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Abstract 
 
The design and implementation of a computer-assisted instrumentation system for a Cooperative Fuel 
Research (CFR) engine test facility as part of modernization and development of the thermal 
engineering laboratory was carried out at Stevens Institute of Technology. The laboratory is part of a 
required course in thermal engineering taken by all students in the current mechanical engineering 
curriculum. It is intended to facilitate the verification of classroom description of the air-standard 
Otto-cycle in the context of the observed performance of a single cylinder gasoline engine. 
 
The current implementation of the system allows for the students to conveniently measure both the in-
dicated and brake horsepower as well as the fuel consumption, air intake rate and engine efficiency on 
a real-time basis as a function of compression ration, engine speed and load. The collected data is 
archived stored in the PC for access by students via the campus network. This paper describes the 
design, development and implementation of the system, the student laboratory experience as well as 
the authors’ methodology for integrating outcomes-based assessment strategies in the lecture and the 
laboratory segment of this course 
 
I.  Introduction 
 
There has been considerable interest recently on incorporating “experiential learning”, especially 
the laboratory experience, with emphasis on modern instrumentation and computer-assisted data 
acquisition in the undergraduate engineering curriculum. As the society becomes increasingly 
technologically advanced, real time-data acquisition and on-line processing of data will be 
common place both in workplace and home.  This has required the engineering faculty to modify 
their curriculum to ensure that the students have savvy and skills to set up experiments with 
modern instrumentation as well as to effectively utilize data-acquisition software. There is also 
considerable demand from the industrial sector to ensure that the workforce has the skills and 
capacity to manage and process large amounts of data and information.  These are interdisciplinary 
skills that are typically associated with the practice of engineering and there has been a great deal 
of interest in introducing these to engineering students at all levels.  Furthermore, the development 
of a “threaded sequence” through the engineering curriculum to emphasize experimental analysis 
has become a necessity. 
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In order to address these issues, at Stevens Institute of Technology (hereafter referred to as 
Stevens), the engineering curriculum was revised and approved by the faculty for implementation 
starting from the fall 1998 term. In addition, to meet the ABET EC2000 requirements an 
assessment methodology was formulated through a series of faculty teams1-2. The importance of 
integrating a coordinated laboratory sequence with adequate exposure to modern instrumentation 
and measurement techniques was clearly outlined in the report and adequate funds were 
committed for laboratory enhancement. 
 
The mechanical engineering curriculum was examined in consonance and several of the junior and 
senior level technical electives were modified to integrate laboratory experience. These involved 
the inclusion of both virtual and real laboratories as well as remote laboratories3. In this context, 
the educational philosophy associated with experiential learning should be considered as well. For 
example, the pedagogical effectiveness of both virtual and real laboratory experience in reinforcing 
concepts outlined in the class room is well established for thermal science courses and have been 
recently utilized in curriculum development and its assessment4-6.  
 
II.  Experimental Setup 
 
The Co-operative Fuel Research (hereafter CFR) engine set-up allows for the illustration of the use 
of air-standard Otto cycle for the performance measurement of an engine in a realistic setting. The 
CFR engine is a single-cylinder spark-ignition internal combustion engine. It is a typical example 
of the “four-stroke” engine first proposed by Beau de Bochas in 1862 and built by Otto in 1876. 
 

 
 
Otto cycle both in theory and in practice are shown above in the pressure-volume plane.  The ideal 
Otto cycle (left) is made up of two constant-volume and two adiabatic processes. They are:  
l → 2, adiabatic compression of an air-fuel mixture; 2 → 3, constant-volume (“isochoric”) heat 
addition (simulating combustion); 3 → 4, adiabatic expansion (power stroke) and 4 → l, constant-
volume rejection of heat (simulating blow down of exhaust gases). To simulate the induction 
(intake) and exhaust processes necessary in a real, internal-combustion engine, processes 1 → 0 
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and 0 → 1 may also be shown. These, ideally, would be with the cylinder pressure constant and 
equal to atmospheric pressure. 
 
The principle parts of the engine are: (i) cylinder, (ii) piston, connecting rod, and crankshaft, (iii) 
ignition system, (iv) carburetor and fuel system, (v) lubrication system, (vi) intake & exhaust 
manifold, (vii) valves and valve gear, (viii) cooling system and (ix) frame and bed plate. 
Standard texts on IC engines can be referenced for detail on construction and operation of internal 
combustion engine. Shown in the above figure (on the right) are the deviations from the ideal 
cycle. These are due to: (a) “Non-instantaneous” fuel combustion: in fact, combustion takes a 
considerable length of tine when compared with the time for the piston to move appreciably. 
Therefore, the pressure rise shown which results from combustion occurs over a significant 
change in volume and showing a rounded off process 2 → 3,  rather than the theoretical constant- 
volume heat release. (b) Ignition occurs before the top dead center. (c) There is heat transfer 
between the gases and the cooling-water jacket so that 1→2 and  3 → 4 cannot be adiabatic. (d) 
The exhaust stroke (1 → 0) and the induction stroke (0 → 1) cannot be at constant pressure 
because of gas inertia and pressure drop across the valves. 
 

