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Abstract— The traditional room heater uses a heating element 

to heat with a fan or blower to spread the heat in the 

surrounding space within the room. This research work looks 

into the possibility of enhancement in the heat for the air 

passing over the heating elements of the room-heating device. 

The constraint of maintaining the power input as the existing 

and keeping the pressure drop in reasonable range. The higher 

amount of the heat transferred to the air flowing over the 

heating element shall help in realizing higher efficiency of the 

product and improve the perception over the utility device. 

The methodology applied for the work entails developing 

baffles across the filament to aid higher rate of heat transfer 

and minimize pressure drop. This variant shall be analyzed 

using Analytical/ Numerical techniques. The work shall 

evaluate the problems while also deploying suitable 

Mathematical model or any other Statistical tool for data 

analysis. The variant has been developed for physical 

experimentation in an effort to validate the findings during 

the analytical phase of work. Tools like DFA for improving 

the configuration of the room-heater shall be further dealt 

within the scope of `Product Design and Development’. 
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I. INTRODUCTION 

The process of increasing effectiveness of heat exchanger is 

known as heat transfer enhancement. Heat transfer 

enhancement techniques are classified into three categories 

passive, active and compound techniques. In passive method 

heat enhancement is achieved by surface or geometrical 

modifications to the flow channel by incorporating inserts or 

additional devices. In passive techniques there is no external 

power as a direct input. Instead they modify the surface or 

geometry of the flow channel, or they use an insert, material 

or additional device. Few examples of passive methods are 

treated surface, rough surface, extended surface etc. In active 

method external power input is required to achieve the 

required heat enhancement. Few active methods fluid 

vibration, injection, suction etc. Compound enhancement 

combines two or more active and/or passive techniques 

together. 

The heat transfer enhancement results in effective 

energy, material and cost saving. With heat transfer 

enhancement techniques thermal resistance is reduced 

resulting in higher convective heat transfer coefficient with 

or without increase in surface area. This results in reduced 

size and weight of equipment. 

Heat transfer enhancement is required in many 

industrial, commercial and domestic applications. For 

example steam generation and condensation in power and 

cogeneration plants, sensible heating and cooling of viscous 

media in thermal processing of chemical, pharmaceutical and 

agricultural products, refrigerant evaporation and 

condensation in air conditioning and refrigeration, gas flow 

heating in manufacturing and waste heat recovery, air and 

liquid cooling of engine and turbomachinery systems, cooling 

of electrical machines and electronic devices. 

With the improvement in the performance of room 

heater, the other tool like DFA is used for better configuration 

of room heater. In any product development an assembly is 

an important stage and it accounts for one third of the 

company labor. When number of parts are reduced, the time 

and efforts required to make an assembly are reduced and the 

product is simplified. It not only account for cost of assembly 

operation, designing for assembly has many benefits few of 

which are listed below. 

 When a product is simplified, it becomes easier to 

assemble in the factory and to disassemble when 

maintenance, repair, or disassembly for recycling is 

required. 

 Simpler the assemblies sooner they can be brought to 

market as it has fewer parts to design, procure, inspect, 

and stock with less probability that a delay will occur. 

 With reduction in number of parts there will be fewer 

engineering and production-control documents, lower 

inventory levels, reduced need for inspection and 

quality-control documents, fewer setups, less materials 

handling, and probably, reduced purchasing workload. 

II. LITERATURE REVIEW 

Munish Gupta, Neeti Arora, Rajesh Kumar, Sandeep Kumar, 

Neeraj Dilbaghi et al. [1] focuses on how nanofluids enhances 

the heat transfer. Most of the experimental studies showed 

that nanofluids demonstrate an improved heat transfer 

coefficient compared to its base fluid. Further it increases 

significantly with increasing concentration of nano-particles 

as well as Reynolds number. Mazen M. Abu-Khader et al. [2] 

discusses the characteristics and performances of twisted tape 

as a heat enhancement tool both in retrofit and new design of 

shell and tube heat exchangers. M. A. Habib, S. A. M. Said, 

A. A. Al-Farayedhi, S. A. Al-Dini, A. Asghar, S. A. badebo 

et al. [3] studied heat transfer characteristics of pulsated 

turbulent pipe flow under different conditions of pulsation 

frequency, amplitude and Reynolds number .P. C. Mukesh 

Kumar, J. Kumar, R. Tamilarasan, S. Sendhil Nathan S. 

