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∫∑§«“¡«‘®—¬π’Èπ”‡ πÕº≈°“√∑¥≈Õß‡ª√’¬∫‡∑’¬∫ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈–·√ßµâ“π ¢Õß‚√‡µÕ√åÕÕ‚µ‰®‚√·∫∫„™â
‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß °—∫·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬« ‚¥¬™ÿ¥‡æ≈“√à«¡·°π Õß‚√‡µÕ√å
ª√–°Õ∫¥â«¬™ÿ¥¥ÿ¡‚√‡µÕ√å®”π«π 2 ™ÿ¥ ‚√‡µÕ√å™ÿ¥≈à“ß°—∫™ÿ¥∫ππ—Èπ·µà≈–™ÿ¥ª√–°Õ∫¥â«¬„∫‚√‡µÕ√å 2 „∫  à«π·∫∫
‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¡’¥ÿ¡‚√‡µÕ√å 1 ™ÿ¥ ª√–°Õ∫¥â«¬„∫‚√‡µÕ√å 2 „∫ ‚√‡µÕ√å∑—Èß 2 ·∫∫π—Èπ „™â¿“§µ—¥ªï°·∫∫
Clark Y ¢π“¥§Õ√å¥ 6 ´¡. §ß∑’Ë Õ—µ√“ à«π§«“¡Àπ“µàÕ§«“¡¬“«§Õ√å¥¢Õß°≈’∫„∫‚√‡µÕ√å‡∑à“°—∫ 0.116 §«“¡¬“«„∫
‚√‡µÕ√å 35.7 ´¡. ‰¥â∑¥≈Õß„πÕÿ‚¡ß§å≈¡§«“¡‡√Á«µË”·∫∫‡ªî¥ ‚¥¬»÷°…“º≈°√–∑∫¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å„π™à«ß 0°

∂÷ß -15° º≈°“√‡Õ’¬ß¡ÿ¡·°π‡æ≈“‚√‡µÕ√å„π™à«ß 0° ∂÷ß 45° ·≈–§«“¡‡√Á«≈¡‡¢â“À“™ÿ¥‚√‡µÕ√å„π™à«ß‰¡à‡°‘π 9 ¡./«‘π“∑’
‰¥âæ∫«à“‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß·≈–·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«π—Èπ ¡’ Õß°√≥’∑’Ë
‚√‡µÕ√å∑—Èß Õß·∫∫π’È‰¡à‡°‘¥°“√À¡ÿπ ‰¥â·°à °√≥’·√°‡¡◊ËÕ¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 0° ·≈–¡’¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å 0°

∂÷ß -15° ·≈–°√≥’∑’Ë Õß∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 45° ·≈–¡’¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å 0° ‰¥âæ∫«à“°“√‡æ‘Ë¡§«“¡‡√Á«
≈¡ ‡æ‘Ë¡¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å·≈–‡æ‘Ë¡¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å  àßº≈„Àâ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ß
µâ“π‚√‡µÕ√å∑—Èß 2 ·∫∫ ¡’§à“‡æ‘Ë¡¢÷Èπ ·µà¡’º≈„ÀâÕ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å≈¥≈ß æ∫«à“¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å∑’Ë
0° ≥ ¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 15° ·≈– 30° π—Èπ „Àâ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π¢Õß‚√‡µÕ√å Ÿß ÿ¥„π
·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å ·µà∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 45° ®–‡°‘¥∑’Ë¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å -2°  à«π°√≥’
„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«æ∫«à“∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 15° 30° ·≈– 45° ®–‡°‘¥∑’Ë¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å
-2°  §à“ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß ÿ¥„π°√≥’„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß‡∑à“°—∫
4.130 ·≈–‡°‘¥∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 45° ¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å -2° ·µà°√≥’„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«§à“
 —¡ª√– ‘∑∏‘Ï·√ß∑—Èß Õßπ—Èπ‡∑à“°—∫ 2.471 ´÷Ëß‡°‘¥∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 45° ¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å -2° ‚¥¬ √ÿª
º≈æ∫«à“‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°ππ—Èπ„Àâ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π ∑’Ë Ÿß°«à“·∫∫„™â‡æ≈“·°π‡¥’¬«
ª√–¡“≥√âÕ¬≈– 54.21 52.53 ·≈–√âÕ¬≈– 47.25 ∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 15° 30° ·≈– 45° µ“¡≈”¥—∫

