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ABSTRACT
The main objective of this study is to express the fuel consumption change with speed change on Egyptian roads. In addition, to develop a model that relates the fuel consumption to speed. To do that, field tests have been conducted on two types of cars; passenger car and pick up truck. A digital multi-meter device was used to measure the fuel consumption at each single speed value. The tests were conducted on a straight portion of the ring road around Cairo. The fuel consumption was measured three times for each speed value starting 10 km/hr till 120 km/hr with 10 km/hr increment. The results showed that the optimum speed (for minimum fuel consumption) is 60 km/hr for the passenger car and 80 km/hr for the pick up truck.
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1.   INTRODUCTION
          The problem scope is to find out how the rate of fuel consumption on Egyptian roads can be determined practically for different types of vehicle at various speeds. In addition, asses the best models for fuel consumption as a function in speed for various types of cars.
Therefore, the main objectives of this paper are to determine the rate of fuel consumption at various speeds for different types of vehicles and to calibrate a model that relates the fuel consumption with speed.
2.   LITERATURE REVIEW
Fuel consumption is simply the "total quantity of fuel consumed by a vehicle in a road network in a specified area and time period. In metric system, this volume of fuel is generally expressed in liters [1].
Fuel consumption per kilometer is also known as "specific fuel consumption" refers to liters consumed per 100 kilometers traveled as "fuel consumption rate", in some studies that compare alternative fuel sources, fuel consumption rate is measured in mega joules per kilometer traveled[2].
The characteristics of the vehicle that affect fuel consumption are vehicle mass, the fuel used in maintaining engine operation (estimated by the idle rate), engine efficiency, energy efficiency during acceleration, rolling resistance, and aerodynamic resistance [3].

The primary characteristic of the roadway that affects fuel consumption is the percentage gradient. Fuel consumption increases with speed because the total force needed to drive the vehicle increases. Aerodynamic resistance increases proportionally with speed. Fuel consumption also increases with acceleration [4].

Some researchers stated that fuel consumption rate of a vehicle per unit distance exhibited a convex function with respect to cruise speed. Specifically, the fuel consumption rate decreased from the highest rate, at the lowest speed (10 km/hr), reaching its minimum at a speed of approximately 80 km/hr and then increasing again with an increase in the cruise speed [5]. This can be illustrated by Fig. 1.
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Fig. 1.  Speed to vehicle operating cost relationship [5].
The fuel consumption value is relatively low when driving speed is in the middle range and relatively high when the driving speed is at low and high ends [6].
There are many factors that impact the fuel consumption for a vehicle; these factors can be divided into following parts:                                        
- Thermodynamic efficiency of the engine to transfer heat into mechanical power.      

- Rolling resistance due to tire and pavement effect for each wheel.

- Air resistance effect of speed and aerodynamic shape.

- Gradient resistance effect of road slope and vehicle mass.

- Inertia resistance effect of vehicle mass and acceleration.

- Driveline losses in the vehicle.
Approximately 12% of the fuel consumption for heavy trucks is accounted for by the rolling resistance losses in the tires at a constant speed of 80 km/h, this energy loss represents approximately 30% of the available mechanical power from the engine crankshaft [7].
Other researchers had derived the relation between vehicle operating cost and speed using HDM-VOC software. The same conclusion has been obtained for all types of     vehicles [8].
Other researchers (outside Egypt) stated that much vehicle depreciation is due to the simple passage of time, but some fraction is dependent on the number of miles that the vehicle has been driven for calculating vehicle operating cost VOC for private car, however, the methodology for determining truck operating costs differs substantially from that of passenger vehicles, a standard five-axle semi trucks was chosen as the average truck size for calculating the average values of operating cost for all trucks ,the fuel consumption for trucks was assumed to be 7 miles per gallon, the cost of repair and maintenance was estimated for trucks to be 10.5 cents per mile, also a value of 3.5 cents per mile was used as a cost of tires, a depreciation rate was chosen as 8 cents per miles [9].
3.   FIELD WORK
The road section characteristics, the car used in the test, and the method used for measuring the rate of fuel consumption are the main factors that affect the field work in this study. The experimental work has been carried out on a road section over which a variety of speeds ranging between 10 km/hr and 120 km/hr can be obtained an increment of 10 km/hr was utilized. Each speed run was repeated three times for accurate fuel consumption estimation. The average fuel consumption for each speed value has been determined. The chosen road section for the test program was about 10 Km from the ring road between El Mehwar and the Alexandria agricultural road. 
The cars used in the test are taken as two different types of vehicle. The first is a passenger car (KIA Shuma) model 2000 with four cylinders, 1500cc, manual gear, with an accurate fuel gauge. The second is a Mitsubishi pick-up truck model 2002 with four cylinder, 2500cc, and manual gear.