Suresh et al. [4] studied Heat transfer enhancement and 

pressure drop analysis in a helically coiled tube using Al2O3 

/ water nanofluid. S. V. Patil, P. V. Vijaybabu et al. [5] 

worked on friction factor and heat transfer characteristics of 

a square duct fitted with twisted tapes of different twist ratios 

at nearly uniform wall temperature conditions. A. Klaczak et 

al [6] worked on heat transfer by laminar flow in a vertical 



Developing the Product - Room Heater - using DFA for Evaluation of the ‘Design Phase’ while enhancing the Heating Efficiency for its Functional Attribute 

 (IJSRD/Vol. 5/Issue 06/2017/160) 

 

 All rights reserved by www.ijsrd.com 656 

and horizontal pipe with twisted tape inserts. Zhiwei Tang, 

Aijie Liu et al. [7] studied two phase flow characteristics of 

the evaporator and the condenser as well as their influence on 

heat transfer on the basis of simplified analysis.  

III. PROBLEM DEFINITION 

The room heater, in our case, is expected to heat the ambient 

air within closed space (room) for creating a comforting 

ambience in the colder seasons. The human body gets a 

feeling of warmth while one is exposed to this 'treated' space. 

The room heater uses a heating element in the form of spiral 

wound thin filament that uses local heating effected due to 

restricted cross section of the filament. The air picks up the 

heat while it flows over the heated filament. The blower 

placed at the rear of the heating element can be used to 

manipulate the mass flow rate of the air passing through the 

section of element laid out across the direction of the flow of 

air.  

The problem to be dealt with for our thesis work 

refers to the rate of heat transfer from the heating element to 

the passing air. Higher the rate of heat transfer better would 

be the performance of the device in terms of picking up the 

additional heat and raising the perception of comfort for the 

user. The catch here, is although, to enhance the heat transfer 

within the space of the filament in the path of the blower. This 

would improve the quantum of heat reaching directly to the 

user instead of the stray or lost heat around the device getting 

diffused to the subjected space by slower convection. 

The Product Design and Development aspect shall 

be evaluated using 'DFM/DFA'. The type and placement of 

heating element and the supporting plates, the assembly 

aspect applicable for the new additions to the bill of material 

as the introduction of baffles in the functional space shall be 

assessed for feasibility and ease of assembly. 

IV. OBJECTIVES 

 Study the current application and replicate using a 

simplified representation of the working conditions. 

 Develop a physical prototype representing the 

application. 

 Run a trial to benchmark the performance of the current 

application. 

 Deploy mathematical modeling for preliminary 

assessment 

 Determine alternative arrangements in the path of air for 

room heater by introducing baffles to improve 

performance of room heater. 

 Deploy Analytical tools for modified geometry that is 

use of ‘U type baffle’. 

 Validate, using a physical prototype, the data secured 

from the two differing methodologies employed for the 

work. 

 Record temperature/ heat enhancement by virtue of the 

change. 

 Recommend improved alternative to the existing 

application 

V. EXPERIMENTATION 

A. Experimental Set Up  

The apparatus consists of a room heater and the stand which 

holds copper wire. The stand is placed at a distance of 50mm 

from the heater. This specific arrangement of stand is used to 

measure the outlet temperature of air. An infrared 

thermometer is used to measure the temperature of air blown 

over the heating element and subsequently over the copper 

wire. An infrared thermometer is also known as laser 

thermometer or non-contact thermometer or temperature gun. 

These thermometers are used in a hospital for measuring 

temperature of patient without touching them, checking 

heater or oven temperature, for checking mechanical or 

electrical equipment for temperature and hot spots and also 

for calibration and control. The room heater used is a Bajaj 

Blow Hot 2000 watt portable room heater. It has two heat 

settings 1000w or WARM and 2000w or HOT. The main 

components of room heater are the blower for forced air 

circulation and the spiral heating element. The blower placed 

at the rear of the heating element can be used to manipulate 

the mass flow rate of the air passing through the section of 

element laid out across the direction of the flow of air. 

Temperatures are measured for original (benchmark) 

arrangement and the variant of baffle geometry which is 

studied using analytical method. 

 
Fig.  1: Experimental set up 

B. Procedure  

Air is effected to flow over the heating element. The heating 

element is in the form of spiral wound thin filament. The 

power input given is 2000 W. The blower placed at the rear 

of the heating element can be used to manipulate the mass 

flow rate of the air passing through the section of element laid 

out across the direction of the flow of air. Temperature is 

measured for the original arrangement of the room heater. The 

procedure is repeated for the modified geometry. 

Experiments are performed at constant power input and 

constant mass flow rate. 

C. Sequence of Operations 

Experiment is carried out first on the baseline physical model, 

then on the modified geometry. The modified geometry 

consists of the ‘U type baffles’ inserted in between the 

heating elements. 