§” ”§—≠ : ‚√‡µÕ√åÕÕ‚µ‰®‚√ / ‡æ≈“√à«¡·°πÀ¡ÿπ «π∑“ß / ‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬« /  —¡ª√– ‘∑∏‘Ï·√ß¬° /
 —¡ª√– ‘∑∏‘Ï·√ßµâ“π

≈—°…≥–¢Õß —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π¢Õß‚√‡µÕ√åÕÕ‚µ‰®‚√

·∫∫‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß°—∫·∫∫‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«

√—∫‡¡◊ËÕ 19 °—π¬“¬π 2550  µÕ∫√—∫‡¡◊ËÕ 11  ‘ßÀ“§¡ 2551
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This article reported the comparative experimental study of lift and drag coefficients of 2 types

autogiro rotors, i.e., the co-axial 2-rotors contra-rotating and the conventional single shaft rotor.  The

contra-rotating type consisted of 2 hubs, whereas the single shaft rotor engaged only 1 hub. Each hub of any

particular rotor type was identical in size and attached with a similar size of 2 rotor blades.  Each blade was

Clark Y airfoil section, rectangular platforms, non-twist with a constant chord of 6 cm. and 37.5 cm. length.

With the thickness-to chord ratio of 0.116.  Test was conducted using an open type low speed wind tunnel.

Three combinations of dependent parameters were emphasized, i.e., the effective setting pitch angle of

blade in the range of 0° to -15°, the tilt angle of rotor shaft setting in the range of 0° to 45° and variable of

free air stream to the maximum of 9 m/s. The result showed that both rotor types did not rotate if setting at

the tilt angle of 0° and any blade pitch angle of 0° to -15°, as well as the particular tilt angle of 45° but with

the blade pitch angle of 0°.  It was also being observed that the increasing magnitudes of air velocity,

including the blade pitch angle, as well as the tilt angle caused the escalating of lift and drag coefficients for

both rotor types, however those action caused retreating of the tip speed ratio.  For the contra-rotating rotor,

the best lift and drag coefficients can be obtained under the following combination; that blade pitch angle of

0° with tilt rotor shaft angles of 15° and 30°, and at the blade pitch angle of -2° with the tilt rotor shaft angle

of 45°.  For the contra-rotating rotor, maximum identical values of the lift and drag coefficients were

reached at 4.130, at the particular tilt angle of 45° and with the blade pitch angle being set at -2°.  Cor-

respondingly, at the same tilt angle of 45° and the blade pitch angle of -2°, for the single shaft-single rotor

canbe accessible to the lift and drag coefficients at the vicinity of 2.471.  In conclusion, contra-rotating

rotor when compare to a single rotor, offered higher values of both lift and drag coefficients at 54.21%,

52.53% and 47.25% at the tilt of rotor shaft of 15°, 30° and 45° respectively.

Keywords : Autogiro Rotor /  Coaxial Shafts - Two Rotors Contra-rotating / Single Shaft-Single

Rotor / Lift Coefficient / Drag Coefficient
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1. ∫∑π”
¬“πÕÕ‚µ‰®‚√‡ªìπÕ“°“»¬“π·∫∫ªï°À¡ÿπ∑’Ë∂Ÿ° √â“ß

