
CHAPTER 6 
FUEL CONSUMPTION 

MEASUREMENT EQUIPMENT 
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6 • 1 INTROVUCTION 

Two types of fuel meters were used to make measurements of 

fuel consumed over a specified distance to provid8 data for the various 

fuel consumption experiments conducted by the Road User Costs and Traf~ 

fic Experiments Groups [GEIPOT~ ~eport II:Midterm Report - Preliminary 

Results and Analysis"]. The two types are called the "Reservoir"~ used 

over a short distance (one kilometer) and the "Volumetric", used over a 

long distance (ten kilometers). The "Reservoir" type could not be used 

over long distances since its capacity was too small, and a calibrated 

refill system~ although feasible, was considered too cumbersome for 

some project vehiclesD 

A means of recording time and distance simultaneously was 

needed to determine fuel consumption during acceleration. A Camera Box 

was d eve lop e d for t his pur p 0 s e (S e e sect ion 4. 6 • 1 ) • It inc 1 u des a movi e 

camera, used to film the digital displays of an electronic distance mea~ 

suring instrument, and an electronic stopwatch. Subsequently a Recorder 

Box was d eve lop edt 0 f u I fill t his fun c t ion (S e e sec t ion 4. 6 • 2 ) ~ the im­

portant difference being that data reduction is much easier from mag­

netic tape than from film. 

A split-second hand mechanical stopwatch was used in conjun~ 

tion with a distance measuring instrument and a reservoir fuel meter, 

to obtain average vehicle speed during the fuel consumption measure­

ments. 

Data acquired with these instruments were entered on the ap-

propriate data collection form, shown in Table 6.1. The particular 

form shown was used with a "Reservoir" type fuel meter. 

RESERVOIR FUEL METER 

This fuel meter is a modified version of the ones used in the 

Ken y are sea r c h (Z ani e w ski, "F u elM e t e r s") and was c h 0 sen for use i n Br a z i I 

because of its simplicity and accuracy. It was not, however, as easi~ 

ly construGted as anticipatedo Several models were tried, including 

one designed by a consultant, before the final manifold version was 

chosen. 
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Any gasoline resistant material may be used as a cylinder. 

Glass was rejected for safety reasons. Nalgene laboratory graduated 

cylinders were finally selected as fuel reservoirs. Nalgene behaves 

well for about two years of constant exposure to gasoline and strong 

sunlight. Then the cylinder warps and becomes discolored 6 making the 

cylinder scale useless. Because Nalgene is nearly chemically inert6 no 

type of adhesive or sealant could be found to seal connections to the 

cylinders. This caused a major problem with leaks from fuel line con-

nections and in twin-cylinder models at the level-equalizing tube con-

nections. The problem was eventually resolved by constructing thread-

ed aluminum manifolds that the cylinders could be screwed into. 

This type of fuel meter consists of a reservoir cylinder or 

pair of cylinders6 sealed top and bottom with a manifold 6 a scale for 

reading the fuel level in the cylinders6 an exact means of filling the 

cylinders with fue1 6 and a means of selecting the engine fuel supplY6 

from either the vehicle fuel tank or the reservoir cylinder. In the 

case of a diesel vehicle 6 the return fuel line is switched on simulta­

neously with the fuel supply line 6 by means of a pair of conjugated 

valves 6 so the unburned fuel is returned to the source. as shown schema-

tically in Figure 6.1. The engine block includes the vehicle fuel com-

ponents such as the fuel pump6 filter and carburetor. The gasoline 

system is shown by the solid lines while the dashed lines show the ad~ 

ditional connections to convert to diesel. 

A typical diesel system panel layout is shown in Figure 6,2. 

Full information concerning its development and constructional details6 

including the method used to conjugate two valves and machining requir­

ed for the twin-cylinder manifolds is covered in two earlier Project 

Documents (Zaniewski 6 "Fuel Meters"; Buller 6 "Reservoir Fuel Meters" J. 

Cylinders of individual fuel meters were scaled to the vehi­

cle type 6 so each vehicle would have the smallest possible diameter 

cylinder to maximize the resolution. Fuel meters were built to study 

consumption over a range of vehicles from a 1300 cc Volkswagen up to a 

285 HP Scania truck. At typical fuel meter used in test vehicles is 

shown in Figure 6.3. 

ments. 

The cylinder's scale was used for the single cylinder instru­

It was difficult to read the fuel level of two cylinder meters 

when the vehicle was transversely inclined. To overcome this~ a small 

diameter sight-tube was fitted ~etween the two cylinders and an accu-

rate scale made and set against the sight-tube. Detailed information 
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FIGURE 6.3 - RESERVOIR FUEL METER INSTALLED IN A VEHICLE 
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on the method used to make an accurate scale is covered in a Project 

Instrumentation Memo (Buller~ "Reservoir Fuel Meters"). 

Two companion instruments were used with the fuel meter to 

determine speed and distance. They were the OMI~ described in Chapter 

3 ~ and the s p 1 i t - sec 0 n d han d s top w a t c h s how n i n Fig u r e 6. 4 • The OM I i s 

an electronic~ precision~ digita~ odometer used to measure the distance 

travelled during a measurement run. The stopwatch was used to measure 

the time of the run. Together the data were used to calculate the aver­

age speed. 

I nth iss Y s t e m ~ the a c cur a c y 0 f the res e r v 0 i r f u e 1 s y s t em d e­

pends on the accuracy and resolution of the instrument scale; the accu­

racy with which the reading is taken; the accuracy in operating the 

supply tank/cylinder valve with regard to distance; the accuracy of mea­

sured travel distance and having a leak-free system. 

