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I. EXECUTIVE SUMMARY 

In the automotive industry, reducing carbon emissions has become one of the key areas 

for innovation and growth. With the inevitable strengthening of regulations by the 

Environmental Protection Agency, auto industries will continue seeking ways in which to 

improve their total emissions. An obvious area for improvement is in start-up: "60-80% of 

existing hydrocarbon emissions are produced from the time that the converter takes to start 

operating" (Sideris). The basic component used in automobiles for reducing carbon emissions is 

a catalytic converter. A catalytic converter is primarily charged with filtering the exhaust through 

a chemical process. 

 

The current design for catalytic converters requires several minutes for the honeycomb 

structure to reach a "light-off" temperature of approximately 250 °C. This is the temperature at 

which the catalytic converter becomes 50% efficient. It is worth noting that when the catalytic 

converter reaches operating temperatures of 350 °C, it will reduce the hydrocarbon emissions to 

nearly zero. The goal of this senior design project is to dramatically decrease the time it takes for 

the catalytic converter to reach its operating temperature. 

 

II. BACKGROUND INFORMATION – CATALYTIC CONVERTER 

The main gases that are present in the emission that leaves the combustion engine contain 

Nitrogen (which is present as air is 98% N2) and the combustion products: carbon- dioxide (CO2) 

and water vapor (H2O). These emissions are not generally considered to be very harmful to the 

environment, although the effect of carbon-dioxide on global warming is debatable. However, in 

addition to these there are some other emissions. These emissions include carbon-monoxide 
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(CO), hydrocarbons and nitrogen oxides (NO, NO2). These are produced as a result of an 

imperfect combustion process, and this is inevitable as no combustion process is essentially 

perfect. Carbon-monoxide is a poisonous gas that can cause asphyxia leading to death while 

hydrocarbons and nitrogen oxides contribute to the formation of smog. In addition nitrogen 

oxides also cause acid rain. 

 

A catalytic convertor is a device used to reduce the toxicity of the emissions of an 

internal combustion (IC) engine. This is accomplished by converting the emissions of an IC 

engine to less-toxic substances through a chemical reaction and thereby reducing the damaging 

effect of the emissions. The catalytic convertor consists of three parts: the core, the washcoat, 

and the catalyst. In modern catalytic converters, the core is often a ceramic honeycomb; however, 

stainless steel foil honeycombs are also used. The honey-comb surface increases the amount of 

surface area available to support the catalyst, and therefore it is often called a "catalyst support." 

In an effort to make converters more efficient, a washcoat is utilized, most often a mixture of 

silica and alumina. The washcoat, when added to the core, forms a rough, irregular surface which 

has a far greater surface area than the flat core surfaces, which then gives the converter core a 

larger surface area and therefore more places for active precious metal sites. The catalyst is 

added to the washcoat (in suspension) before application to the core. Platinum is the most active 

catalyst and is widely used. However, it is not suitable for all applications because of unwanted 

additional reactions and/or cost. Palladium and rhodium are two other precious metals that are 

used. Platinum and rhodium are used as a reduction catalyst, while platinum and palladium are 

used as an oxidization catalyst. 
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The catalytic convertor works by converting the harmful emissions to a less-harmful 

chemical compound. To achieve this there are catalysts present inside a convertor. A catalyst is 

something that accelerates a chemical reaction without actually undergoing any change in the 

process. There are three stages in a catalytic convertor. In the first stage of the convertor, a 

reduction catalyst converts the nitrogen oxides to nitrogen and oxygen. The chemical reaction is 

as shown below as Eq. (I.1) and Eq. (I.2): 

 2NO �  N2 + O2 (I.1) 

 2NO2 �  N2 + 2O2 (I.2) 

In the second stage of the catalytic convertor, oxidation catalysts such as palladium and platinum 

are used to oxidize carbon-monoxide and unburned hydrocarbons to less-harmful carbon-dioxide 

and water. 

 2CO + O2 �  2CO2 (I.3) 

 CxH2x+2 + 2xO2 �  xCO2 + 2xH2O (I.4) 

The third stage of conversion is a control system that monitors the exhaust stream, and uses this 

information to control the fuel injection system. There is an oxygen sensor mounted upstream of 

the catalytic converter, meaning it is closer to the engine than the converter. This sensor tells the 

engine computer how much oxygen is in the exhaust. The engine computer can increase or 

decrease the amount of oxygen in the exhaust by adjusting the air-to-fuel ratio. This control 

scheme allows the engine computer to make sure that the engine is running at close to the 



 6 

stoichiometric point, and also to make sure that there is enough oxygen in the exhaust to allow 

the oxidization catalyst to burn the unburned hydrocarbons and CO. 

 

III. INTRODUCTION – PROBLEM STATEMENT 

Figure III.1 shows a plot of the catalytic converter efficiency as a function of its 

temperature.  

 

Figure III.1: Catalytic Converter Efficiency as a Function of Temperature 

 

As shown in the above figure, the catalytic converter works best at fairly high temperatures, 

around 350 to 400 ºC. At lower temperatures, it is quite inefficient in carrying out its functions 

since the catalysts are not in their activated state. Consequently, the temperature of the converter 

is too low for the catalytic converter to function immediately after a car is started. As such, 
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approximately 60 to 80 percent of all hydrocarbon emissions of a car occur during the startup 

phase when the converter is heating up. Currently, the light off time, or the time it takes for the 

catalytic converter to reach the light off temperature, is 90 to 120 seconds. The goal of this senior 

design project is to dramatically decrease this light off time.  

 

IV. MARKETING ANALYSIS 

A market research-survey was conducted to determine the acceptability of the product, 

the customer market size, the willingness of customers to purchase it and the price they are ready 

to pay for it. 45 people responded to the survey, and the results are shown below: 

 

 

Figure IV.1: Responses to marketing survey questions (1) 

  

Do you own a 
car? 

Would you like to reduce 
present emissions from cars? 
 

Are you concerned 
about the environment? 
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Figure IV.2: Responses to marketing survey questions (2) 

 

 

Figure IV.3: Money people are ready to spend now to improve the CAT. Median: $100 

 

 

Did you know about 
hydro-carbon 
emissions? 

Are you willing to 
support governmental 
legislation to reduce 
emissions? 

Did you know 
maximum emissions 
occur at startup? 
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Figure IV.4: Money people are ready to spend in the event of a tax-break (Median = $1000) 

 

From the marketing surveys, it was discovered that people are concerned about the 

environment and would like to play their part to reduce emissions (80%). It is also encouraging 

to note that about 60% of those surveyed are willing to support governmental regulations 

requiring improvement of emission standards – which, from the viewpoint of the product to be 

created in this project, would be very beneficial. 

 

Responding to queries about the amount people ready to invest in a retro-fit device to 

reduce emissions, a lot of respondents said that they were ready to pay up to $100. People were 

ready to spend more money (median = $1000) if a tax-break was present. 
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V. ALTERNATIVE DESIGN CONCEPTS 

Exhaust Recirculation 

 The first concept analyzed in the design process was that of re-routing the exhaust so as 

to obtain maximum heat extraction from the exhaust gases.  A basic drawing of this concept may 

be seen in Figure V.1.  The design specified piping which ran from an inlet placed prior to the 

inlet of the catalytic converter, redirecting the initial flow around the outer diameter of the 

ceramic cylinder, and then ending at the inlet of the catalytic converter.  Upon reaching the light-

off temperature, the flow path would return to the normal path, going straight through the 

catalytic converter. 

