 
the radiant panels. The operative temperature in the occupied zone will decrease. It is expected that 
transporting part of the cooling energy by water to provide radiant heat exchange in the room and at 
the same time to cool the ventilation air will decrease the energy consumption. However this effect 
has not been documented.  
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Figure 2. Schematic diagram of chilled ceiling with mixing background ventilation (CCMV). 

In rooms with CBR or CCMV the operative temperature will be lower than the air temperature due 
to the cooler surfaces of the radiant panels than ambient air. Occupants’ thermal comfort will be 
provided partly by radiant heat exchange from the body. However room occupants will be exposed to 
non-uniform thermal environment with more cooling of the upper body part, i.e. the head region. The 
impact of vertical radiant temperature asymmetry on people’s thermal comfort is known, however 
the impact of the non-uniform thermal environment as generated in rooms with CBR and CCMV due 
to combined impact of vertical radiant asymmetry and convective body cooling on peoples’ thermal 
comfort and perceived air quality has not been studied. This is in the focus of ongoing research at 
DTU, Department of Civil Engineering. In order to justify the application of CBR and CCMV in 
buildings the energy saving must be documented. This is in the focus of the present research 
proposal.  

Objectives of the research 
 
The overall objectives of this research are to characterise and document the indoor environment and 
energy savings that can be achieved in buildings with CBR and CCMV in comparison with the used 
at present traditional methods of ventilation, such as mixing ventilation. 

The specific objectives are:     

1) to collect comprehensive database of physical measurements comprising indoor environment 
and operation conditions of CBR, CCMV and mixing ventilation under different level and 
distribution of the heat load in a room with well-defined boundary conditions;  

2) to compare the performance of the methods with regard to indoor environment;   
3) to perform simulations (using the collected database) and to identify the energy performance 

of the CBR and CCMV methods as compared to present ventilation practices, i.e. mixing 
ventilation;  

4) to develop requirements and optimal strategy for implementation of the two systems in 
practice. 
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Qualification and contribution to previous research 

The leading researcher is experienced in the field of advanced energy efficient ventilation in 
occupied spaces for improved air quality and thermal comfort of occupants. His CV is included in 
Appendix 1.  His publication list is included in Appendix 2. 

As already mentioned this research will complement the on-going research on human subject 
perception to indoor environment generated with CCMV and CBR. The results of the present 
research on energy performance of the two systems will compliment the results on human response 
and will make it possible for better assessment of the advantages of the CBR and CCMV methods 
and to define optimal strategies for their implementation in practice. 

Research plan  

This research will consist of four tasks described in the following:  

Task 1: Physical measurements and analysis 

This task will study the impact of CBR and CCMV on the indoor environment under summer 
conditions, when the operative temperature in the occupied zone of the room is set to the maximum 
allowed value by the present standards, i.e. 26 oC. Indoor parameters affecting the thermal and air 
quality performance of the two systems will be measured and compared to that achieved with mixing 
ventilation (CB with no radiant panel installed). The supply and exhaust air temperature and flow 
rate, as well as water supply and exhaust temperature and flow rate for the CBR and CCMV, surface 
temperature of the ceiling and the radiant panels (in the case of CBR and CCMV), the surface 
temperature of the window and the floor area used for solar load simulation will be measured. The 
indoor environment generated by the systems will be identified in comprehensive measurement of air 
temperature, operative temperature, air velocity and radiant temperature asymmetry in the occupied 
zone. Wall and floor temperature in the room as well as air and wall temperature outside the room 
will be measured. Heated dummies, lighting, direct solar load on windows and other heat load will 
be simulated. Thermal manikins will be used to measure the heat loss from the whole body and the 
heat loss from individual body segments. The results obtained with the manikin will be analysed 
together with the data from the on-going human subject experiments at DTU. The measurements will 
be performed for low and high heat load as well as different heat load distribution, e.g. two layouts: 
cubicle cell office layout and landscape set-up with more the two occupants. The position of the 
occupants relative to the CBR (i.e. directly below or away from it) and to the simulated warm 
window (summer outdoor conditions) will also be investigated. The supplied air flow in the room 
will be the minimal one required to remove the pollutants from the ambient air based on standard 
requirements [2], when testing either CBR or CCMV. The aim will be by changing the operation 
conditions to obtain acceptable thermal environment in the occupied zone as recommended in the 
standards and guidelines, [2, 3]. As a result a detailed database for indoor environments generated by 
CB, CBR and CCMV will be created. The measured parameters (boundary conditions) in this task 
would be used as input to Task 2, namely the energy simulations. 
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Task 2: Energy performance  