To measure the rate of fuel consumption accurately, a Digital Multi-meter has been used. This device can be used to read the current by mille-Ambers (mA). It was connected between the fuel gauge of the car and the fuel tank to read and calibrate the fuel tank when completely full and when empty as shown in Fig. 2. 
The reading was taken when the tank is empty, then readings were recorded after the addition of repeated five liters till the tank became full. A curve was drawn between the different readings of "Digital Multi-meter" and the corresponding fuel value in the tank. In addition, a relation between them was obtained as shown in Fig. 3.
Before every trial, the reading of the digital multi-meter was taken to know the volume of fuel in the tank by liters. A reading was also taken at the end of the test to know exactly the fuel consumed in each trip. The same steps were followed for the second car.
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Fig. 2. The Digital Multi-meter.
[image: image3.emf]y = 0.00038x

3

 - 0.07007x

2

 + 5.07599x - 120.59137

R

2

 = 0.98734

0

5

10

15

20

25

30

35

40

45

45 50 55 60 65 70 75 80 85 90

Avo reading (mA)

Fuel Volume (Lit.)


Fig. 3. The estimated curve to calculate the fuel volume in the tank by Digital Multi-meter for passenger car.
4.   DATA ANALYSIS AND RESULTS
The fuel consumption against speed for the passenger car has been plotted as shown in Fig. 4. The fuel consumption is the average fuel consumption for the three trials at each speed.
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Fig. 4.  Relationship between the speed and fuel consumption for the passenger car from test field.
A regression model obtained for this curve which describes the relationship between the fuel consumption and different speeds is represented in Eq. (1): 


FC = ( -4*10-7 ) S3 + 0.0001 S2 - 0.0081 S + 0.2516  
              (1)
         ( R2 =0.9858 )
where:

S    : the average speed in km/hr (for S > 10 km/hr)
FC : the fuel consumption in liter per km  
            R2  : square of the correlation coefficient.
Fig. 5 shows the results of the same analysis for the pick-up truck. 

[image: image5.png]140

120

100

80

60
Speed (km/hr)

40

e

w ¥ o N = o
S S o o o
(unjay)uopdwinsuod jany




Fig. 5. Relationship between the speed and fuel consumption for the pick-up truck.
Another regression model was obtained from this curve which describes the relationship between the fuel consumption and different speed represented in Eq. (2): 

FC = ( -9*10-7 ) S3+ 0.0002 S2 - 0.0175 S + 0.5636   
       (2)
           ( R2 = 0.9166 )
where:

S    : the average speed in km/hr (for S > 10 km/hr)

FC : the fuel consumption in liter per vehicle km  

            R2  : square of the correlation coefficient.
5.   CONCLUSIONS 
5.1 For Passenger Car 
1. Results showed that at speeds from 10 to 50 km/hr the passenger car consumes a large amount of fuel. It was high with lower speed 10 km/hr and decreased gradually with speed increase. 

· At 10 km/hr the fuel consumption was about 0.1867 liter per km and when the speed reached 50 km/hr the fuel consumption was 0.0633 liter per km.