 

Figure V.1: Schematic of the Exhaust Recirculation Design 

 It was determined through patent research that similar designs have been conceived in the 

past.  However, these patents required the exhaust to pass through the catalytic converter twice, 

rather than simply using the exhaust as a heating mechanism.  They show fairly extensive 

redesigning of the gas flow within the catalytic converter itself, and have no control mechanisms. 
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 The concept is attractive in its relative simplicity.  The only additions to an existing 

catalytic converter which would be required are the piping around the catalytic converter and the 

valves which re-route the exhaust flow into the new piping.  The heat would be extracted 

naturally through convection and passed into the catalyst through conduction, aided by copper 

fins.  Also, no significant back-pressure would be incurred to reduce the efficiency of the engine.  

The re-routing could be stopped at any time by our control system.  Perhaps most compelling is 

that in the event that the system fails, the catalytic converter will continue to function, if at a 

(then) reduced efficiency during a cold-start. 

 

 However, these benefits were overshadowed by the design not meeting several of the 

evaluation criteria.  The actual mechanism and valves must completely re-route the exhaust 

without leakages.  Several types of polymers could be used for gaskets on these valves; however, 

they are outside the budget for this project.  Metallic gaskets would require highly precise 

machining, and are, again, outside the budget of this project.  Inserting the valves and control 

mechanism into the catalytic converter would be increase production time, and materials cost 

would be increased by these parts as well as the extra piping, reducing manufacturability, and 

ultimately, profitability.  The increased size of the catalytic converter would prevent its 

installation on some older vehicles, and would require redesigning the area around the catalytic 

converter in some current production vehicles.  Since the converter is manufactured as a single 

unit, the entire catalytic converter would need to be replaced if one of the valves or control 

mechanisms failed.  Though a passive heating design would be economical, it is difficult to 

predict due to the number of variables.  Conduction could not be aided through the use of copper 
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fins, as copper creates carcinogens which would not be removed by the catalytic converter.  With 

this limitation, it is assumed that the ceramic substrate, which is an insulator, would prevent the 

extra heat from re-routing the exhaust flow to reach the catalyst, and, with the extra heat losses 

from the pipe, would result in a net increase in the light-off time.  Thusly, the disadvantages of 

the design were determined to out-weigh its benefits, and further analysis on this concept was not 

performed. 

 

Induction Heating 

This conceptual design arose from the desire to create a bolt-on device which would 

reduce emissions in any vehicle without radically altering any existing design.  The heater 

assembly consisted of a wire coil wrapped around the outside of the catalytic conveter.  The coil 

would be fed an alternating current signal, which would induce an alternating current flow in the 

catalyst, thereby heating the catalyst internally through the Joule effect.  The design concept is 

illustrated in Figure V.2. 

 

Figure V.2: Drawing of the Induction Heater Design 
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 The inductor design satisfied many of the evaluation criteria within the FRDPARRC 

chart.  It would be cheap to manufacture, using readily available materials such as rubber and 

copper wiring in its construction.  The heater’s size would expand the girth of the catalytic 

converter slightly, but not beyond the clearances within most production vehicles.  It is 

completely non-invasive, so there is no possibility of leaking emissions to the atmosphere.  The 

concept has no moving parts, increasing its reliability.  There is little to no heating occurring 

outside the catalytic converter, making the only safety risk a shock hazard from the high current 

being drawn by the heater.  If the heater failed for any reason, it could be removed and replaced 

easily. 

 

 The disadvantages of this design were relatively few.  Being that it is completely 

electrical, the design could be shorted out at any point and become completely worthless, to say 

nothing of damaging the vehicle’s electrical system which could be costly to repair.  The coil 

would need to be of a high enough gauge wire to carry the current without overheating, yet small 

enough to fit within tight clearances.  The current would need to be switched at high frequencies 

to penetrate the material.  Also, there was the possibility that the heater might heat the steel 

casing of the catalytic converter.  These disadvantages did not initially discourage the design, 

though further analysis was warranted. 

 

 The analysis was carried out in two phases, the first of which was a mathematical 

analysis of the power transferred to the catalyst through induction.  The power, P, generated by a 

rapidly changing magnetic field inside a metal through induction and the Joule heating effect is 

modeled as 
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  (V.1) 

 

where 

AS = total surface area 

H = magnetic field 

�  = resistivity 

�  = � 0 x � r (magnetic permeability) 

f = frequency 

C = correction factor based on relative dimensions of the conductor and load 

F = correction factor based on the geometry of the load 

 

The surface area for a single tube within the honeycomb structure is determined using the 

following equation, 

  (V.2) 

where l and h are 0.9 mm and 0.51 mm, respectively. For a single loop inductor coil, the 

magnetic field and resistivity can be determined using the following two equations, 

  (V.3) 

  (V.4) 

 
where n is the number of turns, I is the current, and le is 5.6 x 10-3 m for the honeycomb. If the 

current is assumed to be 15 A and there is only one turn, H is determined to be 2679 A/m. To 

find the minimum frequency, f, to penetrate the  
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  (V.5) 

 

 

for platinum (Pt), 

 �  = 105 n� •m = 105 x 10-9 � •m (V.6) 

 � r = 1 (H/m) (V.7) 

 � 0 = 4•�  x 10-7 (H/m) (V.8) 

for the catalytic converter, 

 �  = 5.1 cm = 5.1 x 10-2 m (V.9) 

thus, 

  (V.10) 

  (V.11) 

Assuming correction factors of C = F = 1 for a best-case scenario, 

  (V.12) 

  (V.13) 

This is the power for each honeycomb “tube”.  For the entire honeycomb, this value gives a total 

of 

  (V.14) 

  (V.15) 

  (V.16) 

  (V.17) 
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By increasing the number of coils to 3, these values become 

  (V.18) 

  (V.19) 

  (V.20) 

This power, being produced within the catalyst, would heat the metal very quickly, due to the 

low mass of the catalyst.  From previous analysis, it was noted that the energy required to heat 

the catalyst to 280 °C is 

 E = 29 J (V.21) 

  (V.22) 

  (V.23) 

  (V.24) 

However, this time is assuming perfect efficiency.  Considering a 1% efficiency of power 

transfer, 

  (V.25) 

  (V.26) 

This heating time is well within the project’s stated goals. 
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 The preceding analysis was based on the correction factors being equal to 1.  However, 

upon further research, the equations for the two correction factors were found to be 

  (V.27) 

where 

  (V.28) 

  (V.29) 

 

Since the metal is coated thinly on the ceramic substrate, the cross-sectional area is small, thus 

  (V.30) 

  (V.31) 

  (V.32) 

  (V.33) 

  (V.34) 

  (V.35) 

If the coil is wrapped directly around the ceramic cylinder, 

  (V.36) 

  (V.37) 

  (V.38) 

  (V.39) 

  (V.40) 
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The correction factor F is given by 

  (V.41) 

where 

  (V.42) 

  (V.43) 

  (V.44) 

  (V.45) 

  (V.46) 

  (V.47) 

Substituting these into the previous power equation for 3 coil turns gives 

 (V.48) 

  (V.49) 

  (V.50) 

This result is, of course, assuming perfect efficiency of energy transfer from the magnetic field to 

the catalyst. 

 

 Bench-level testing was performed on a solid steel bar 0.25 inches in diameter to confirm 

the preceding analysis.  The test used twelve 100W light bulbs wired in parallel to provide an 

input of 10 Amperes @ 60 Hz, 120V AC to an inductor coil.  The bar was inserted into the 
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induction coil and the circuit turned on.  The equations above were performed for the steel bar 

and coil dimensions used in the test.  The calculations above predicted that the steel would 

increase its surface temperature by approximately 10.5 degrees Celsius in 35 minutes. However, 

after running the inductor test for the ascribed 35 minutes, there was no measureable increase in 

the surface temperature of the steel bar. 

