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DETERMINATION OF PERFORMANCES OF AN INTERNAL COMBUSTION ENGINE WITH AIR PROPELLER IN THE AERODYNAMIC EXPERIMENT

IEKŠDEDZES DZINĒJA AR GAISA PROPELLERI RAKSTURLIELUMU NOTEIKŠANA AERODINAMISKAJĀ EKSPERIMENTĀ

V. Yermakow, I. Pavelko
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Choice of an optimum power-plant is the essential problem at creation of the ultra-light unmanned aerial vehicle. In the decision of this problem the significant place occupies aerodynamic experiment, in which we can to determine the thrust curves and speed performances of a power-plant, as well as a propeller’s coefficients of efficiency for the various modes of behavior. The results included in an abstract reached were obtained during RTU research project “The problems of ultra-light unmanned aerial vehicle” Nr. F-6971 and Nr.ZP-2006/17.

An experiment was executed with the two types of motors, which uses for the models aircrafts: MDS0.78 with the 362mm×148mm propeller and MDS1.48 with 17”x8” and 16”x10” propellers. According to the information given by the manufacturer [1, 2], the following parameters of motors are known:

1.table

	Model


	Cubic capacity, 
cm3

	Bore size, mm


	Piston stroke,
 mm


	Effective power, kW(hp)


	Operational band of rotational frequency, rpm

	Mass,
 kg



	MDS0.78


	12.9
	26.2
	24.0
	1.7(2.3)
	2500 - 17500
	0.685

	MDS1.48


	24.5
	32.5
	29.6
	2.2(3.11)
	2000 - 10000
	0.835
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Experiment was executed by a standard technique [7]. As a sensitive element were applied strain-gauge balance [5] (fig. 1 and 2). We used for registration and data processing the digital system of manufacture ZAO L-CARD loaded in a PC , which displays digital signals acting from strain-gauge beam  (Fig. 3 and 4).
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The following experiments were executed, and the results are received:
1. When you start-up motor MDS0.78 and changing his turns by throttle flap removing (Fig.5), a digital signal was change, which corresponds to the propeller traction change R. The motor work modes were looked after thus: n1=5730 rpm, n2=6360 rpm, n3=7600 rpm. 
2. The rotary speed/min was measured by the digital tachometer (Fig.6.). The alike operations were done after fastened strain-gauge beam in the motor apartment aerodynamic tunnel (Fig. 7.). Basic indexes of an aerodynamic tunnel:

· measure work area: diameter Dd=800 mm, length ld=1200 mm;

· entrance diameter Dent=1800 mm;

· output diameter Dout=1650 mm;

· maximum stream rapid vmax=18.3 m/s; 
· minimum stream rapid vmin=2 m/s.
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Measurements were executed for various values of speed of an air stream (v1=10.4 m/s, v2=12.7 m/s, v3=15 m/s). To each combination of parameters n and v meets one or several measuring. As a result throttle characteristics of motor MDS0.78 R (n) are received at various speeds v of a stream (fig. 8) and high-speed characteristics R (v) at various frequencies of revolutions n (fig. 9). 
Results comparison of experiment with settlement parameters [3, 4, 8] testifies, that more exact results are received at the greatest revolutions (n3=7600 rpm, the mistake of experiment does not exceed 15 %), and also in a bench mode (v0=0, the mistake of experiment is less than 4 %). The mistake of experiment was counted up under the formula
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where Xteor and Xexp_aver are accordingly theoretical and average experimental values of the appropriate values. Other results as it is possible to believe rather exact, excepting measurements which meet n1=5730 rpm and n2=6360 rpm at v3=15 m/s. 
3. According to a similar technique experiments with motor MDS1.48 were carried out. The Measuring system was added with one more channel. Thus, two parameters of a power-plant were measured: draft of propeller R and twisting moment Mk. Throttle characteristics R (n) and Mk (n) (Fig. 10) were removed in a bench mode (v=0, fig. 5) to revolutions n1=3000 rpm, n2=4900 rpm, n3=6000 rpm, n4=8600 rpm by results of numerous measurements for each mode. As mover the propeller 17″×8″ was used. Processing results of experiment, with known formulas values of the capacity consumed by a propeller, N, hp were calculated, and also factors of draft and capacity of a propeller, which dependence from n also are shown on fig. 10:
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The analysis shows, that the most exact results on draft meet to a mode n3=6000 rpm (a mistake of experiment was 8.8 %), and on capacity - for a mode n4=8600 rpm (a mistake of experiment is 1.3 %). Thus in the named modes of the indication of the measuring equipment appeared the most stable. For the most authentic it is possible to accept the results appropriate to a mode n3=6000 rpm as they were received according to the maximal number of gaugings (nine gaugings R and five gaugings Mk). Proceeding from these reasons, for a mode of settlement revolutions have chosen n3=6000 rpm. 
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4. In experiment of definition of high-speed characteristics MDS1.48 other was used движитель - пропеллер16″×10 ″. It was executed on three gaugings for values of speed of a stream of air v1=10.4 m/s, v2=14m/s at settlement revolutions. Characteristics of a propeller 
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 (fig. 11) and 
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 (fig. 12), and also dependence of efficiency of a propeller on factor of speed of a stream 
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 (fig. 13) are determined. 
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The analysis has shown, the most exact results are correspond to speed of a stream v2=14 m/s when the mistake of experiment was not more than 28 % for factor of capacity, 6 % for factor of draft and 22 % for efficiency. 
As a result of carried out works was developed the experimental stand for definition: the throttle and the speed performances of a power-plant and for efficiency of a propeller also. The technique of experiment is developed, authentic results are received. 