Energy performance analysis including calculations and dynamic simulations with commercially 
available software programmes (BSim, IDA and Trnsys) will be performed to identify the energy 
savings with CBR and CCMV in comparison with mixing ventilation (CB). The aim will be to see 
the energy saving potential of CBR and CCMV when implemented in practice in comparison with 
mixing total volume ventilation when acting alone. The conditions and the results measured in Task 
1 (heat load, system operation, indoor environmental parameters, etc.) will be used.   

The simulations will be conducted for one summer season in order to identify the performance of 
CBR and CCMV under cooling conditions. Impact of several parameters, such as background 
ventilation rate, outdoor temperature and humidity, number of occupant etc. on the energy saving 
with CBR and CCMV will be examined by series of simulations. Due to the limited funding and time 
the simulations will be performed for the climate in Denmark only. Simulations for other climatic 
conditions, such as tropical coastal climate (Singapore) and tropical desert climate (Tel Aviv, Israel) 
will be performed in the future if funding is available.  

Task 3: Recommendations for implementation in practice 

As a result from Task 1 and Task 2 design strategies for implementation of the CBR and CCMV 
methods in energy efficient way in offices will be outlined. Based on the results obtained in Task 1, 
Task 2 and the results from the on-going human subject experiments, recommendations for the 
design of acceptable energy efficient indoor environment in rooms with CBR and CCMV will be 
developed. 

Task 4: Website, reporting, dissemination of results and education  

A website will be established at the beginning of the project. The website will be updated 
continuously. Final report on the results of this study will be produced. It is expected that at least one 
peer-reviewed journal paper and two conference papers will be published. The results will be 
reported in professional journals (HVAC Magasinet, Scanvac Newsletter, REHVA Journal, 
ASHRAE Journal) as well as during workshops and meetings of HVAC society members in 
Denamrk (DANVAK). In all publications the financial support of the Bjarne Saxhof’s Fond will be 
acknowledged.  

It is expected that two M.Sc. students, supervised by the applicant, will be involved in the project. 

Practical implications  

Important practical implications of this study is that it will define a way for possible savings 
following the EU directive on energy efficiency [1] through decreased energy consumption in the 
building sector, help improve the overall indoor environment and last but not least provide the 
ventilation engineers and consultants with necessary design recommendations. The testing facility 
with CB, CBR and CCMV can be used for teaching in existing courses, i.e. 11123 “Experimental 
methods in building energy and indoor environment” and individual courses at the Department of 
Civil Engineering (BYG) at DTU.  
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Experimental facilities 

A test room with CCMV (radiant panels occupying 70% of ceiling area) and CBR has been created 
for the ongoing human subject experiments. Either CBR or CCMV can be used at a time in the 
facility. The CBR can be mounted or dismounted depending on the studied case. The chamber is 
made to realistically recreate direct solar heat gains from windows and indirect solar heat load from 
sun-heated floor. The sophisticated control system allows for fine adjustment and control of 
supply/exhaust water/air temperature of the systems used: water cooling or air ventilation systems 
for both CCMV and CBR. Two thermal manikins are available and will be used to realistically 
recreate the sensible heat loss from a human in a state of thermal comfort performing light sedentary 
activity (office work). The manikins have the realistic body shape and the size of an average woman. 
Additional heat load from humans will be simulated via heated dummies with heat flux that is close 
to that of a real human.  

The Centre has also expertise in energy simulations and has several energy simulation software 
packages: BSim 2008, IDA and Trnsys 17. 