 

Figure V.3: Inductor Testing Setup 
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Figure V.4: Inductor Circuit 

 

 The final decision to not use the inductor design was based on the efficiency of the power 

transfer from the power drawn from the inductor circuit to the power induced in the catalyst.   

  (V.51) 

  (V.52) 

  (V.53) 

  (V.54) 

  (V.55) 

  (V.56) 

  (V.57) 
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Being that this efficiency is based on the perfect transfer of power from the magnetic field to the 

catalyst, it was decided that this efficiency would be too low in a real-world setting to justify its 

nominal increase in the power supplied to catalyst for heating, given the results of our 

preliminary bench-level testing. 

VI. SELECTED DESIGN – NICHROME HEATING 

The nichrome-heater design is the design solution to the problem statement described in 

Section III of this report. Once again, the aim of building this device is to reduce hydrocarbon 

emissions, and this can be achieved by raising the temperature of the catalyst more quickly. As 

the catalytic convertor is initially heated up to the light-off temperature by the energy contained 

in the exhaust gases, this design will heat up the catalyst by putting in more energy into the 

exhaust. To achieve this, a nichrome-based heater will be used to transfer heat to the exhaust; 

this heater will be placed immediately ahead of the catalytic convertor. The extra heat that is 

added to the exhaust helps heat up the catalyst more quickly. This “lights-off” the catalyst earlier 

than normal cases, resulting in reduced emissions.  

 

 

 



 22 

 

Fig VI.1: Schematic diagram of nichrome heater assembly 

 

When the automobile is started, the power supply to the device is activated. This 

produces a current in the circuit, which causes the nichrome coil to start heating up. Concurrently, 

the flow in the exhaust pipes is heated up due to the nichrome wires which cause the catalytic 

convertor to heat up faster. When the light-off temperature is reached, the power supply to the 

nichrome circuitry is cut-off. This is done by using temperature sensors that will be embedded in 

the catalyst brick within the catalytic convertor. 

 

The entire device consists of the following parts: 

a. Expansion element 

b. Steel brackets 

c. Nichrome wires 

d. Ceramic eyelets 

e. Fiber-glass insulation 

f. Heater shell 

g. Temperature sensor circuitry 
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a. Expansion element  

The expansion is a tube with an expanding section on one end and a diverging section on 

the other end. This section is meant to slow down the flow so that the air gets heated sufficiently. 

The size of the inlet and outlet are same as the exhaust system piping in an automobile and hence 

this element can be fit into any present automobile’s exhaust piping 

This part also forms the casing for the heater wires. The steel bracket that holds the 

nichrome coil is fixed inside this casing. The casing has two holes which act as the inlet/outlet 

for lead wires from the nichrome wiring.  

 

b. Steel brackets 

Steel brackets are used to hold nichrome wires within the heater element. This is composed of 

two thin steel sections with a taper. The two parts are fixed together to form the complete bracket 

by sliding the two parts along the main slit which is lined at the central axis of these parts.  

Additionally, they have small notches where ceramic eyelets are to be inserted, to prevent the 

contact of nichrome with the brackets. 

 

c. Nichrome wires 

Nichrome wires form the most important part of this design. This is the part that heats up the 

exhaust flow. Nichrome is arranged in the form of coils (N turns per cm) and has a total length of 

(M cm). The coiled nichrome wires are then wrapped around the bracket fitted into the heater-

element. When current is passed through the nichrome wires, the resistance of the coil causes it 
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to heat up and emit this energy. This energy transfers to the exhaust gas that is flowing in the 

vicinity and increases its temperature. 

 

d. Ceramic eyelets 

The ceramic eyelets are small 4mm long ceramic tubes. They are used to prevent the nichrome 

wires from coming in contact with the steel brackets. These eyelets are fixed onto notches that 

are cut into the steel brackets. Their non-conducting properties and ability to withstand high-

temperatures is what is used in this application. 

 

e. Fiber-glass insulation 

The fiberglass insulation is a layer or fiberglass that wraps around the expansion element. This is 

used to reduce heat transfer between the nichrome coils within the heater element casing and the 

outside environment. 

 

f. Heater Shell 

This is a pipe of diameter larger than that of the expansion element. This forms the outermost 

part of the device. This helps to hold together the fiber-glass insulation in place. This part has 

two tiny holes at the end to allow for the lead wires to be connected to the nichrome coil. 

  

g. Temperature sensor circuitry 
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The temperature sensor circuitry is a piece of electronic circuitry that consists of temperature 

sensors and an electronic circuit to cut-off power to the nichrome coils. The temperature sensors 

are positioned at the inlet and the exit of the CAT and monitor the exhaust gas temperature. An 

embedded sensor is to be fixed on the CAT ceramic to note the temperature. When the light-off 

temperature is reached the electronic circuitry cuts-off the power supply to the nichrome coils. 

 

Nichrome Heater Calculations 

Heater Efficiency Estimation:  

One of the early experiments used to predict the performance of resistance heating was a 

heat gun experiment. The goal of which was to determine the overall heating efficiency of a 

standard Ni-Cr heat gun and apply this efficiency to the heating of exhaust in order to predict 

temperature increases for a given power input. The experimental procedure was as follows: 

1. Measure the nozzle diameter of the heat gun. 

2. Measure the inlet and outlet temperatures of the heat gun. 

3. Measure the exit velocity of the heat gun. 

4. Calculate the total power consumption of the heat gun. 

The inlet and outlet temperatures were measured using a standard J-type thermocouple using a 

hand-held reader. Temperatures were recorded at various locations across the nozzle and the 

average value was used. An inlet temperature of 25.1°C and an outlet temperature of 224.5°C 

were obtained. Dynamic pressure was measured in a similar way, using a Pitot-static probe. The 

dynamic pressure is related to velocity by Eq. (VI.1), 
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 r
p

V
2

=  (VI.1) 

where �  is the air density. This produced an average velocity of 9.88 m/s. The total power 

transferred to the air by the Ni-Cr wire was calculated using Equations (VI.2) and (VI.3). 

 TcmP D= airair �  (VI.2) 

 cair AVm ××= r�  (VI.3) 

The mass flow rate of air was calculated as 0.00626 kg/s, which corresponds to a power input of 

1264 W. The power consumption of the heat gun was determined by measuring the current and 

resistance during operation. These values were then used in Equation (VI.4) to calculate power. 

 RIP 2
tot =  (VI.4) 

Measured values of 13.4 A and 10 �  gave a total power consumption of 1796 W. Finally the 

overall efficiency was defined using Equation (VI.5), 

 
tot

air

P
P

=h
 (VI.5) 

and was found to be 70.4%. Heat loss to the atmosphere  through the nozzle walls accounts for 

the loss in power.  

 

          In order to predict the effect of this efficiency on exhaust heating, the power transfer to the 

exhaust was determined using the efficiency calculated for the heat gun. The available power in 

this case was taken to be the power output of a typical alternator. A current of 85 A and a voltage 

of 14.6 V give an available power of 1241 W. Applying the efficiency of 70.4% results in 873.7 
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W input to the exhaust gas.  Finally,  the predicted temperature increase  was calculated using 

Equation (VI.6), 

 cm
P

T
ex

exhaust

�
=D

 (VI.6) 

where c is the specific heat of the exhaust gas (assumed similar to air), and m� ex is the mass flow 

rate of exhaust calculated for a typical engine at idle speed using Equation (VI.7), 

 nNVm dairVex rh=�  (VI.7) 

where � v is the volumetric efficiency, Vd is the engine displacement, and N/n is the engine speed 

in rev/s. Using a typical volumetric efficiency for idle rpm, the mass flow rate of exhaust was 

determined to be 0.0126 kg/s. This results in a temperature increase of 68.5°C. 