 
 
The overall specifications of the engine can be summarized as follows. Compression ratios up to 12 to 
1 (with the recommended range not to exceed 10:1); displacement  volume: 37 cubic inches and the 
cylinder bore: 3.25 inches with a stroke of 4.5 inches. Maximum power output at 1000 rpm is 5 hp. 
The maximum speed is 2000 rpm, while the maximum cylinder pressure is 1000 psi. The output 
power is measured using a conventional DC motor-generator system mounted on a trunnion. . The DC 
motor-generator has a maximum voltage of 125VDC with a maximum armature current 42 amperes 
and the available supply power is at 220 volts, 3 phases. However, a novel controller allows for the 
generator output power to be rectified and directly transferred to utility grid.  
 
The load measurement is carried out using a strain gage based load cell and the rotation rate is 
measured using a digital tachometer that is calibrated using an accurate strobe. Fuel consumption is 

An overall view of the CFR 
engine setup (far left), the 
engine and dynamometer 
close up (left) and the 
instrumentation panel 
(above) without the 
controller.  
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measured using a digital balance while the air in take is measured with an orifice plate connected to a 
holding tank at the inlet using a calibrated digital pressure transducer. A piezo-electric pressure-
transducer at the cylinder head along with an encoder-based positioning system is used to obtain the 
pressure-volume trace while the engine is in operation. A temperature sensor is used to determine the 
cylinder temperature and a special oil heating system is installed to maintain the engine lube oil at a 
pre-selected temperature. The entire instrumentation system is connected to a custom-developed  PC-
based data-acquisition system. LabView® software is used for  data acquisition and data processing. A 
schematic of the CFR dynamometer setup and the data-acquisition system are shown below. 

III.  Engine Performance and Data Acquisition 
 
For IC engines, the compression ratio (i.e., volume compression ratio, rv = V1/V0) plays a crucial 
role. While, modern automobile engines have compression ratios, as high as 10:1, an average 
value for those in general use is probably about 8:1.  The CFR engine has the unique feature of 
adjustable compression ratio (since it was designed as a fuel test engine). It is capable of variation 
over the range 4:1 ≤ rv ≤ 8:l. The thermal efficiency of the ideal Otto cycle (air standard) is given 
by: η = 1 - rv 

(1-γ); where  γ  is the ratio of specific heats (cp/cv) for the cylinder gases. Thus, the 
higher the compression ratio, rv, the more efficient the engine cycle. The overall engine efficiency 
of a heat engine burning fuel in its cylinder has a thermal efficiency (useful, shaft work output ÷ 
heating value of fuel burned) of about 20 – 25%. A heat balance for such an engine might yield: 
useful output: 20%, heat rejection to cooling water: 39%, exhaust: 36% with the balance attributed 
to friction. 
 
Performance measures for the engine include: (a) brake power, which is measured using a 
“dynamometer”. The electric dynamometer used with the CFR engine is a D.C. machine, which 
can serve as a motor or a generator, mounted in trunnion bearings serving as a “cradle”. The 
dynamometer may also be used as a motor to drive the CFR engine. (b) indicated power: which is 
obtained from the area enclosed by the cycle in the pressure-volume diagram. The CFR engine is 
equipped with a pressure transducer and a rotary encoder. The encoder provides 1024 equally-
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spaced pulses per revolution of the crankshaft. These pulses are counted as the crankshaft rotates. 
The pulses indicate the position of the crankshaft and therefore, the volume of the cylinder. The 
appropriate volume value and the pressure signal are then video-displayed using data acquisition 
software on a PC. The data can also be stored for later processing. The power developed at the 
piston face (before loss due to cylinder and bearing friction) is called the “indicated” power. The 
corresponding work per cycle done on the piston face can be evaluated and using the measured 
engine speed the power can be directly computed. (c) Mechanical Efficiency: The mechanical 
efficiency can then be computed as the ratio of the brake power to the indicated power. The 
difference between the indicated power and the brake power is often referred to as the Friction 
Power (which is thought of as the power expended in overcoming the mechanical friction of the 
engine). 
 