· The average consumption rate at speeds from 10 to 50 km/hr was 0.106 liter per km.

2. At the speed of 60 km/hr the fuel consumption reached a minimum amount of about 0.06 liter per km. 

3. At higher speeds from 80 to 120 km/hr, the fuel consumption increased slightly with speed increase from 0.07 to 0.08 liter per km with an average consumption rate of 0.0766 liters per km.

Therefore, the rate of the average fuel consumption at low speeds from 10 to 50 km/hr is greater than fuel consumption at speed 60 km/hr by 43.3 %.

However, the rate of the fuel consumption at high speeds from 80 to 120 km/hr is greater than fuel consumption at speed 60 km /hr by 21.6 %.
5.2 For Pick-up Truck
1. Results showed that at speeds from 10 to 50 km/hr the Pick-up truck consumes a large amount of fuel. It was high with lowest speed and decreased gradually with speed increase.  

· At 10 km/hr, the fuel consumption was about 0.45 liter per km and when the speed reached 50 km/hr the fuel consumption was 0.1667 liter per km. 

· The average consumption rate at speeds from 10 to 50 km/hr was 0.248 liter per km.

2. At speed of 80 km/hr, the pick-up truck consumes a minimum amount of fuel. The fuel consumption reached a minimum amount of about 0.15 liter per km. 

3. At higher speeds from 90 to 120 km/hr, the fuel consumption increased slightly from 0.1533 to 0.17 liter per km with average consumption rate of 0.1625 liters per km.

The rate of the fuel consumption at low speeds from 10 to 50 km/hr is greater than fuel consumption at speed 80 km/hr with percentage 39.5 %.

The rate of the fuel consumption at high speeds from 90 to 120 km/hr was greater than fuel consumption at speed 80 km/hr with a percentage about 7.7 % only.
· The fuel consumption economic speed for passenger cars may be approximated at 60 km/hr, and for the pick-up car the economic speed may be approximated at 80 km/hr.

· As a result the vehicle operating cost (VOC) will be reduced at these speeds, also which lead to reduce the emissions and the air pollution.

· It's clear that rate of saving fuel consumption will be effective at the lowest speeds than the higher speeds. 

6.    RECOMENDATIONS
· In economic studies, the derived relations should be used to calculate results of improvements for a certain facility; this is only for one car model and type which was used in this study.
· Similar field tests should be made using different vehicle types such as mini-bus, bus, and truck (light, medium, heavy) and develop different models. 

· A wider range of fuel types should be investigated (solar, natural gas, and 80, 92, 95 gasoline).

· Other geometric road characteristics should be tested such as gradients, uphill or downhill travel, vertical curvature, super elevation …etc.
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إ ستنتاج العلاقة بين السرعة و إستهلاك الوقود

وفقاً لظروف الطرق المصريه

            إن الهدف الرئيسي من هذا البحث هو حساب معدل استهلاك الوقود عند السرعات المختلفة باستخدام القياسات الحقلية بالاضافة الى ايجاد علاقة بين السرعة ومعدل استهلاك الوقود لكل كم. ولتنفيذ ذلك فقد تم استخدام نوعين من المركبات هما السيارة الخاصة والسيارة البيك اب. وقد تم استخدام جهاز قياس شدة التيار الكهربائي لقياس معدل استهلاك الوقود عند كل قيمة للسرعة. وقد تم إجراء هذه الاختبارات على قطاع مستقيم من الطريق الدائري حول القاهرة بطول 10 كم. وقد تم القياس للسرعات المختلفة (بين 10 – 120 كم/ساعة) بمعدل تزايد 10 كم /ساعة. وقد أظهرت النتائج أن السرعة المثلى من ناحية استهلاك الوقود للسيارة الخاصة هي 60 كم /ساعة وللسيارة البيك اب هي 80 كم /ساعة . 