 

          This is a relatively small value, but since the cross-sectional area of the heater section is 

three times larger than the exhaust pipe, the exhaust velocity is 1/3 its initial value across the 

heater. This means that for a given power, three times the energy is transferred to the fluid. Using 

control volume analysis of the heater at steady state, the mass of air at a given point in time 

remains constant, as does the specific heat. This means that the exhaust temperature should 

increase by three fold. This produces a temperature change of 205.5°C.  

 

          Experimental temperature data showed that the heater is achieving an approximate 

temperature increase of 190°C.  In comparison with the theoretical value of 205.5°C, this is a 

difference of only 7.5%. In addition, the catalytic heater efficiency can be calculated using this 
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information and was found to be approximately 65%. This value would allow one to predict 

temperature gains for a given input power using our design. 

 

Nichrome Wire Specifications: 

We now specify the nichrome wire properties based on the finding regarding required 

power. For demonstration purposes, the nichrome heater was powered using the 130V AC 

supply from a power socket.  

 

Consequently, as we need a net power of 1200W, the required resistance of the nichrome wire is 

given by: 

  (VI.8) 

Hence: 

  (VI.9) 

The nichrome coil was cut to the right length to achieve a resistance of 12� . This was done with 

the use of a multimeter to find the appropriate length (as described in the fabrication process 

part). 

 

VII. FABRICATION OF HEATER ASSEMBLY 

The fabrication of the nichrome heater was done as described below: 

1. The nichrome coil that was purchased was cut to the required length to correspond to a 

resistance of 12 ohms. The coil was subsequently stretched to the required length so as to be 
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long enough to wrap around the metal brackets. The ends of the nichrome coil were attached 

to lead wires which were to be connected to the power supply of the heater. 

2. Glass-pack automobile mufflers of inlet/exit sizes 2.5” and 3” were taken to be cut down to 

the right size to make the expansion element and the heat shield. The 2.5” muffler, that was 

initially 18” long, was cut along three planes. This resulted in the separation of the inlet/exit 

portions of the muffler from the main central pipe (housing the muffler section). The central 

pipe was cut to 6” length and the machined faces were ground. The 3” muffler was machined 

in a similar fashion.  Holes were drilled on the outside circumference of both pipes so as to 

provide gaps for the lead wires to reach the nichrome coil. 

3. The packing material of both mufflers was removed to provide the space required for the 

nichrome assembly.  In order to facilitate airflow and reduce back pressure, the excess piping 

on the inner portion of the inlet and exit of the smaller muffler was cut out using a Dremmel 

tool.  

4. Drawings of the metal bracket were made in AutoCAD. A thin metal plate of the appropriate 

thickness was obtained and a water-jet machine was used to cut the metal brackets. The 

separate brackets were then assembled along the central groove and welded to provide a 

single, solid bracket. 

5. The nichrome wire was inserted through small ceramic eyelets and spaced appropriately. 

These eyelets were then fixed onto the grooves on the metal brackets by a compression fit. 

The eyelets were so arranged so that the nichrome coil was wound around the metal bracket. 

The nichrome wiring was stretched or compressed, as required, to prevent touching the metal 

bracket or other sections of the coil. 
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Figure VII.1: Drawing of the metal bracket with the nichrome coil (red) around it. The red curve 

represents the profile of the wiring while the actual nichrome wire is a coil in itself. 

 

6. The eyelets were cemented in place with a cold-weld epoxy material. Subsequent to applying 

the epoxy, the bracket was left to dry for 15 hours so as to ensure proper curing and setting. 

7.  The metal bracket was inserted into the smaller pipe and was welded in place, forming the 

main heater shell assembly. Next, the inlet/exit ends of the smaller muffler were seam-

welded onto this pipe to complete the heater assembly. Holes that were present along the 

weld were closed off using the cold-weld epoxy. The assembly was subsequently left to dry 

for 15 hours for proper curing. 

 

Ceramic eyelets 

Metal bracket 

Nichrome wire 
profile 
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Fig VII.2: Side view of the heater-shell at this stage of fabrication 

 

 

Fig VII.3: Top-view of the heater shell with the metal bracket inside it. The glow is a result of 

the heating of the nichrome wires. 

 

Finally, a section of the exhaust piping was cut, immediately ahead of the catalytic converter of 

our test-car. The finished nichrome-heater was inserted in place and welded. The existing 

Lead wires to the 
nichrome coil 

Metal bracket with 
coil inside heater 
shell 

Lead-wires with 
insulation 
wrapped around 
it 



 32 

catalytic converter of the car was replaced with a new one – this was done so as to have a new, 

unclogged and perfectly working catalytic converter from which useful results could be extracted. 

 

VIII. INSTALLATION OF HEATER ASSEMBLY 

 The heater was installed on a vehicle that had a working engine but had frame damage 

rendering it otherwise unusable.  The vehicle was towed to an automobile repair facility on a car 

carrier.  Upon reaching the shop, a new battery was installed in the car so that reliable ignition 

could occur.  The car was then driven off of the car carrier and a new set of front tires were put 

on.  The car was then driven into the shop and an experienced automobile technician removed 

the vehicle’s stock catalytic converter and a section of the exhaust piping.  At that point, it was 

found that the catalytic converter purchased for this project had inlet and outlet diameters of 2.5 

inches, where as the diameter of the exhaust pipe and heater inlet and outlet was 2.0 inches.  The 

technician was therefore forced to weld a short length of 2.25 inch piping, essentially a male to 

female connector, into the inlet and outlet of the catalytic converter.  The outlet of the heater was 

then welded to the catalytic converter’s inlet to produce a single assembly.  A hole was drilled 

through the car’s floor board on the passenger’s side to allow the leads from the heater to be 

passed into the vehicle.  The lead wires were fed into this opening as the heater-catalytic 

converter assembly was hoisted into place.  The installation was completed by welding the 

heater’s inlet to the pipe which runs from the exhaust manifold of the engine and welding the 

outlet of the catalytic converter to the exhaust piping which proceeds towards the muffler of the 

vehicle. 
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IX. CAD MODELING 

 CAD modeling of the exhaust system was performed using UGS NX 4.0. Components 

modeled include the catalytic converter, heater assembly, heater housing, and exhaust manifold. 

For completeness, the muffler and tailpipe were also modeled. The final parts are shown in 

Figures X through X. 

 

Figure IX.1: Heater Assembly 

 

Figure IX.2: Heater Housing 
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Figure IX.3: Catalytic Converter 

 

Figure IX4: Exhaust Manifold 

These components were then assembled with the muffler and tailpipe to produce the entire 

exhaust system assembly shown in Figure IX5. 

 

 

 

(This space intentionally left blank.) 
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Figure IX5: Full Exhaust System Assembly 

Accurately modeling the system allows for computer simulations including computation fluid 

dynamics (CFD) and finite element analysis (FEA). 

 

X. EMISSIONS TESTING 

Objective 

On Monday, 20 April, 2009 the Chevy Lumina, complete with the newly designed 

resistance heating mechanism and expansion chamber installed in the emissions pipe, was taken 

to Midtown Emissions for emissions testing. The objective of the testing was to compare 

hydrocarbon output for the newly installed catalytic converter under variable conditions: with 

and without the resistance heating mechanism turned on. The tests were performed from cold-

start conditions and were run by the owner of Midtown Emissions, Chuck, who donated his time 

to help the Georgia Tech cause. Finally, a follow-up test was performed to analyze the effect of 

higher RPM values, without the resistance heating turned on, to determine if the catalytic 
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converter could pass a standard emissions test; this was done to ensure that the catalytic 

converter setup was valid. 