·≈–„™âß“π„π™à«ßªï §.». 1920 ∂÷ß §.».1940 Leishman
[5] ®“°π—Èπ¬“π°Á¡’°“√π”¡“„™âß“ππâÕ¬≈ß “‡Àµÿ‡°‘¥®“°
°“√‡¢â“¡“·∑π∑’Ë¢Õß‡Œ≈‘§Õª‡µÕ√å „πªí®®ÿ∫—π≈—°…≥–
¢Õßß“π¡’À≈“¬√Ÿª·∫∫∑”„Àâ¡’·π«§‘¥∑’Ë®–π”¬“πÕÕ‚µ‰®
‚√¡“„™âß“πÕ’°§√—Èß ‚¥¬ÕÕ‚µ‰®‚√¡’À≈—°°“√∑”ß“π§◊Õ ‡¡◊ËÕ
¡’°√–· ≈¡‰À≈ºà“π™ÿ¥‚√‡µÕ√åÀ√◊Õ„∫æ—¥À≈—° ®–‡°‘¥°“√
À¡ÿπ¥â«¬µ—«‡ÕßÕ¬à“ßÕ—µ‚π¡—µ‘ (Autorotation) ·≈–‡°‘¥
·√ß¬°¢÷Èπ∑’Ë‚√‡µÕ√å ·√ß¬°¢Õß‚√‡µÕ√å‡°‘¥®“°§«“¡·µ°
µà“ß§«“¡¥—π∑’Ë∫√‘‡«≥º‘«¥â“π≈à“ß°—∫§«“¡¥—π∫√‘‡«≥º‘«
¥â“π∫π¢Õß°≈’∫‚√‡µÕ√å  à«π·√ß¢—∫¢Õß¬“π‡°‘¥®“°
„∫æ—¥¢—∫µ“¡·π«°“√‡§≈◊ËÕπ∑’Ë¢Õß¬“π´÷Ëß‰¥â√—∫°”≈—ß®“°
‡§√◊ËÕß¬πµå  —¡æ—π∏å ‰™¬‡∑æ [4] ®“°ß“π«‘®—¬∑’Ëºà“π¡“‰¥â
¡’ºŸâ π„®·≈–»÷°…“ß“π¥â“ππ’ÈÀ≈“¬°√≥’∑’Ë ”§—≠¡’¥—ßπ’È ™“µ√’
§Õ¬·°àπ [1] ‰¥â»÷°…“∂÷ß ¡√√∂π–·√ß¬°‚√‡µÕ√å„π
 ¿“«–ÕÕ‚µ‰®‚√‚¥¬„™â¿“§µ—¥ªï°·∫∫ NACA 0015 æ∫
«à“ ¡√√∂π–·√ß¬°‚√‡µÕ√å®“°°“√∑¥ Õ∫∑’Ëµ”·Àπàß¡ÿ¡
‡Õ’¬ß·°π‡æ≈“ 15°, 30° ·≈– 45° ·√ß¬°¡’·π«‚πâ¡
‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡‡√Á«≈¡·≈–µ”·Àπàß¡ÿ¡‡Õ’¬ß¢Õß·°π‡æ≈“
‚√‡µÕ√å‡æ‘Ë¡¢÷Èπ ∏«—™™—¬ æ—≤™π– [2] ‰¥â√“¬ß“πº≈°“√
»÷°…“°“√ª√–‡¡‘π ¡√√∂π–ªï°À¡ÿπ∑’Ë„™â¿“§µ—¥ªï°·∫∫

´

NACA0012-B æ∫«à“·√ß¬°„π·π«·°π·≈–·√ß∫‘¥∑’Ë‰¥â
®“°°“√ª√–‡¡‘π¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπµ“¡§«“¡‡√Á«√Õ∫¢Õß
ªï°À¡ÿπ∑’Ë‡æ‘Ë¡¢÷Èπ

§«“¡‡√Á«≈¡ ¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å ·≈–¡ÿ¡æ‘∑™å
ªï°°≈’∫„∫‚√‡µÕ√å ¡’º≈µàÕ·√ß¬° ·√ßµâ“π ·≈–§«“¡‡√Á«
√Õ∫°“√À¡ÿπ¢Õß‚√‡µÕ√å ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß π„®∑¥≈Õß
»÷°…“‡ª√’¬∫‡∑’¬∫º≈¢Õßªí®®—¬∑’Ë°≈à“«∂÷ßπ’È‚¥¬‡ª√’¬∫„π
≈—°…≥–  —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π¢Õß
‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß ‚√‡µÕ√åÀ¡ÿπ «π∑“ß
°—∫·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«∑’Ë ¿“«–ÕÕ‚µ‰®‚√