Other performance measures include: The pumping power, which is determined by using the 
exhaust/induction loop (4  →  0  →  1) on the Pressure vs. Volume diagram (“indicator diagram”). 
The area inside the loop represents the work per cycle done to “pump” the exhaust gas out of the 
cylinder and to draw the fresh mixture into the cylinder. The brake thermal efficiency, which is 
defined as the ratio of brake power per cycle to the heating value of the fuel burned per cycle and 
the specific fuel consumption, which is defined as the fuel consumed per unit power output (which 
is an indicator of engine efficiency; in this regard, the “power output” referred to might be either 
indicated power yielding indicated specific fuel consumption, “ISFC” or brake power yielding 
brake specific fuel consumption, “BSFC”). 
 
The digital encoder used for crank shaft position detection is an Amicon incremental digital 
encoder. It provides 1024 square waves per revolution, and it delivers six output channels, four of 
them for identification of rotation direction, and two of them as markers or reference position. 
The power supply is from 9 to 24 VDC. The level of the output can be varied depending on the 
input level. For the present application signals are set at levels recommended for the data 
acquisition card safe operation. The output signals are isolated and are short circuit protected. The 
electric dynamometer needs to be controlled, and several types of controllers were available. The 
selection was a four quadrant controller. It is able to provide DC power to drive the dynamometer 
working as a motor in order to drive the engine, and start it. Once the engine is working, the 
controller acts as a sink converting and sending the electricity produced in the generator to the 
utility network. 

 
The data-acquisition card selected for this application is: National Instruments Lab PC 1200. It has 
eight unipolar 0-5 Volt input analog channels or four differential +-5 V channels. Two analog output 
channels for driving actuators. 32 digital input channels three timers for controlling signals and or 
triggering the acquisition. The triggering for the pressure signal acquisition is done using a digital 
marker signal provided by the digital encoder once per revolution. Virtual Instrument (hereafter VI) is 
a program used to acquire the data which is provided by the LabView® software. The VI uses only one 
analog input channel, and the signal from the digital encoder provide the timing to start the acquisition 
each cycle, and for each point of the cycle (2048 points per cycle). This information is used to 
construct the pressure volume diagram by feeding another program witch converts the digital signal 
into pressure and volume from voltage and the position of the digital encoder. The marker signal has 
been synchronized with the top dead center of the engine using a stroboscopic light that is triggered by 
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the marker signal. A screen shot of the typical virtual instrument (VI) console and the reconstructed 
pressure – volume trace are shown below. 

 
IV. Student Laboratory Experience. 
 
Overall student experience to date in the course and the laboratory has been quite positive. Based 
on the recommendations of the Stevens assessment committee1-2, the following methodology was 
setup for outcomes assessment, which is evidenced by graded homework, hour and final 
examinations and by reports from laboratory experiments. This laboratory experience in this 
second course in thermodynamics has the following goals. The student will at the conclusion of 
this course be able to: a) analyze a mechanical engineering problem for its thermodynamic 
content; b) integrate thermodynamic and energy-conversion consideration with other aspects of 
problem solving in mechanical engineering; c) enunciate both verbally and mathematically the 
most important thermodynamic applications and implications for both the current and developing 
practice of mechanical engineering; d) analyze and solve thermodynamic problems involving: 
reactive and non-reactive gas mixtures including psychrometry, combustion energetics, and 
chemical equilibrium as it influences both energetics and pollutant formation; e) analyze heat-
engine and combustion engine cycles, specifically the Otto, Brayton (including turbo-jet), and 
Rankine cycles particularly with performance-enhancing modifications such as intercooling, 
reheating, regeneration, f) analyze refrigeration/heat-pump cycles including gas and vapor 
compression and absorption; g) analyze direct energy conversion, particularly fuel cells; h) use an 
equation-solving computer engine software appropriate for thermodynamic problem-solving; i) 
characterize, both qualitatively and quantitatively, the energy flows and transfers in a variety of 
physical/chemical situations, both familiar and unfamiliar; j) select and evaluate appropriate 
parameters describing the energetic performance of various devices an systems, familiar and 

CFR Engine Indicator
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unfamiliar, and to determine the thermodynamic constraints on this performance. 
 
In the context of the CFR engine experiment, the outcomes assessed pertain to the following or 
their subsets: (a) to (e) and (h) to (i). Overall class room and laboratory evaluation for the past two 
terms are indicate about 70 to 80% effectiveness. Additional work on outcomes assessment is 
currently in progress and will be reported in future work. 
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