References 

[1] Commission Staff Working Paper 2011, Directive of the European Parliament and of the Council 
on energy efficiency and amending and subsequently repealing Directives 2004/8/EC and 
2006/32/EC, Brussels, 22.6.2011, SEC(2011) 779 final; 

[2] EN 15251- 2007, Indoor environmental input parameters for design and assessment of energy 
performance of buildings addressing indoor air quality, thermal environment, lighting and 
acoustics; 

[3] CEN CR 1752, 1998. Ventilation for Buildings: Design Criteria for the Indoor Environment. 
[4] UNIVERSITY of North Carolina at Chapel Hill. School of Medicine, Active chilled beam 

cooling reduces energy usage 20% in genomics lab, Engineered Systems; Oct2009, Vol. 26 Issue 
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Work schedule and timetable 

The work in this research is divided in four tasks. There will be synergy in the work planned to be 
performed in each task. Each task will provide results needed in the following tasks. For example in 
Task 1 the indoor environment and system operation conditions will be used in the energy 
simulations performed in Task 2. The results obtained in Tasks 1 and 2 (air operative temperature, 
water supply temperature, water flow rates, etc.) will be used as an input data for the development of 
the design recommendations in Task 3.  

The dissemination of the obtained results will start already after each task is accomplished. The first 
publication will include the results from Task 1 and will be accomplished at the beginning of the 
second project year. The expected number of publications is listed in Table 1. A website of the 
project will be established at the project start.   

This research is planned for a period of one year and nine months. The duration of the different tasks 
is shown in Table 1. In the table the time of reporting and expected publications is identified. 

Work Schedule and Time Table 

The project will last 1 year and 9 months and can commence as early as September 1, 2012. The 
following shows the time table with different activities in different project phases.  

Table 1.  Timetable of the proposed research  
Task Year 1 Year 2 
Task 1: Physical measurements and analysis        
Task 2: Energy simulations and analysis        
Task 3: Recommendations for implementation in 
practice        
Task 4: Website, reporting, dissemination of 
results and education        
     4.1 Website         
     4.2 Reporting       F 

     4.3 Publications    C   C, P 

     4.4 Education: M. Sc. students supervision        

Legend: F – final report, P – peer review publications, C – conference papers. 
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Budget 

The ICIEE will finance the project by providing the climate chambers, the instrumentation and the 
software programmes. The price is set at 500 DKK price per hour for 300 experimental hours in 
total. 
Budget OVERALL for whole project 

Requested amount 
Self-financing 
(DTU, BYG) 

Budget 
total 

Scientific Personnel 386.384   90.102 476.486 
Technical Assistance (external and DTU)   21.295   42.590   63.885 

Conferences, travel, publications   20.000            0   20.000 

Use of experimental facilities 
Consumables 

           0 
  30.000 

150.000 
           0 

150.000 
  30.000 

Total, DKK 457.679 282.692 740.371 

Overheads 20%   91.536 -----------  

TOTAL + Overheads, DKK 549.215 282.692 831.907 

 
Expenses for Scientific Personnel: Detailed Budget in men months 

Activity 

Requested amount 
Zhecho D. Bolashikov 

Self-financing 
Arsen K. Melikov 

men months Sum, DKK men months Sum, DKK 

Task1: Physical measurements and 
analysis 

4 169.691 0,5 29.835

Task 2: Energy simulations and 
analysis 

3 127.268 0,5 29.835

Task 3: Recommendations for 
implementation in practice 

2 89.425 0,5 30.432

Task 4: Website, reporting, 
dissemination of results and education 2,5* - N.A. -

Total 9 386.384 1,5   90.102

Overheads 20%   77.277    -----------
TOTAL + Overheads 463.661  90.102

*The activities in Task 4 are part of the other three tasks and the salary of the applicant for these 2.5 man months is 
calculated within the man months of Tasks 1, 2 and 3. 
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Appendix 1: Curriculum Vitae and List of Publications of the Leading Researcher 

Name:   Zhecho Dimitrov Bolashikov  

Born:  30th of June 1976, Bourgas, Bulgaria 

Citizenship:   Bulgarian  

Residence:   Denmark   

Address:   Dag Hammarskjölds Allé 23, 2th, -4, 2100 København Ø 

Education:  

 Ph.D. degree – Danish Technical University, Denmark, 2010; 