2. ∑ƒ…Æ’∑’Ë‡°’Ë¬«¢âÕß
2.1 §ÿ≥≈—°…≥–¢Õß¿“§µ—¥ªï°·∫∫ Clark Y

¿“§µ—¥ªï°·∫∫ Clark Y ‡ªìπ¿“§µ—¥ªï°∑’Ë¡’º‘«≈à“ß (Lower
surface) √“∫µ√ß·≈–‡ªìπ¿“§µ—¥ªï°∑’Ë¡’·§¡‡∫Õ√å Ÿß
≈—°…≥–‡¥àπ¢Õßº‘«≈à“ß∑’Ëµ√ß®–™à«¬„Àâ°“√ √â“ß„∫‚√‡µÕ√å
∑”‰¥âßà“¬·≈–¿“§µ—¥ªï°∑’Ë¡’·§¡‡∫Õ√å Ÿß®–¡’º≈µàÕ°“√
‰À≈¢ÕßÕ“°“»ºà“π∑’Ë§«“¡‡√Á«µË”´÷Ëß®–∑”„Àâ¡’·√ß¬° Ÿß
°«à“¿“§µ—¥ªï°·∫∫ ¡¡“µ√ √Ÿª∑’Ë 1 · ¥ß‡ âπ·π«‚πâ¡
 —¡ª√– ‘∑∏‘Ï·√ß¬°°—∫ —¡ª√– ‘∑∏‘Ï·√ßµâ“π‡∑’¬∫°—∫¡ÿ¡
ª–∑–¢Õß¿“§µ—¥ªï°·∫∫ Clark Y

√Ÿª∑’Ë 1  ‡ âπ·π«‚πâ¡§à“ CL °—∫ CD ‡∑’¬∫°—∫¡ÿ¡ª–∑–¢Õß¿“§µ—¥ªï°·∫∫ Clark Y Rice [6]
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2.2  —¡ª√– ‘∑∏‘Ï·√ß¬°·≈–  —¡ª√– ‘∑∏‘Ï·√ßµâ“π
‚√‡µÕ√å
‡ªìπµ—«‡≈¢‰√âÀπà«¬∑“ßÕ“°“»æ≈»“ µ√å„™â

Õ∏‘∫“¬°“√‡°‘¥·√ß∑’Ë°√–∑”µàÕ¿“§µ—¥ªï° ‡¡◊ËÕ°√–· ≈¡
‰À≈ºà“π¿“§µ—¥ªï° ·√ß∑’Ë¡’∑‘»∑“ßµ—Èß©“°°—∫§«“¡‡√Á«

°√–· ≈¡Õ‘ √–‡√’¬°«à“·√ß¬° ·≈–·√ß∑’Ë¡’∑‘»∑“ß‡¥’¬«
°—∫§«“¡‡√Á«°√–· ≈¡Õ‘ √–‡√’¬°«à“·√ßµâ“π æ‘®“√≥“√Ÿª∑’Ë
2 ®–‰¥â  —¡ª√– ‘∑∏‘Ï·√ß¬° (C

L
1
) ·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π

(C
D

2
) ¢Õß‚√‡µÕ√å·∫∫‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¥—ßπ’È

Leishman [5]

 

√Ÿª∑’Ë 2  ·√ß¬° ·√ßµâ“π·≈–·√ß¢—∫∑’Ë‡°‘¥¢÷Èπ∫π‚√‡µÕ√å·∫∫‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«

(1)

(2)

(3)

(4)

‡¡◊ËÕ L1 §◊Õ ·√ß¬°‚√‡µÕ√å·∫∫„™â‡æ≈“·°π‡¥’¬«, N
D1 §◊Õ ·√ßµâ“π‚√‡µÕ√å·∫∫„™â‡æ≈“·°π‡¥’¬«, N
T1 §◊Õ ·√ß√ÿπ·π«·°π‡æ≈“¢Õß‚√‡µÕ√å·∫∫„™â