 

Procedure 

 The first test that was run was a baseline test (without heater turned on) to compare 

emissions output for the Lumina while at idle. Before beginning the test, the ambient conditions 

were recorded. Additionally, an infrared sensor was used to measure the temperature of the 

emissions pipe and catalytic converter to ensure that cold-start conditions were in effect; the 

Lumina was driven 15 meters into the testing pod and was allowed to cool before any testing 

began. Since the frame of the car was bent, the car could not be run on the dynamometer, which 

would have yielded emissions readout with respect to time. Instead, an emissions sensor, shown 

in Figure 1, was inserted into the tailpipe of the Lumina.  

 

Figure X.1. Emissions sensor inserted into Lumina tailpipe 

 

The car was then turned on and allowed to idle for a period of five minutes. During this process, 

emissions readout data was manually printed at a frequency of approximately 1-5 Hz so that a 
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plot could be produced later showing emissions output with respect to time. Additionally, surface 

temperature measurements of the inlet to the catalytic converter were recorded for a rudimentary 

estimation of the temperature relation with hydrocarbon output; a more complete temperature 

analysis was run at a later date to yield more precise temperature measurements. The computer 

monitor showing real-time emissions output, temperature of the exhaust, and the relative 

humidity of the exhaust, are shown in figure 2. After the test was run, the data print-outs were 

manually entered into Excel for analysis and the Lumina was allowed to cool for a period of 

three hours. 

 

Figure X.2. Monitor showing manual emissions readout in real-time 

 

 The next phase of testing dealt with measuring emissions at idle with the resistance 

heating mechanism turned on. The same procedure listed above was performed, with the ambient 

temperature recorded, the surface temperature of the catalytic converter measured using an 

infrared sensor. The only difference between the above procedures is that the resistance heating 

was connected via an extension cord to a 120V AC power source (a wall socket.) 

 The last phase of testing dealt with measuring emissions at idle with the resistance 

heating mechanism turned on and an insulation sleeve of fiberglass wrapped around the 
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expansion chamber. This test was designed to test the effectiveness of using an fiberglass sleeve 

to better insulate the expansion chamber. 

 As a follow-up to the above testing, a separate test was run whereby the engine was 

revved to approximately 2200 RPM (as opposed to an idle value of approximately 800 RPM.) 

This test was designed to test whether the catalytic converter would reach a light-off temperature 

for a standard emissions test, and also to analyze the effect of higher RPM values on 

hydrocarbon emissions. 

 

Experimental Data 

 The data from the emissions testing, which was in the form shown in Figure 3, was 

entered into Excel for analysis and comparison. 

 

Figure X.3. Manual reading emissions print-out data sheet 

 

Analysis of Results 



 39 

As each test was performed under the same parameters, including keeping the car at idle, 

the emissions data was plotted against time to demonstrate the emissions differences; a plot of 

the engine RPM values with respect to time are shown in Figure 4 and a plot of hydrocarbons 

versus time is shown in Figure 5. Figure 4 shows the idle conditions of the engine and is used to 

demonstrate that the same conditions were ensured for each of the tests. More interesting is the 

data from Figure 5, where the initial spike in hydrocarbons when the car was first turned on 

indicates the high quantity of hydrocarbons in parts-per-million as the car runs rich. After a 

period of 10-15 seconds, the hydrocarbon output becomes more standard and the catalytic 

converter begins heating up under all three testing conditions. 
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Figure X.3. Engine RPM values plotted against time 
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Figure X.4. Hydrocarbon emissions with respect to time for various testing conditions 

 

 The first deviation in hydrocarbon emissions was observed after approximately 100 

seconds. As the resistance heating mechanism was the only variable between the tests, it was 

clearly responsible for the decrease in hydrocarbon emissions. However, it is important to note 

that under idle conditions, whereby the engine is running at approximately 800 RPM, the 

catalytic converter never reaches light-off temperature. Thus, there is a steady-state hydrocarbon 

output of approximately 375 PPM, which would fail an emissions test. (This issue of failing an 

emissions test will be discussed in greater depth at a later point, but it is worth noting that 

emissions testing allows for higher RPM, which invariably produce significantly higher 

temperatures in the catalytic converter.) The test was cut-off after a period of five minutes, but 

extrapolating the data from the baseline test indicates that the catalytic converter would not reach 

light-off temperature in a reasonable period of time – certainly not in the time a normal person 

would leave a car idling in the morning while it heats up under cold-start conditions. 
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 Analyzing the resistance heating hydrocarbons indicates that there is very little difference 

between the resistance heating with and without the fiberglass insulation sleeve. Indeed, under 

both conditions the hydrocarbons began being reduced at a quicker rate than the baseline test 

after a period of approximately 100 seconds. (This realization resulted in the conclusion that all 

further analysis and tests would be performed without the insulation.) For the time period of 100-

250 seconds, the hydrocarbon emissions decrease at a fairly constant rate of approximately -2.0 

PPM/second. After 250 seconds, the hydrocarbons decrease at slightly less of a rate until they 

finally level out at steady-state values in the range of 10-50 PPM. 

 An unexpected benefit of the emissions testing was the reduction in nitrogen oxide 

emissions. Initially, the test was concerned with reducing hydrocarbon emissions, but in 

decreasing the light-off time for the catalytic converter, the NOx was also reduced. A plot of 

nitrogen oxide emissions versus time is shown in Figure 5 for the baseline test and for the 

resistance heating both with and without the insulation. Although the shown levels of nitrogen 

oxide emissions are low enough to pass an emissions test, the reduction is still significant enough 

to be worthwhile for future environmentally friendly automobiles. 
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Figure X.5. Nitrogen Oxide (NOX) emissions with respect to time for various testing conditions 

 

 The final portion of the testing was designed to ensure that the catalytic setup was valid; 

specifically, it was important to demonstrate the catalytic converter would pass a normal 

emissions test despite the modifications made to the system (insertion of expansion chamber 

housing the resistance heating mechanism.) To pass a normal emissions test, one is only 

concerned with the steady-state emissions output. In other words, the catalytic converter can 

already be at the light-off temperature when the test is running. To simulate such conditions, the 

test was run while the engine was revved to approximately 2200 RPM for a period of five 

minutes. The hydrocarbon output versus time is shown in Figure 6, as is the RPM data with 

respect to time. As can be seen, the catalytic converter reaches a light-off temperature within one 

minute and would easily pass a standard emissions test. Although there were moderate 

fluctuations in the revolutions of the engine, this is because the engine was manually revved up 

and has very little impact on the data since the values were close enough to 2200 RPM. 
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Figure X.6. Hydrocarbons versus time and RPM versus time 

 

Conclusion 

 The primary objectives of this test were achieved in that the resistance heating 

mechanism reached the goal of significantly reducing hydrocarbon emissions, resulting in both 

design improvements and a more thorough understanding of the inner-workings of the catalytic 

converter. Firstly, the resistance heating mechanism was shown to substantially decrease the 

light-off time for a catalytic converter under idle conditions, resulting in decreased hydrocarbon 

emissions. Whereas a brand-new catalytic converter would not reach light-off temperature, with 

the resistance heating begins deviating from the baseline test after approximately 100 seconds. 