 M.Sc. degree in Heat and Mass Transfer – Technical University of Sofia, 
Bulgaria, 2006; 

 B.Sc. degree in Industrial Engineering – Technical University of Sofia, 
Bulgaria, 2002; 

Employment:  

2010-date:      Research Associate, International Centre for Indoor Environment and Energy 

  Department of Civil Engineering, Technical University of Denmark (DTU),  

  Nils Koppels Alle, Building 402. Room 232, DK 2800 Lyngby, Denmark 

                Tel.: +45 4525 4032; E-mail: zdb@byg.dtu.dk; 

2009-2010:   Research Assistant, International Centre for Indoor Environment and Energy,   

  Department of Civil Engineering, DTU, Denmark; 

2006-2009:   Ph.D. Candidate, Department of Civil Engineering, DTU, Denmark; 

2006-2006:  Heating Ventilation and Air-conditioning group supervisor - MCE 
Gebaudetechnik Bulgaria GmbH; 

2004-2006:     Heating Ventilation and Air-conditioning designer - Energoproekt Plc. 
(September 2004- March 2006). 

Awards and Honors: 

Best Ph.D. study at the Department of Civil Engineering at the Technical University of Denmark 
for 2010; 

Managing Director Peter Grom-Petersen’s Grant 2010 – a grant awarded to a young researcher that 
has done an extraordinary effort, and who has great potential for further development; 

Professor P.Ole Fangers Forskningslegat, DANVAK, 2010; 



 
 
 

Number 3 of Top 25 most downloaded articles in Elsevier for the period April-June 2009; 

Awarded for top performance during the M.Sc. Education Course (2006);  

Awarded for top performance during the B.Sc. Education Course (2002). 

Key Research Topics: 

Personalized Ventilation 
Advanced Energy Efficient Ventilation Strategies 
Control of Flow Interaction 
Airborne Transmission of Infectious Disease 
Cleansing Ventilation Methods 
Human Response to Indoor Environment 
Hospital Ventilation 

Teaching Experience: 

Teaching in 4 courses for students at DTU; 

11221, Ventilation and Climatic Systems  
11222, Indoor Climate 
11123, Experimental Methods in Building Energy and Indoor Climate 
41822, Experimental Fluid Mechanics 

Teaching areas: Indoor Climate, Ventilation and Air-conditioning, Flow Measurements and 
Experiments. 

Supervision of M.Sc. and Ph.D. students and Postdoc researchers: 

M.Sc. Students: 6 

Publications: 

Total number of peer reviewed international journal papers: 5 
Total number of peer conference papers: 21 
Total number of other scientific publications: 2 

Projects participation: 

Human response to combined radiant and convective cooling from exposed chilled beams 
with/without radiant panel and chilled ceiling with mixing ventilation, Halton Group, Finland, 
2011 – 2012. 

Ductless personalized ventilation – a novel method of air distribution in spaces (human response 
and energy performance), Danish Research Council for Technology and production, 
Denmark, Contract Nr. 09-070621, 2010 – 2013. 



 
 
 

Efficient air distribution methods, Danish Research Council for Technology and production, 
Denmark, Contract Nr. 09-064227, 2010 – 2013 

 
Society Membership: 

Danish Society of Heating, Ventilating and Air Conditioning Engineers (DANVAK). 
International Society of Indoor Air Quality and Climate (ISIAQ)  
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Appendix 2: Publication List 

 
Publications during the last five years (January 2006 – December 2012) 
 

 
 

a) b) 
Figure: Total number of publications from 2006 until 2011 a) by type of publication, b) by years; 

Peer reviewed papers in international journals: 

Bolashikov Z.D., Melikov A.K., Kierat W.,  Popiołek Z. and Brand M., 2011, Exposure of health 
care workers and occupants to coughed airborne pathogens in a double bed hospital patient 
room with overhead mixing ventilation, submitted to HVAC&R Research. 

Bolashikov Z.D., Melikov A.K., Krenek M., 2010, Control of the Free Convective Flow around the 
Human Body for Enhanced Inhaled Air Quality: Application to a Seat-Incorporated 
Personalized Ventilation Unit, HVAC&R Research, Vol. 16, Issue.2, pp 161-188.  