‡æ≈“·°π‡¥’¬«, N

ρ §◊Õ §«“¡Àπ“·πàπ¢ÕßÕ“°“», °°../≈∫.¡.
A §◊Õ æ◊Èπ∑’Ë‚√‡µÕ√å, µ√.¡.
V §◊Õ §«“¡‡√Á«≈¡∑’Ëæ—¥‡¢â“À“‚√‡µÕ√å, ¡./«‘π“∑’
δ §◊Õ ¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å, °
θ §◊Õ ¡ÿ¡æ‘∑™åªï°, °
α §◊Õ ¡ÿ¡ª–∑–, °

√Ÿª∑’Ë 3 ‡ªìπ —¡ª√– ‘∑∏‘Ï·√ß¬° (C
L

2
) ·≈– —¡ª√– ‘∑∏‘Ï

·√ßµâ“π (C
L

2
) ‚√‡µÕ√å·∫∫‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß

°”≈—ßÀ¡ÿπ «π∑“ß ∑—Èßπ’È¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß°“√°«“¥
‚√‡µÕ√å¡’¢π“¥‡∑à“°—π∑—Èß‚√‡µÕ√å≈à“ß·≈–‚√‡µÕ√å∫π‚¥¬
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(5)

(6)

(7)

(8)

‡¡◊ËÕ L2 §◊Õ ·√ß¬°‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π àß
°”≈—ßÀ¡ÿπ «π∑“ß, N

D2 §◊Õ ·√ßµâ“π‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π àß
°”≈—ßÀ¡ÿπ «π∑“ß, N

T2 §◊Õ ·√ß√ÿπ„π·π«·°π¢Õß‚√‡µÕ√å·∫∫„™â
‡æ≈“√à«¡·°π àß°”≈—ßÀ¡ÿπ «π∑“ß, N

2.3 Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å (Rotor
Advance Ratio, µ)
§◊Õ§«“¡ —¡æ—π∏å¢Õß§«“¡‡√Á«≈¡∑’Ëæ—¥‡¢â“À“™ÿ¥

‚√‡µÕ√å°—∫§«“¡‡√Á«√Õ∫°“√À¡ÿπ¢Õß„∫‚√‡µÕ√å´÷Ë ß
Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å·∫∫‡æ≈“·°π‡¥’¬«
(µ1)  “¡“√∂‡¢’¬π‰¥â¥—ßπ’È Leishman [5]

(9)

‡¡◊ËÕ §◊Õ §«“¡‡√Á«√Õ∫‚√‡µÕ√å·∫∫„™â‡æ≈“·°π‡¥’¬«,
rpm

r §◊Õ √—»¡’‚√‡µÕ√å, ‡¡µ√

·≈–¢Õ°”Àπ¥Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å
‡©≈’Ë¬°√≥’·∫∫‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ
 «π∑“ß (µ2) «à“

(10)

‚¥¬∑’ËÕ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å≈à“ß§◊Õ

(11)

·≈–Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å∫π

(12)

‡¡◊ËÕ µΒ §◊Õ Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å™ÿ¥
≈à“ß·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ
 «π∑“ß

µΤ §◊Õ Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å™ÿ¥
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∫π·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ
 «π∑“ß

§◊Õ §«“¡‡√Á«√Õ∫‚√‡µÕ√å™ÿ¥≈à“ß·∫∫„™â‡æ≈“
√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß, rpm

§◊Õ §«“¡‡√Á«√Õ∫‚√‡µÕ√å™ÿ¥∫π·∫∫„™â‡æ≈“
√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß, rpm

3. Õÿª°√≥å ‡§√◊ËÕß¡◊Õ«—¥·≈–«‘∏’°“√∑¥ Õ∫
3.1 Õÿª°√≥å ‡§√◊ËÕß¡◊Õ«—¥

√Ÿª∑’Ë 4 · ¥ß™ÿ¥∑¥ Õ∫‚√‡µÕ√å„πÕÿ‚¡ß§å≈¡
·≈–°“√µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ«—¥ Õÿª°√≥åÀ≈—°ª√–°Õ∫¥â«¬