1) Original arrangement 

Initially the experiment is conducted with original 

arrangement of heating element in the heater. The working 

fluid, air flows over the heating element with power input 

2000 W and mass flow rate 1.5m/s. 
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Fig.  2: Original arrangement 

 
Fig. 3: Multiple views of 3D model-original 

arrangement 

D. Baffle – Modified Geometry 

For modified geometry, initially the CFD analysis is 

performed. To validate the results obtained by CFD analysis, 

experimentation is done with same power input and same 

mass flow rate as used in original arrangement. 

 
Fig. 4: Modified Geometry 

 
Fig. 5: 3D model with modified geometry 

E. Components 

1) Room Heater 

 
Fig. 6: Room Heater 

Bajaj Blow Hot is a 2000 watt portable room heater. This 

device is smaller and since it has adjustable height it is ideal 

for easy mobility. The room heater also comes with a hot 

blower for forced air circulation. The Automatic thermal 

safety cutout built into the room heater ensures safety to the 

people around it and the environment it is in by preventing 

overheating and the damage from it. The body material of 

room heater is ABS, which provides high impact resistance 

and toughness, and its grille material is plastic. The sturdy 

room heater’s operation is noiseless. The Bajaj blow hot fan 

room heater has two heat settings so user can choose the 

option as desired. The heater comes with built in indicator 

light to give information about its functionality and status to 

the customer. It is provided with fan. The user has choice to 

turn it on or off. The auto-revolving heater of the device 

ensures that the entire room is sufficiently provided with the 

desired warmth. The voltage and power requirements of this 

room heater are 230 V and 50 Hz. 

2) Infrared Thermometers 

 
Fig. 7: Infrared Thermometer 

An infrared thermometer also known as laser 

thermometer or non-contact thermometer or temperature gun. 

The design of an infrared thermometer consists of a lens. This 

lens is used to focus the infrared thermal on to a detector. A 

detector converts the radiant power into an electrical signal. 

This signal can be displayed in units of temperature after 

being compensated for ambient temperature. The design of 

this thermometer permits temperature measurement from a 

distance without contact with the object to be measured. This 

kind of thermometers are used for measuring temperature 

under typical circumstances where it is not possible to use 

thermocouples or other probe-type sensors or they do not 

produce accurate data for a variety of reasons. Non-contact or 

Infrared thermometers are used in a wide variety of 

temperature monitoring functions. These thermometers are 

used where direct contact with object is not possible or not 

desirable like in remote telescope operation for detecting 

clouds and for measuring temperature of patients in hospitals 

without touching them. They are also used for checking 

heater or oven temperature, checking for hot spots in 

firefighting. They are used for control and calibration 

https://en.wikipedia.org/wiki/Detector
https://en.wikipedia.org/wiki/Electrical
https://en.wikipedia.org/wiki/Thermocouples
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3) Blower 

 
Fig. 8: Blower 

The room heater is provided with a blower for forced air 

circulation. The user has a choice to turn it on or off using a 

fan switch in the heater. The air enter the blower axially and 

discharged radially over the heating elements. 

4) Heating Elements 

The room heater uses heating element in the form of spiral 

wound thin filament that uses local heating effected due to 

restricted cross section of the filament. The air picks up the 

heat while it flows over the heated filament. The blower 

placed at the rear of the heating element can be used to 

manipulate the mass flow rate of the air passing through the 

section of element laid out across the direction of the flow of 

air. 

 
Fig. 9: Heating elements 

VI. ANALYSIS AND RESULTS  

A. Results for Original Geometry 

 
Fig. 10: Residual Plot for Benchmark geometry 

 
Fig. 11: Pressure Plot for Benchmark (Original)  geometry 

Figure above shows the Static pressure variation in one 

surface (Cut plane).  In left-hand-side of the figure, different 

color shows the variation in the pressure. Red color shows the 

maximum pressure while blue color shows the minimum 

pressure. Unit of pressure is in Pascal. 

 
Fig. 12: Velocity Plot for the benchmark (Original) 

geometry 

Above figure shows the velocity plot in the 

benchmark geometry. Figure shows the different velocity 

near to the heating coil. Blue color shows the minimum 

velocity while red color shows the maximum velocity. 

Below figure shows the vector contour for the 

velocity. With the help of this plot we can study the re-

circulatory zone, direction and flow pattern of the fluid. 

 
Fig. 13: Vector plot for the benchmark (Original) geometry 

 
Fig. 14: Temperature plot for the Benchmark(Original) 

Geometry 

Fig.  shows the temp variation in fluid. Air flows 

from right to left in the model. Due to the heating coil, 

temperature of the air get increased at outlet surface. From 

the analysis, the obtained outlet temperature of the air is 308.0 

K. 