Bolashikov Z.D. Melikov A.K., Krenek M., 2009, Improved Performance of Personalized 
Ventilation by Control of the Convection Flow around Occupant Body, ASHRAE 
Transactions, Vol. 115, Part 2, Paper ID: LO-09-038. 

Bolashikov Z.D. and Melikov A.K., 2009, Methods for air cleaning and protection of building 
occupants from airborne pathogens, Building and Environment Journal, 44 (7), p.1378-1385; 

Kaczmarczyk J., Melikov A.K., Bolashikov Z.D., Nikolaev L., Fanger P.O., 2006, Human response 
to five designs of personalized ventilation, HVAC&R Research Journal, vol: 12, 2, p. 367-
384. 

Peer reviewed conference papers: 



 
 
 

Bolashikov Z.D., Nagano H., Melikov A.K., Velte C. and Meyer K.E., 2012, Airflow characteristics 
in the breathing zone of a seated person using desk incorporated pair of confluent jets as 
personalized ventilation - effect of supply velocities, submitted to Healthy Buildings 2012, 
Brisbane, Australia; 

Bolashikov Z.D., Nagano H., Melikov A.K. and Kato S., 2012, Inhaled air quality with desk 
incorporated personalized ventilation (PV): parametric study, submitted to Healthy Buildings 
2012, Brisbane, Australia; 

Bolashikov Z.D., Melikov A.K., Kostadinov K., Kierat W. and Popiołek Z., 2012, Exposure of 
health care workers and occupants to coughed air in a hospital room with displacement air 
distribution: impact of ventilation rate and distance from coughing patient, submitted to 
Healthy Buildings 2012, Brisbane, Australia; 

Bolashikov Z.D., Nagano H., Melikov A.K., Velte C. Meyer K.E., 2011, Airflow characteristics at 
the breathing zone of a seated person: passive control over the interaction of the free 
convection flow and locally applied airflow from front for personalized ventilation 
application, Roomvent 2011, Norway, Trondheim, Paper ID: 268. 

Bolashikov Z.D., Melikov A.K., Velte C. Meyer K.E., 2011, Airflow characteristics at the breathing 
zone of a seated person: interaction of the free convection flow and an assisting locally 
supplied flow from below for personalized ventilation application, Roomvent 2011, Norway, 
Trondheim, Paper ID: 272. 

Melikov A.K., Bolashikov Z.D. Nagano H., Velte C., Meyer K.E., 2011, Airflow characteristics at 
the breathing zone of a seated person: Active control over the interaction of the free 
convection flow and locally applied airflow from front for personalized ventilation 
application, Roomvent 2011, Norway, Trondheim, Paper ID: 278. 

Bolashikov Z.D., Melikov A.K., Georgiev E., Exposure to exhaled air from a sick occupant in a 
two-bed hospital room with mixing ventilation effect of distance from sick occupant and air 
change rate, Indoor Air 2011, Texas, USA, Paper ID: 1037. 

Melikov A.K., Bolashikov Z.D., Georgiev E., Novel ventilation strategy for reducing the risk of 
airborne cross infection in hospital rooms, Indoor Air 2011, Texas, USA, Paper ID: 877 

Melikov A.K., Bolashikov Z.D., Georgiev E., 2010, Experimental investigation of performance of a 
novel ventilation method for hospital patient rooms, 21st Congress of International Federation 
of Hospital Engineering (IFHE), Tokyo, Japan. 

Bolashikov Z.D., Kierat, W., Melikov A.K., Popiołek, Z., Exposure of health care workers to 
coughed airborne pathogens in a hospital room with overhead mixing ventilation: impact of 
the ventilation rate and the distance downstream from the coughing patient, IAQ 2010: 
Airborne Infection Control – Ventilation, IAQ & Energy, Paper ID: TOPC-00126-2010, 
November 10th - 12th 2010, Kuala Lumpur, Malaysia. 