1. Õÿ‚¡ß§å≈¡§«“¡‡√Á«µË”·∫∫‡ªî¥ ™π‘¥¥Ÿ¥ ¢π“¥
Àπâ“µ—¥∑”ß“π 0.9 × 1.2 ¡. æß…å»‘√‘ ®√ÿ¬ππ∑å [3] ‰¥â
ª√–‡¡‘π§«“¡‡√Á«≈¡‡©≈’Ë¬∑’ËÀπâ“µ—¥™à«ß°“√∑”ß“π¡’§à“Õ¬Ÿà
√–À«à“ß 1.89 - 8.5 ¡./«‘π“∑’ ¡Õ‡µÕ√å¢—∫„∫æ—¥¥Ÿ¥Õ“°“»
¢π“¥ 3.7 °‘‚≈«—µµå (3 ‡ø ) µ‘¥µ—Èß√à«¡°—∫™ÿ¥§«∫§ÿ¡
§«“¡‡√Á«√Õ∫∑’Ë “¡“√∂‡ª≈’Ë¬π§«“¡∂’Ë‰øøÑ“‰¥â„π™à«ß 0-50
‡Œ‘√åµ´

2. ‚√‡µÕ√åÕÕ‚µ‰®‚√·∫∫„™â‡æ≈“√à«¡·°π Õß
‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß ¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 85

´¡. „™âªï°·∫∫ Clark Y ‚¥¬¥ÿ¡‚√‡µÕ√å®—¥∑”‡ªìπ 2 ™ÿ¥
·µà≈–™ÿ¥¡’¿“§µ—¥ªï°™ÿ¥≈– 2 „∫«“ß´âÕπÕ¬Ÿà∫π‡æ≈“
‡¥’¬«°—π

3. ‚√‡µÕ√å·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¡’
¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 85 ´¡. „™âªï°·∫∫ Clark Y ¡’¥ÿ¡
‚√‡µÕ√å®”π«π 1 ™ÿ¥ ·µà≈–™ÿ¥¡’¿“§µ—¥ªï°™ÿ¥≈– 2 „∫
‚√‡µÕ√å∑—Èß 2 ·∫∫ ¥—ß· ¥ß„π√Ÿª∑’Ë 5

‡§√◊ËÕß¡◊Õ«—¥ª√–°Õ∫¥â«¬
1. ‡§√◊ËÕß«—¥·√ß¬°¢Õß‚√‡µÕ√å „™â‚À≈¥‡´≈≈å¡’

™à«ß°“√«—¥·√ß¬° 0 - 5,000 °. §«“¡≈–‡Õ’¬¥„π°“√«—¥
0.1 °. §«“¡·¡àπ¬” 1 °. ‚¥¬„™â Data Logger ‡ªìπµ—«
·ª≈ß —≠≠“≥°“√«—¥·≈–‡°Á∫¢âÕ¡Ÿ≈ ´÷Ëß· ¥ßº≈∑’ËÀπâ“®Õ
§Õ¡æ‘«‡µÕ√å

2. ‡§√◊ËÕß«—¥§«“¡‡√Á«≈¡·∫∫≈«¥√âÕπ (hot wire
anemometer) ¡’™à«ß°“√«—¥ 0.2 - 20 ¡./«‘π“∑’ §«“¡
≈–‡Õ’¬¥„π°“√«—¥ 0.1 ¡./«‘π“∑’ ·≈–§«“¡·¡àπ¬” ± 3 %

3. ‡§√◊ËÕß«—¥§«“¡‡√Á«√Õ∫¢Õß‚√‡µÕ√å·∫∫‡≈‡´Õ√å
™à«ß°“√«—¥ 5 - 200,000 rpm, §«“¡·¡àπ¬” ±0.01 %
¢Õß§à“∑’ËÕà“π‰¥â

√Ÿª∑’Ë 4  ™ÿ¥∑¥ Õ∫‚√‡µÕ√å„πÕÿ‚¡ß§å≈¡·≈–°“√µ‘¥µ—Èß‡§√◊ËÕß¡◊Õ«—¥
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3.2 «‘∏’°“√∑¥ Õ∫
‰¥â∑¥ Õ∫º≈¢Õß¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å