From 100 seconds to approximately 250 seconds, there is a steady decrease of approximately 2.0 

PPM/second in hydrocarbon emissions; this hydrocarbon value levels off in the region of 10-50 

PPM for steady-state. It was also noted that there was very little difference between the 
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expansion chamber being covered in insulation and without it, which shows that the insulation is 

not necessary. Furthermore, an unexpected benefit of the testing was that the nitrogen oxide 

emissions were substantially reduced with the resistance heating turned on. Lastly, the catalytic 

converter setup was demonstrated to be valid because it performed similar to other new catalytic 

converters when run at higher RPM values. This test was important to demonstrate the validity of 

the setup even though it has very little bearing on the overall results of the project. The fact that 

the catalytic converter can reduce hydrocarbons at high RPM values has no effect when the car is 

started, for example, in cold conditions and allowed to idle for a period while the car warms up. 

 

XI. TEMPERATURE TESTING OF EXHAUST FLOW  

Objective 

 The temperature tests were performed in order to form a correlation between the exhaust 

gas temperatures and the vehicle’s hydrocarbon emissions.  This connection will be analyzed to 

better understand the effect that the heater has on reducing the hydrocarbon emissions from the 

engine. 

 

Procedure 

 The setup for this test began by placing the car in an open area on a flat, hard surface.  

The vehicle was supported by a jack in the front passenger side corner just behind the wheel, and 

a stand toward the rear of the vehicle on the passenger side.  The car rested on the driver’s side 

tires as well.  The insulation previously secured around the heater was removed, as it would have 

complicated the thermocouple installation.  Four holes, approximately 0.125 inches in diameter, 

were drilled into the inlets and outlets of the heater device and catalytic converter.  A K-type 
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thermocouple was then pushed into each hole, being careful to keep the thermocouple as close to 

the center of the pipe as possible to ensure accurate readings.  A fifth thermocouple was placed 

away from the car to measure the ambient air temperature.  The leads from those thermocouples 

were connected to a National Instruments data acquisition device (DAQ).  The DAQ’s signal 

was read by a pc through the LabView software suite.  The software converted the analog 

voltage outputs from the thermocouples to temperature readouts through a look-up table within 

the software.  The temperature data was recorded at a frequency of 10 Hz, and the test was run 

for approximately six and a half minutes.  The test was run twice, once with the heater on and a 

second time with the heater off.  It was ensured that the temperature read at each thermocouple 

was the same at the start of each test to be certain of the accuracy of the test data for comparison 

purposes. 

 Photographs from the experimental setup may be seen in Figures 1 and 2. 

 

Figure XI.1. Connections for thermocouple testing 
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Figure XI.2. Thermocouples connected to emissions pipe 

 

Analysis of Results 

 The thermocouple test yielded temperature values at important locations along the 

emissions pipeline, as are shown in Figure 1.  

Heater CAT

Thermocouple Locations

Exhaust Flow Exhaust Flow

 

Figure XI.1. Location of thermocouples relative to emissions system 

 

The actual temperature values for the baseline test, where the resistance heating is turned 

off, are shown in Figure 2. As can be seen, the ambient temperature remained constant 

throughout the test. Additionally, the heater inlet and outlet temperature have nearly identical 

values, which makes sense considering the heater was not turned on for the baseline test. While 

there are slight variations in the temperature of the inlet and outlet temperatures of the catalytic 
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converter, there are no significant conclusions to be drawn. Based on the emissions testing done 

previously, it is known that the catalytic converter does not light-off in the time-frame allotted. It 

is worth noting that toward the end of the test, when more of the oxidation process is occurring 

than at any other point because of the increased temperature, the exit temperature is higher. This 

would seem counterintuitive until one recognizes that the oxidation process is exothermic, 

meaning heat is released when it occurs; this heat generated from the chemical reaction causes 

the temperature to increase. 

 

Figure XI.2. Temperature measurements using thermocouple at variable locations for baseline 

test 

 

The more interesting analysis occurs when the resistance heating is turned on. The 

thermocouples were located in the same locations as are shown in Figure 1 and the temperature 

values with the resistance heating turned on are shown in Figure 3.  
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Figure XI.3. Temperature measurements using thermocouple at variable locations with resistance 

heating turned on 

 

As was the case with the baseline test, the ambient conditions remain constant at 

approximately 24ºC. However, that is the only similarity as the heater inlet and heater outlet 

temperatures are clearly different. Considering that 1200 Watts of heat are being produced 

between the two thermocouples, this makes intuitive sense. Comparing the heater inlet 

temperature from the baseline test to the test with the resistance heating, and it is apparent that 

the same steady-state temperature was reached: roughly 200ºC. This similarity indicates that the 

test was valid and the engine was producing similar levels of hydrocarbons; additionally, the 

temperature of the exhaust gas was uniform between the two tests. The importance of this 

observation is in establish the validity of the test; any changes in temperature beyond the heating 

mechanism are the result of the design as that is the only variable component between the two 

tests. 
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In analyzing the temperature values at the outlet of the expansion chamber, the 

temperature values can clearly be seen to rise significantly; whereas the baseline test yielded 

nearly identical values between inlet and outlet temperatures at the expansion chamber, the 

resistance heating test shows a sky-rocketing of temperature values for the exit of the expansion 

chamber. Indeed, as the system approaches a steady state temperature, the temperature at the exit 

of the expansion chamber levels out at approximately 400ºC.  

 

As for the temperature data at the start and exit of the catalytic converter, there are 

several interesting results worth nothing. Firstly, analyzing the catalytic converter’s inlet and 

outlet temperatures confirms an important fact: the oxidation process within the catalytic 

converter is exothermic. This is evident by the fact that after approximately 150 seconds the 

temperature at the exit of the catalytic converter increases substantially from that at the inlet. 

Indeed, by the time the system reaches steady state, there is a constant offset whereby the exit 

temperature is over 100ºC hotter than the inlet temperature. Another important observation 

comes from comparing the resistance heating test with the baseline test. Whereas the inlet 

temperature for the baseline test only reached a temperature of approximately 160ºC, the inlet 

temperature of the catalytic converter for the resistance heating test reached a value of nearly 

300ºC by the end of the test. This shows a difference of approximately 140ºC that was created by 

the resistance heating mechanism and it quantitatively demonstrates that the resistance heating 

mechanism heated up the catalytic converter. Additionally, the temperature at the exit of the 

catalytic converter for the baseline test compared to the temperature for the resistance heating 

test yielded final values of 170ºC and 380ºC, respectively. Once more, the temperature difference 
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of 210ºC shows that not only does the resistance heating increase the temperature of the catalytic 

converter, but also it shows a crucial effect that was not anticipated: the oxidation process, which 

is an exothermic reaction that releases heat, compounds the effect of the heater by further 

increasing the temperature of the catalytic converter. 

The remainder of the analysis from the data, specifically as it relates to hydrocarbon 

output, will be discussed in a later analysis that combines the thermocouple testing with the 

emissions testing. 

 

Conclusion 

The primary objectives of this test were achieved in that transient temperature 

measurements were made using thermocouples for both a baseline test and a test with the 

resistance heating mechanism turned on. The baseline test demonstrated that there was no 

temperature change across the expansion chamber and that the catalytic converter never reached 

a light-off temperature. This was evident by the fact that the oxidation process is exothermic, and 

although the exit temperature of the catalytic converter did reach values slightly higher than the 

inlet for the baseline test, they were not significant. 

Conversely, the resistance heating test yielded a variety of important results. Firstly, the 

exit temperature of the expansion chamber was significantly hotter than the inlet temperature, 

which is a result of the heat being generated by the resistance heating. Additionally, the 

temperature at the inlet and exit of the catalytic converter (comparing baseline and resistance 

heating tests) are greater than the baseline test by 140ºC and 210ºC, respectively. The final 

conclusion drawn from the experimentation was an unexpected benefit: because the resistance 

heating causes the catalytic converter to light-off quicker, the heating effect is compounded by 
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the oxidation process. To expand upon this idea, there is a snowball effect whereby an increased 

temperature yields a great reaction rate, and a greater reaction rate yields more heat produced. 