Kierat W., Bolashikov Z.D., Melikov A.K., Popiołek, Z., Exposure to coughed airborne pathogens 
in a double bed hospital patient room with overhead mixing ventilation: impact of posture of 
coughing patient and location of doctor, IAQ 2010: Airborne Infection Control – Ventilation, 
IAQ & Energy, Paper ID: TOPC-00128-2010, November 10th - 12th 2010, Kuala Lumpur, 
Malaysia.  



 
 
 

Melikov A., Bolashikov Z., Kierat W., Popiolek Z., Brand M., 2010, Does Increased Ventilation 
Help Reduce Cross-Infection in Isolation Hospital Wards?, Clima 2010, Turkey, Antalya, 
Paper ID: R7-TS39-OP02. 

Nagano H., Bolashikov Z. D., Melikov A. K., Meyer K. E. and Kato S. 2009. Control of the Free 
Convection Flow within the Breathing Zone by Confluent Jets for Improved Performance of 
Personalized Ventilation: Part 1 – Thermal Influence, Proceedings of Healthy building 2009, 
Syracuse. NY. USA. September 13 to 17, 2009 

Bolashikov Z. D., Nagano H., Melikov A. K., Meyer K. E. and Kato S. 2009. Control of the Free 
Convection Flow within the Breathing Zone by Confluent Jets for Improved Performance of 
Personalized Ventilation: Part 2 – Inhaled Air Quality, Proceedings of Healthy building 2009, 
Syracuse. NY. USA. September 13 to 17, 2009 

Bolashikov Z.D., Melikov A.K., Krenek M., 2009, Improved Performance of Personalized 
Ventilation by Control of the Convection Flow around an Occupant’s Body by Optimized 
Furniture Design, Roomvent 2009, Busan, South Korea, Paper ID: S0275. 

Bolashikov Z.D., Melikov A.K., Krenek M., 2009, Control of the Free Convection Flow around a 
Seated Occupant for Better Air Quality Performance of Personalized Ventilation, Roomvent 
2009, Busan, South Korea, Paper ID: S0130 

Zhu S., Bolashikov Z.D. and Melikov A.K., 2008, Examination on performance of headset 
incorporated personalized ventilation unit using CFD method, Indoor Air 2008, 17-22 August 
2008, Copenhagen, Denmark, Proceedings - Paper ID: 1018; 

Bolashikov Z.D., Melikov A.K., 2007, Methods for indoor air disinfection and purification from 
airborne pathogens for application in HVAC systems, The 6th International Conference on 
Indoor Air Quality, Ventilation & Energy Conservation in Buildings IAQVEC 2007, 
October 28-31 2007, Sendai, Japan, article N 100967, Proceedings p. 565-573; 

Naydenov, K.G., Markov D., Mustakov T., Melikov A.K., Popov T., Stankov P., Bornehag C-G., 
Pichurov G., Bolashikov Z.D., Sundell J., 2006, Validation of self-reported health symptoms 
and housing characteristics in the ALLHOME project, Healthy Buildings 2006, June 4-8 
2006, Lisbon, Proceedings, p.3; 

Naydenov K., Sundell J., Melikov A.K., Stankov P., Popov T., Markov D., Mustakov T., Pichurov 
G., Bolashikov Z.D., Bornehag, C-G, Environmental tobacco smoke and health symptoms 
among children in the ALLHOME study, ERS 16th Annual Congress, 2006, Munich, 
Germany, Proceedings; 

Jankova R., Naydenov K. Georgiev, Sundell J., Melikov A.K., Stankov P., Popov T., Markov D., 
Mustakov T., Pichurov G., Bolashikov Z.D., Bornehag C-G., Composition and diversity of 
biological indoor allergens in mattress dust: ALLHOME study, phase 2, 8th International 
Congress on Aerobiology 2006, Neuchâtel, Switzerland 21 - 25 August 2006, Proceedings; 

Others: 
Patent application for Hospital Ventilation Unit – Filed on 17th of July 2009 – Patent ID for DTU: 

92429 – 09, Europe (EP 09165736.1) and USA (US 61/226,542). 



 
 
 

Bolashikov Z.D., 2010, Advanced Methods for Air Distribution in Occupied Spaces for Reduced 
Risk from Air-Borne Diseases and Improved Air QualityPh.D. thesis, R-239,BYG, DTU, 
Denmark  
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