§«“¡‡√Á«≈¡„πÕÿ‚¡ß§å ·≈–¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å∑’Ë¡’
µàÕ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π¢Õß
‚√‡µÕ√å„π ¿“«–ÕÕ‚µ‰®‚√·∫∫„™â‡æ≈“√à«¡·°π Õß
‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß°—∫·∫∫„™â‡æ≈“·°π‡¥’¬«
‚√‡µÕ√å‡¥’¬« ‚¥¬‡ª≈’Ë¬π·ª≈ß§«“¡‡√Á«≈¡Õ¬Ÿà„π™à«ß 3.5 -
8.5 ¡./«‘π“∑’ ¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 0°, 15°, 30° ·≈–
45° ·≈–¡ÿ¡æ‘∑™åªï°¢Õß‚√‡µÕ√å 0°, -2°, -4°, -6°, -8°, -
10°, -12° ·≈– -15°

4. º≈°“√∑¥≈Õß·≈–°“√«‘‡§√“–Àåº≈
®“°°“√∑¥ Õ∫º≈¢Õß¡ÿ¡æ‘∑™åªï°¢Õß‚√‡µÕ√å §«“¡‡√Á«

≈¡„πÕÿ‚¡ß§å≈¡·≈–¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å∑’Ë¡’µàÕ
 —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π¢Õß‚√‡µÕ√å
·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß°—∫
·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬« æ∫«à“¡ÿ¡æ‘∑™åªï°°≈’∫
„∫‚√‡µÕ√å 0° ∂÷ß -15° ∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“ ‚√‡µÕ√å 0°

·≈– ¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å 0° ∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“
‚√‡µÕ√å 45° ‚√‡µÕ√å‰¡à‡°‘¥°“√À¡ÿπ  “‡Àµÿ‡°‘¥®“°¡’°“√
‰À≈ªíòπªÉ«π‡°‘¥¢÷Èπ∫√‘‡«≥¥â“πÀ≈—ß°≈’∫„∫‚√‡µÕ√å∑”„Àâ
‡°‘¥·√ßµâ“π‡π◊ËÕß®“°·√ß‡ ’¬¥∑“π´÷Ëß¡’∑‘»∑“ßµ√ß°—π
¢â“¡°—∫·π«∑‘»∑“ß°“√‰À≈¢Õß°√–· ≈¡  àßº≈„Àâ·√ß

√Ÿª∑’Ë 5  ‚√‡µÕ√åÕÕ‚µ‰®‚√·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å·≈–‚√‡µÕ√å·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«