However necessity of improvement of the experimental stand creation of a modern measuring complex that precisely will allow to determine aerodynamic characteristics of various objects in stationary and in a non-stationary stream is ascertained. 

Expected results directly can be used in designing and in manufacturing the ultra-light unmanned aerial vehicle. Results will promote an optimum choice of elements of a power-plant and structures of carrying surfaces. Expected results can be useful at the decision tasks for wind energetic also.
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Jermakovs V., Pavelko I. Iekšdedzes dzinēja ar gaisa propelleri raksturlielumu noteikšana aerodinamiskajā eksperimentā.

Spēka iekārtas optimālā izvēle ir būtiskā problēma īpaši vieglo bezpilota lidaparātu izstrādāšanas procesā. Šī uzdevuma risināšanā nozīmīgo vietu ieņem aerodinamiskais eksperiments, kurā nosaka spēka iekārtas droselēšanas un ātruma raksturlielumus, kā arī propellera lietderības koeficientu dažādos režīmos. Rakstā aplūkota eksperimenta izpildes tehnoloģija un parādīti rezultāti: droselēšanas un ātruma raksturlielumi pēc vilkmes motoram MDS0.78 ar 362mm×148mm propelleri; droselēšanas raksturlielumi pēc vilkmes un jaudas motoram MDS1.48 ar 17″×8″ propelleri; ātruma raksturlielumi pēc vilkmes un jaudas motoram MDS1.48 ar 16″×10″ propelleri, kā arī 16″×10″ propellera lietderības koeficienta sakarība ar gaisa plūsmas ātruma koeficientu. Dota eksperimentālo un pieejamo teorētisko rezultātu salīdzināšana. Eksperimenta rezultātus var izrādīties par noderīgiem īpaši viegla bezpilota lidaparāta projektēšanā un izgatavošanā nesošo virsmu profilu un spēka iekārtas elementu optimālās kombinācijas nodrošināšanai. 
Yermakow V., Pavelko I. Determination of Performances of an Internal Combustion Engine with Air Propeller in the Aerodynamic Experiment.

An optimal choice of a power plant is an important problem when ultra-light unmanned aerial vehicle work out. Aerodynamic experiment is a significant part of this problem solution. Aim of experiment is to determine throttle and speed performances of a power plant, also efficiency coefficient of propeller for different modes. A technology of execution of the experiment is considered in the paper and the results are shown: throttle performances on the thrust of MDS0.78 motor with 362mm×148mm propeller; throttle performances on the thrust and power of MDS1.48 motor with 17″×8″ propeller; speed performances on the thrust and power of MDS1.48 motor with 16″×10″ propeller. Dependency of an efficiency coefficient of 16″×10″ propeller under air flow speed coefficient is also gotten. A comparison of experimental and accessible theoretical results is given. The results of experiment can be useful when design and manufacture ultra-light unmanned aerial vehicle to provide an optimal combination of profiles of the load carrying surfaces and elements of power plant. 

Ермаков В., Павелко И. Определение характеристик двигателя внутреннего сгорания с воздушным винтом в аэродинамическом эксперименте.

Оптимальный выбор силовой установки является важной проблемой в процессе разработки сверхлегкого беспилотного летательного аппарата. При решении этой задачи существенное место занимает аэродинамический эксперимент, в ходе которого определяются дроссельные и скоростные характеристики силовой установки, а также коэффициент полезного действия винта на различных режимах. В статье рассматривается технология выполнения эксперимента и показаны результаты: дроссельные характеристики по тяге мотора МДС0.78 с винтом 362мм×148мм; дроссельные характеристики по тяге и мощности мотора МДС1.48 с винтом 17″×8″; скоростные характеристики по тяге и мощности МДС1.48 с винтом 16″×10″, а также зависимость кпд винта 16″×10″ от коэффициента скорости потока воздуха. Дано сравнение экспериментальных и доступных теоретических результатов. Результаты эксперимента могут оказаться полезными при проектировании и изготовлении сверхлегкого беспилотного летательного аппарата для обеспечения оптимального сочетания профилей несущих поверхностей и элементов силовой установки.  

Fig. 2. The center shaft of strain-gauge beam


            with strain-gauge sensors. 








Fig. 1. Fixing of the motor by vice unit with


            a strain-gauge beam.








Fig. 3. Connection of the plant to a computer.





Fig. 4. Display of a signal from the strain-


           gauge sensors on the monitor.





Fig. 6. A digital tachometer.





Fig. 5. Change of revolutions


           by throttle flap.





Fig. 7. Experimental plant in a wind tunnel.





Fig. 8. The throttle characteristics of motor MDS0.78 with the propeller 362mm×148mm.





Fig. 9. High-speed characteristics of motor MDS0.78 with the propeller 362mm×148mm.








Fig. 10. Throttle characteristics of motor MDS1.48 with the propeller 17″×8 ″.


 





Fig. 11. The speed ability of MDS1.48 motor with


             the propeller 16″×10 (thrust distribution).








Fig. 12. The speed ability of MDS1.48 motor with the propeller 16″×10″ (power distribution).








Fig. 13. Efficiency of a propeller 16″×10″ (velocity distribution).
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