The importance of this test, and particularly with matching up the temperature 

measurements with the time measurements, is to ultimately compare hydrocarbon output with 

temperature data. This analysis will be saved for a later section that combines these results with 

those of the emissions testing. 

 

XII. COMBINED ANALYSIS OF EMISSIONS AND 

THERMOCOUPLE TESTING 

 The primary objective of the emissions testing and thermocouple testing was to establish 

a relationship between the hydrocarbon output as it relates to the temperature within the catalytic 

converter. Since the emissions testing could only accurately measure the hydrocarbon output as a 

function of time, the same conditions were maintained for the thermocouple testing so 

temperature data could be matched up at those time values. Then, the two sets of data were 

combined and a comparison of thermocouple output versus temperature was produced for both 

baseline and resistance heating testing conditions; the plot of hydrocarbon output versus 

temperature within the catalytic converter is shown in Figure 1 for baseline testing while the car 

is at idle. 
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Figure XII.1: Hydrocarbon output as a function of temperature for baseline testing at idle 

 

 Figure 1 shows that the catalytic converter never reaches a light off temperature, which 

makes sense considering that a temperature of at least 180ºC is required for any kind of a 

significant oxidation process to occur within the catalytic converter. To better understand the plot, 

it is worth nothing that the high hydrocarbon output at temperatures below 80ºC are likely the 

result of the high gas-to-oxygen ratio when the automobile is first started; this is when the 

automobile is running rich. As the ratio approaches steady-state values, or running lean, the 

hydrocarbon output levels out at approximately 400 parts per million. As was mentioned earlier 

in the emissions analysis, the catalytic converter would not reach light-off temperature without 

revving the engine – at least, not in a reasonable amount of time that might be found among 

consumer use. The importance of this observation is that the automobile fails emissions tests if 

the hydrocarbon output is greater than 151 PPM, so even with the brand-new catalytic converter 

the car would fail emissions tests at idle; this is important for environmentally-friendly 

consumers who leave their car running in the mornings while it heats up. 
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 The next section of the analysis focuses on the improved design using the resistance 

heating mechanism. Figure 2 shows a plot of hydrocarbons versus temperature within the 

catalytic converter, which was produced by combining  the hydrocarbon output data from the 

emissions testing with the temperature measurements from the thermocouple testing, As can be 

seen from Figure 2, there is a similar spike in hydrocarbon values at low temperatures; this is 

simply a result of the automobile running rich when the car is first turned on. Within the range of 

100ºC to 180ºC, the catalytic converter behaves similar to the baseline test. However, the 

resistance heating mechanism allows the catalytic converter to reach higher temperatures, which 

means reaching the light-off temperature and triggering the oxidation process to become 

increasingly efficient; this process occurs from temperatures of 180ºC on up to 300ºC.  
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Figure XII.2: Hydrocarbons versus temperature within the catalytic converter with the  

resistance heating mechanism turned on 

 Confirming that the catalytic converter lights off at 180ºC is crucial to the overall success 

of the project because the initial objective was to reach this temperature as quickly as possible. 
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With testing confirming that 180ºC is indeed the temperature to hit, prior analysis based on 

efficiency values become valid. 

 

Conclusion 

 The ultimate objective of the emissions testing and the thermocouple testing was to 

establish a verifiable relationship between the hydrocarbon output with the temperature inside 

the catalytic converter. This was successful achieved and validated first with the baseline testing 

where the catalytic converter never reached a temperature of 180ºC. As was predicated at the 

outset of the experiment, this is the temperature required to reach a light-off, which is where the 

oxidation process begins occurring at a reasonable rate. However, as the emissions under idle 

never produce enough heat for this temperature to be reached in a reasonable time frame, the 

hydrocarbon output remains constant at approximately 400 parts per million, which fails 

emissions testing standards requiring 151 parts per million. 

 Confirming that existing catalytic converters do not reach light-off temperature under idle 

conditions was only half the task as it still needed to be proven that the resistance heating would 

cause a temperature increase the reduced the hydrocarbon output. This was confirmed in Figure 

2 where the catalytic converter reached a temperature of approximately 180ºC and from then on 

the hydrocarbons were reduced at a fairly constant rate as temperature increased. This confirms 

the validity of the earlier analysis based on catalytic efficiency based on temperature 

measurements within the catalytic converter.  

To summarize, by establishing the relationship between hydrocarbon output and catalytic 

converter temperature, it was quantitatively shown that the resistance heating mechanism was the 
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cause of (1) the temperature increase within the catalytic converter, and (2) the ultimate 

reduction in hydrocarbons. 

 

XIII. ENERGY LOSS STUDY 

 Energy loss due to the relative mounting location of the heater to the cat was 

approximated using an energy analysis. It has been determined experimentally that the effect of 

insulation on the heater geometry has minimal effects. This indicates that most of the heat loss is 

due to heating of the metal in close proximity to the heater. The energy required to heat the 

connection between the heater and catalytic converter is determined using Equation XIII.1. 

 Tmcq D= p  (XIII.1) 

The structure being analyzed is shown in Figure XIII.1. 

 

  

 Figure XIII.1: Connecting Geometry 
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The material highlighted by the box is the material which could be removed. The mass of this 

material was calculated using the density of steel, 7850 kg/m3, and the volume of material 

determined using the cross-sectional area multiplied by the length of pipe section. The length of 

the pipe section was approximately 15.2 cm and the cross-sectional area was calculated as 3.246 

cm2. This produced a total volume of 49.5 cm3. The specific heat of steel is 500 J/kgK. 

Temperature change was obtained from experimental data, starting from ambient (27°C) and 

reaching 300°C. Combining these values, the heat lost to the surrounding material was calculated 

as 53.1 kJ. For a heating time of 400 seconds, the heat rate to the exhaust was 133 W. This is 

about 11% of the heater’s power, a significant loss. Eliminating the exhaust material between the 

heater and catalyst would certainly increase performance. 

 

XIV. FUTURE WORK 

 Further development of the heater system is required for commercial viability. Control 

system development is a key requirement. The heater itself could be powered using the vehicle’s 

alternator, battery, or combination of both. For example, a control system might power the heater 

using the battery until the engine is started, and at this point switch power to the alternator. This 

would allow the heater to begin heating when the doors are unlocked. This would allow for 

further reduced emissions as the exhaust system surrounding the heater would increase in 

temperature, reducing the initial heat lost of the exhaust gasses. 

 In addition to powering options, a control system would allow regulation of exhaust 

temperature when coupled with a temperature sensor mounted within the converter. Pulse width 

modulation would allow for the catalyst to operate at maximum efficiency for the greatest 

amount of time. This would provide for a further decrease in hydrocarbon emissions. 
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 Changes in geometry could also increase the effectiveness of the heating device. 

Installing the heater within the converter structure would allow simultaneous heating of the 

exhaust and catalyst. Additionally, heat loss to natural convection would be minimized since the 

air exiting the heater immediately enters the catalyst and substrate. Moving the entire structure 

closer to the exhaust manifold would also decrease this heat loss. Other changes to geometry 

might include a larger expansion (for decreased exhaust flow rate), heating element refinement 

for optimal heating profiles, and better insulation for increased efficiency.  

Perhaps the most obvious change could be increasing the power dissipation of the heater. 

