ENGR100: HORSEPOWER CALCULATION

We are all aware that your four-stroke engine has power, but how do we go about determining what it is?  If we wanted to get the best possible answer to this question we would determine it experimentally with the most advanced methods available. Having the best answer though is usually not practical from a time and expense consideration. So, as is often the case, engineers use methods that give an approximate answer. If you were an engineer asked to design such an engine, these days you would use numerical simulations to give the answers you need to assess the performance of your design.  But, for now we will settle on using a simple relation derived from thermodynamics, the study of energy transformations. Why do we say transformations? Because energy cannot be measured directly. Only the effects of changes in energy can be measured. When objects have energy things happen, we can measure the effects such as changes in temperature, pressure and position, etc. 

So, let’s get started.

The first step in thermodynamics is to define your system and its boundaries. In this case it would be the inside of the engine cylinder drawn as such. The dashed rectangle defines the boundary of your system.  (Note the stroke is defined as the distance from BDC to TDC.  The bore is the diameter of the cylinder).






The dimension of the boundary changes when the piston moves up. Thus, we are dealing with a system that has a change in volume. This we can measure (and you did, remember?  The stroke was approx. 1.75 in. and the bore was 2.5625 in.) What else is changing? Certainly pressure and temperature since the gas is compressed and expanded. And, we can’t forget all the heat release from the combustion process. So, we can expect the temperature, volume, and pressure to change. 

Now our task is to determine the power. Power is defined as the net work performed per unit time.  The net work is the difference between the work delivered from expansion and the work needed to compress the gas. Since it takes work to compress the gas it has a negative sign. We will ignore the intake and exhaust stroke.
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(Eq. 1)

Work is done when a force moves an object through a distance. The force necessary to compress the gas can be determined by considering the pressure in the cylinder since pressure is force/area. The distance can be determined since the change in volume is known (volume=length*area).  The only difficulty is that the force changes with distance. It isn’t constant. So we must find out a function that tells us how force changes with distance.  We will use the following relation derived from thermodynamics,


[image: image2.wmf]4

.

1

÷

÷

ø

ö

ç

ç

è

æ

=

V

V

before

before

P

P

        






(Eq. 2)

Which can be rewritten as:
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(Eq. 3)

The subscript ‘before’ denotes before compression. The pressure before compression can be taken as 14.7 psi (lbs/in2) or 101325 Pa.  The volume before compression can be taken as the volume you measured when the piston was at bottom dead center. And, ‘A’ is the area of the cylinder.

So, now we know how force varies with distance (Eq.3).  To determine the work in compressing the gas we must use the following equation.


[image: image5.wmf]ò

=

TDC

BDC

X

X

Fdx

W










(Eq. 4)


You then substitute equation 3 into equation 4. For those of you familiar with the ways of integration this should be a ‘piece of cake’ to integrate. If you aren’t familiar with integration there is a way to approximate the integral using what is called a Riemann sum.  

Now we want to determine the work in expanding the gas. We can use equation 3 once again, but the ‘before’ subscript will now stand for the state just after combustion. The pressure ‘after’ would be about 1106 psi (Wow!).  The volume ‘after’ would be the clearance volume when the piston is at top dead center (the small “mickey mouse” shape in the cylinder head = 1.22 in3). Now use equation 4 to determine the work performed in expanding the gas, but remember the limits of integration flip since the starting volume is that at top dead center.  To figure out the time it takes to do a compression and expansion stroke you can use the RPM value. 

RPM=cycles/min (approx. 2000 rpm for Briggs and Stratton 9000 series engines)

Thus, the time to make 2 cycles would be:

Time(sec)=(1/RPM)*(60 sec/min)*(2 cycles)

You can now use equation 1 to find the power. The value you get for power will be in horsepower. To obtain Watts use the fact that 1 HP= 745.7 Watts.

HOW TO DO A RIEMANN SUM (or use EXCEL file link off web site):

To approximate the integral of equation 4 we can approximate the area under the curve of the graph of  Force vs. Distance. 
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A Riemann sum involves summing very small areas under the curve. The smaller the width of the rectangle the better the approximation to the area under the curve will be. 

So, use equation 3 to evaluate the force at the midpoint of a rectangle and then multiply by the width of the rectangle, (x. This is the area of a rectangle. Do this for every rectangle then sum the quantities. The result will be an approximation to the integral. Since this involves a lot of repetition it’s perfect work for a spreadsheet. You could use Excel to set up a column of distance values, force values evaluated at midpoints, and a column of force times (x. 
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