If a plastic measuring cylinder with its own scale is used 

as shown in Figure 6.5~ the resolution depends upon the size of the cyl­

inders used. The 250 ml cylinder scale has a resolution of 2 ml; the 

500 ml cylinder scale~ 5 ml; and the 1000 ml cylinder scale~ a resolu­

tion of 10 mI. 

If better resolution is required~ the user's own scale can be 

employed as depicted in the diesel system panel layout diagram (Figure 

6 • 2 ) • 

6 • 2 • 2 

server. 

The field crew consisted of two people~ a driver and an ob­

The driver was trained to drive in a standard manner to mini-

mize the effects of driver behavior on fuel consumption. The observer 

operated the equipment and recorded the various data on the field form 

shown in Table 6.1. Normally~ the entire fuel consumption fleet tra­

velled and worked together. The team was headed by a field supervisor 

who han dIe d log i s tic alp rob 1 ems and d ire c ted the act i v i tie s 0 f the f u e 1 

consumption team. 
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FIGURE 6.4 - MECHANICAL StOPWATCHES 
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The vehicle was driven to the test site and the tire pressure 

measured on arrival. This ensured that the tires were warmed up. The 

vehicle was then loaded with the weight required for the test. 

The driver made a trial run in the appropriate gear and de-

signated speed for the first test. During this run the observer chec~ 

ed the DMI calibration. If the DMI was out of calibration, the vehicle 

DMI was calibrated on a measured road course. 

At the test site, the vehicle was stopped before the test 

section to allow it to accelerate to the desired speed. The ob s erver 

filled the fuel meter to a level slightly above the top mark on the 

scale and syphoned off the excess, leaving the fuel level at the cor-

rect starting point level. 

RESET and HOLD switches. 

He then turned on the DMI and pressed the 

The driver accelerated to the desired speed and as the vehi­

cle passed the starting mark, the observer released the HOLD switch on 

the DMI and it started measuring travel distance. When the DMI indi-

cated 500 meters, the observer simultaneously started the fuel meter 

and stopwatch. At 1000 meters, he stopped one hand of the split second 

hand stopwatch. At the 1500 meter mark, stopwatch and fuel meter were 

simultaneously switched off. The vehicle stopped and the data record-

ed on the form shown in Table 6.1. Detailed descriptions uf the field 

operation are covered in Project Technical Memos ( Kaesehagen and Zani­

ewski, No. 5/76; Buller and Linder, No. 005/78). 

6 • 2 • 3 

6 
., 

• J 

Recommended Maintenance Facilitie~ (Fuel Mete~~ Only) 

Electronics Technician 

Mechanic 

Volt-ohm meter 

Hand tools 

THE VOLUMETRIC FUEL METERS 

These were commercial fuel meters and they were used to mea­

sure fuel consumption over distances greater than permitted by the ca-

pacity of the reservoir fuel meters. Tw 0 mod e 1 s 0 f t his t Y pew ere us ed, 
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the 8uidyne and the Columbia. 

The Fluidyne is a very accurate~ precision-machined~ expen­

sive instrument~ which was quickly removed from service because it was 

damaged by contaminants normally found in the local fuel. It was not 

suitable for use in rugged environments a 

The Columbia systems model was better suited for the project 

and the operational environment~ but its resolution was much less than 

the Fluidyneo However, its cost was about one quarter of that of the 

Fluidyne and its lower precision construction allowed repairs to be 

made by the PIeR team, rather than the manufacturer. The Columbia sys­

tem consisted of a fuel filter, flowmeter~ electro-mechanical digital 

readout unit and a diesel return-fuel tanka The major components are 

shown in Figure 6.6 0 

shown in Figure 6.7. 

A schematic diagram of the Columbia system is 

F.-teR..d OpeJta.t.-toYL 

This is basically the same for both systems and consists of 

setting the display to zero or noting the reading displayed at the start 

of the measurement distance, driving the vehicle to the termination 

point and noting the final reading. The difference between these two 

readings is the amount of fuel consumed over the distance indicated on 

the Distance Measuring Instrument or the vehicle odometer. 

The only difference between the two makes is that the Fluidyne 

readout unit must be reset whenever the engine is started and read be­

fore it is switched offo This can require that a series of readings 

be summed to obtain the total amount of fuel consumed over a long dis-

tance. 

stopsa 

6.3. 2 

The Columbia readout is unaffected by engine starts and 

Aeeu..Jtaey 

Since this system has a digital readout, reading errors are 

eliminated and accuracy depends solely on the accuracy and resolution 

of the instruments used. 
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The resolution of the Columbia fuel meter is 1/100 of a U.S. 

gallon for one model and 1/1000 of a U.S. gallon for a second model. 

The resolution of the Fluidyne fuel meter is to a milliliter, 

the distance measuring instrument to 1/10 meter, and a vehicle odome­

ter to 1/10 kilometer. 

6.3. 3 Sou~ee~ 06 P~oblem~ 

Initially, fuel pressure problems were encountered on some 

of the larger vehicles requiring a larger fuel pump to be fitted in 

place of the vehicle's existing pump. The 1300 cc Volkswagen never was 

able to use either fuel meter due to insufficient fuel flow. Every 

type of pump available was tried but none worked. Finally, a reser­

voir type fuel cylinder was installed on the VWs for long-range fuel 

measurement. 

Air leaks at connection points occurred during installation 

causing inaccurate readings. These could have occurred again due to 

vibration, but did not during the short time the instruments were in 

service. 
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