B. Results for Baffle - Modified Geometry 

Figure 15 shows the Static pressure variation in one surface 

(Cut plane).  In left-hand-side of the figure, different color 

shows the variation in the pressure. Red color shows the 

maximum pressure while blue color shows the minimum 

pressure. Unit of pressure is in Pascal 
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Fig. 15: Pressure Plot for the baffle - Modified Geometry 

Figure 16 shows the velocity plot in the baffle - 

Modified Geometry. Figure shows the different velocity near 

to the heating coil. Blue color shows the minimum velocity 

while red color shows the maximum velocity 

 
Fig. 16:Velocity Plot for the baffle - Modified Geometry 

 
Fig. 17: Temperature Plot for the baffle - Modified 

Geometry 

After inserting baffle with same boundary condition, 

for the same no. of iteration, temperature of the outlet get 

increased. The temperature of the outlet air for this variant is 

311.0 K. 

To summarize temperature measured at the outlet of 

original geometry and two variants is as below. 

Outlet temp. for Original geometry 308.0 K 

Outlet temp. for Modified geometry 311.0 K 

Table 1: The outlet of original geometry 

VII. DFA CONSIDERATIONS  

The assembly of heating elements consists of heating 

elements and MICA sheets. The MICA sheets are inserted 

into the slots at top and bottom side. 

 
Fig. 18: Assembly of heating elements 

The U-Type baffles are proposed in the form of 

detachable sheet-metal parts. The 3nos identical parts shall be 

hooked into position using angle plate with holes. The baffles 

shall be screwed in position using the threaded holes of size 

M3. The angle plate, in turn, is fixed to the support L-plates 

used for the heating coils. 

 
Fig. 19: Proposed assembly with angle plate 

 
Fig. 20: Proposed assembly-Exploded view (angle plate) 

 
Fig. 21: Support L Plate with holes for M3 screw 

The L-plate used above is, in fact, a proposed 

alternative to the existing flat sheet supports nudged into 

place with a slot in the bottom and the top member. The 

existing material for MICA sheet is proposed with generic 

Mild Steel plates of about 1~1.5mm thickness. 

 
Fig. 22: Angle Plate 
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An alternative way to effectively make the change 

from MICA sheet to a stronger generic material could be to 

use a MS sheet of the same configuration as the MICA sheet 

except that it could have larger holes for passing the heating 

coil. The ceramic heads (hollow) shall be fixed into the holes 

and the heating coils could pass through without any short 

circuit issues. Such change shall ensure low cost in 

implementing the improvement. 

The heating element could also be considered for 

enhanced strength since the existing application is prone to 

render the heating element brittle over a prolonged usage. For 

reinforcement, ceramic rods are passed through each segment 

(12 nos.) of the heating element for offering support.  In other 

words, a ceramic rod running through the centre of the coil 

i.e. through the ID is proposed as an improvement in the 

existing design. The rods could be fixed at both the ends 

(extreme ends) in the hollow ceramic beads or directly into 

the corresponding holes over the L-plates. The instances of 

early failure of the heating element are expected to be 

minimized with this introduction. The L-plates at the extreme 

ends are retained for support while the two L-plates in the 

mid-section (in between the extreme L-plates) are marked for 

elimination due to redundancy. This change results in the 

reduction of the total number of parts required to make the 

assembly.  

There could be one more alternative for assembly of 

baffles with support L plate. Baffles are provided with lugs 

which can be inserted into the notches provided in the support 

L plate. 

 
Fig. 23: Proposed assembly of heating elements (With lugs) 

 
Fig. 24: U Type baffle – with lugs 

 
Fig. 25: Support L Plate with notch for fixing baffles with 

lugs 

VIII. CONCLUSION 

This study is focused on investigating whether adding baffles 

in between the heating elements can enhance the heat transfer 

thus enhancing the performance of room heater. The original 

physical model tested for benchmark performance and the 

same would be compared with CFD/ FEA Analysis results for 

reinforcing the validation. The original arrangement modified 

using the baffles in the path of air of room heater to improve 

the performance of room heater.  Analytical tools like CFD 

used to study the improvement in performance of modified 

geometry. As per CFD/FEA analysis carried out the outlet 

temperature of original arrangement is 308 K and that for the 

modified geometry is 311 K.  

Tool like DFA used for improving the configuration 

of room heater.  The outcome is simplified assembly which 

can be assembled and disassembled during maintenance and 

recycling. The other major benefit is reduced number of parts 

resulting in reduced cost of assembly. 
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