This is easily accomplished and is only limited by the available power from the alternator or 

battery. Powerful alternators are readily available, and are becoming increasingly common 

considering all the accessories which need to be powered on current automobiles. It is possible to 

achieve three or four times as much power as was used in the prototype design. This would 

decrease the light-off time of the catalyst even further. Many possibilities exist, and they are 

certainly not exhausted here, but these are some suggestions for changes which could be 

implemented in the future.  

 

XV. CLOSURE 

 The overall objective of the project was to reduce hydrocarbon emissions under cold-start 

conditions for automobiles and to, if possible, do so in a commercially viable manner. The most 

reasonable way of reducing hydrocarbon emissions was to increase the temperature of the 

catalytic converter, which causes the oxidation process to occur more efficiently; indeed, at 

sufficiently low temperatures (below approximately 180ºC), the oxidation process will not occur 

and the hydrocarbons produced by the automobile will be released directly to the atmosphere. 
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Thus, the design objective was to decrease the time it takes the catalytic converter reach the 

light-off temperature. 

Although a variety of ideas were considered to achieve such an end, such as the induction 

technique outlined in the paper, resistance heating was ultimately the most viable and efficient 

way to do so. Before any fabrication began, extensive analysis and preliminary testing was 

performed to ensure that the resistance heating technique would provide enough energy to heat 

the catalytic converter; the heat transfer analysis was outlined above, although the intricacies of 

the automobile’s emissions system meant that extensive experimentation would be necessary to 

fully validate the results. Fortunately, with the purchase of a Chevy Lumina, the project went 

from being primarily theoretical to taking on a direct experimental approach. However, that is 

not to say that testing only occurred on the car as there was also extensive analysis performed 

with the nichrome wires and the heat flow within a pipe using a heat gun. 

The fabrication part of the project dealt with creating an expansion chamber that could 

house the resistance heating element. A new catalytic converter was purchased to be inserted into 

the emissions pipe of the Chevy Lumina, but before that could happen the resistance heating 

element had to be created. This was done by using a muffler and gutting the inside so that an 

expansion chamber could be created; the expansion chamber would later be welded together with 

both the automobile’s emissions pipe and the catalytic converter. Then, a tornado-like housing 

unit was created to hold the nichrome wires in place. This expansion chamber was expanded to 

decrease the velocity through the expansion chamber, which allowed additional time for heating 

the emissions. Ceramic eyelets were used to prevent the wires from touching any metal within 

the setup and Kevlar insulation was used to both insulate the resistance heating from ambient air 

and to run the electrical wires out of the expansion chamber to a power source; a wall socket was 
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used to provide 120V of AC current as a means of simulating the power available from the 

alternator. While this project would have been more complete if the resitance heating was 

powered by the alternator, it was not possible to alter the computer and tap into the power supply 

given the short amount of time available on the project. However, consideration was paid to this 

and the resistance wiring was limited to only 1200 watts of power, which is at least half of what 

could become available. 

The fabrication process, whereby the new resistance heating element and catalytic 

converter were installed on the car, was performed by an expert mechanic. The welding ensured 

that no air escaped and the custom job also ensured that sufficient adaptors were used to line up 

the various pipes; additionally, holes were drilled through the floor of the car to run the electrical 

wires through. Lastly, despite having a bent frame, the Chevy Lumina was mended as much as 

possible so that it could be driven short distances (it was transported using a trailer for all long 

distances.) 

The next step in the project was performing emissions tests on the car under both baseline 

conditions and with the resistance heating turned on. These tests were designed to show the 

differences between the two approaches, and they confirmed that the catalytic converter does not 

light off under cold-start conditions while under idle. This was an important conclusion because 

oftentimes in cold areas automobiles are turned on and allowed to warm up, and during this time 

period the hydrocarbons produced are being released straight to the atmosphere. Conversely, 

with the resistance heating element turned on, the catalytic converter lit-off in under two minutes 

at idle, significantly reducing hydrocarbon emissions at a rate of 2.0 PPM/second. In order to 

more fully confirm the validity of the tests, a follow-up analysis was performed to measure the 

temperatures within the catalytic converter. These tests yielded temperature measurements at 
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various points within the emissions pipe and allowed for a direct plot of hydrocarbons output 

versus temperature. As was predicated at the beginning of the experiment, the resistance heating 

element was shown to significantly increase the temperature within the catalytic converter, 

which in turn caused the decrease in hydrocarbon emissions. 

While the overall project was a resounding success, there were several important 

observations made that would lead to a far more effective design. Firstly, by moving the heating 

element closer to the catalytic converter, less energy will be wasted from heating the walls of the 

emissions pipe. Additionally, the catalytic converter can be moved closer to the engine so the 

automobile exhaust is at a higher temperature. Lastly, electrical changes should be made so that 

the resistance heating mechanism can turn on and off automatically when the car reaches certain 

threshold RPM values. Overall, these changes are intended to increase the overall effectiveness 

of the design and would yield tangible improvements. However, these modifications should not 

detract from the resounding success whereby the hypothesis was proven first with quantitative 

analyses and then with experimental testing.  

In conclusion, using resistance wiring as a means of reducing hydrocarbon emissions was 

shown to reduce hydrocarbon emissions under idle conditions, which represents significant 

progress in the environmentally-friendly movement within the auto industry and society on the 

whole. 
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XVI. APPENDIX: Related Patents 

 
1. Junichi Saiki et al. - Catalyzer heating device for an internal combustion engine 

a. http://www.google.com/patents?id=I0MsAAAAEBAJ&dq=nichrome+wires+catalytic+c
onverter 

b. Patent number: 4102127 
Filing date: Mar 15, 1977 
Issue date: Jul 25, 1978 
Inventors: Junichi Saiki, Syouzi Watanabe, Takehisa Yaegashi, Tetsuro Nagano 
Assignee: Toyota Jidosha Kogyo Kabushiki Kaisha 

c. Label 5 points to the catalyzer heating apparatus. It consists of a Nichrome wire or glow 
plug. This device is inserted into the catalyzer and heats the catalyzer located around the 
glow plug. Label 6 points to the catalyzer temperature detector.  

d. Claim 6: “A catalyzer heating device as claimed in claim 1, wherein said heating means 
comprises a Nichrome wire disposed in said catalyzer. 

e. Claim 1: “A catalyzer heating device of an internal combustion engine having in its 
exhaust system a catalytic converter containing a catalyzer therein, said device 
comprising: 
i. A power source; means in said catalytic converter for heating said catalyzer; 

ii.  A first detecting means for providing a first signal indicating that the temperature of 
the engine is below a predetermined level; 

iii.  A second detecting means for providing a second signal indicating the temperature 
of said catalyzer, and; 

iv. Control means for establishing an electrical connection between said power source 
and said heating means in response to said first and said second signals when the 
temperature of the engine is below a predetermined level and when the temperature 
of said catalyzer is below a predetermined level.” 

�
�
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2. Otis Jackson - Vehicle exhaust system 
a. http://www.google.com/patents?id=nU40AAAAEBAJ&dq=nichrome+wires+catalytic+c

onverter 
b. Patent number: 4372421 

Filing date: Jul 19, 1979 
Issue date: Feb 8, 1983 
Inventor : Otis Jackson 

c. A spark plug is imbedded in the afterburner to burn the exhaust gases. This afterburner 
works with a nichrome wire to generate heat within the chamber of the afterburner to 
further combust exhaust gases. Threaded connectors are used to secure the Nichrome 
wire to support posts. A lead wire is connected to the contact plate at the other end of the 
support post. This creates a constant flow of electrical energy being transmitted from the 
vehicle ignition through the lead wire, spark plug, and contact plate to the Nichrome 
wire. The exhaust gases are thus ignited by the spark plug being connected for 
continuous flow of electrical currents.  
 

 