∫‘¥≈—æ∑å∑’Ë¡’µàÕ‚√‡µÕ√å¡’‰¡à‡æ’¬ßæÕ∑’Ë®–∑”„Àâ‚√‡µÕ√åÀ¡ÿπ‰¥â
√Ÿª∑’Ë 6 · ¥ßº≈ —¡ª√– ‘∑∏‘Ï·√ß¬° —¡ª√– ‘∑∏‘Ï·√ßµâ“π
°—∫Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“
‚√‡µÕ√å 15° ¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å 0° ∂÷ß -15° æ∫
«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡‡√Á«≈¡·≈–¡ÿ¡æ‘∑™åªï°∑”„Àâ°√–· ≈¡∑’Ë
æ—¥‡¢â“À“™ÿ¥‚√‡µÕ√å (V sin δ) ¡’§à“‡æ‘Ë¡¢÷Èπ ·≈– àßº≈
µàÕ§«“¡‡√Á«√Õ∫°“√À¡ÿπ„Àâ‡æ‘Ë¡¢÷Èπ ∑”„Àâ·√ß¬° ·√ß
µâ“π·≈– —¡ª√– ‘∑∏‘Ï·√ß¬°  —¡ª√– ‘∑∏‘Ï·√ßµâ“π ¢Õß
‚√‡µÕ√å·∫∫‡æ≈“√à«¡·°π Õß ‚√‡µÕ√åÀ¡ÿπ «π∑“ß·≈–
·∫∫‡æ≈“·°π‡¥’¬« ‚√‡µÕ√å‡¥’¬«¡’§à“‡æ‘Ë¡¢÷Èπ  —¡ª√– ‘∑∏‘Ï
·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß ÿ¥·∫∫„™â‡æ≈“√à«¡
·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß¡’§à“ 1.321 ·≈– 0.355 ‚¥¬
‡°‘¥¢÷Èπ∑’Ë¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å 0° „π°√≥’·∫∫„™â
‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬« —¡ª√– ‘∑∏‘Ï·√ß¬°·≈–
 —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß ÿ¥¡’§à“ 0.621 ·≈– 0.166 ·≈–
‡°‘¥¢÷Èπ∑’Ë¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å -2° ‡¡◊ËÕæ‘®“√≥“
 —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π‚√‡µÕ√å‚¥¬
‡©≈’Ë¬∑ÿ°§à“¢Õß¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å ‚√‡µÕ√å·∫∫„™â
‡æ≈“√à«¡·°π Õß ‚√‡µÕ√åÀ¡ÿπ  «π∑“ß„Àâ§à“
 —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß°«à“·∫∫
‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«√âÕ¬≈– 54.21 Õ—µ√“ à«π
§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß
‚√‡µÕ√åÀ¡ÿπ «π∑“ß¡’§à“Õ¬Ÿà„π™à«ß 0.20 ∂÷ß 1.01 ·≈–
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·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¡’§à“Õ¬Ÿà„π™à«ß 0.19 ∂÷ß
1.10 ‚¥¬æ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡‡√Á«≈¡·≈–¡ÿ¡æ‘∑™åªï°°≈’∫
„∫‚√‡µÕ√å ®– àßº≈„Àâ§«“¡‡√Á«√Õ∫°“√À¡ÿπ¢Õß‚√‡µÕ√å¡’
§à“‡æ‘Ë¡¢÷Èπ·µà¡’º≈∑”„ÀâÕ—µ√“ à«π§«“¡‡√Á«ª≈“¬ªï°¡’§à“
≈¥≈ß √Ÿª∑’Ë 7 · ¥ßº≈ —¡ª√– ‘∑∏‘Ï·√ß¬° —¡ª√– ‘∑∏‘Ï
·√ßµâ“π°—∫Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å ∑’Ë¡ÿ¡
‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 30° ¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å 0°

∂÷ß -15° æ∫«à“°“√‡æ‘Ë¡§«“¡‡√Á«≈¡ ¡ÿ¡æ‘∑™åªï°°≈’∫„∫
‚√‡µÕ√å ·≈–¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å¡’º≈„Àâ —¡ª√– ‘∑∏‘Ï
·√ß¬°  —¡ª√– ‘∑∏‘Ï·√ßµâ“π¢Õß‚√‡µÕ√å·∫∫‡æ≈“√à«¡
·°π Õß‚√‡µÕ√å À¡ÿπ «π∑“ß·≈–·∫∫‡æ≈“·°π‡¥’¬«
‚√‡µÕ√å‡¥’¬«¡’§à“‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡∑’¬∫°—∫¡ÿ¡‡Õ’¬ß·°π‡æ≈“ 15°

‡π◊ËÕß®“°°“√ª√—∫¡ÿ¡¥—ß°≈à“«¡’º≈∑”„Àâæ◊Èπ∑’Ë„π°“√√—∫≈¡
¢Õß‚√‡µÕ√å‡æ‘Ë¡¢÷Èπ‚¥¬ àßº≈„Àâ·√ß¬°·≈–·√ßµâ“π
‚√‡µÕ√å‡æ‘Ë¡¢÷Èπµ“¡ ∑”„Àâ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈–·√ßµâ“π
 Ÿß ÿ¥¢Õß‚√‡µÕ√å·∫∫‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π
∑“ß‡æ‘Ë¡¢÷Èπ ¡’§à“‡∑à“°—∫ 3.215 ·≈– 1.856 ‚¥¬‡°‘¥∑’Ë¡ÿ¡
æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å 0° „π°√≥’·∫∫„™â‡æ≈“·°π‡¥’¬«
‚√‡µÕ√å‡¥’¬« §à“ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ß
µâ“π Ÿß ÿ¥ 1.821 ·≈– 1.051 µ“¡≈”¥—∫ ‚¥¬‡°‘¥¢÷Èπ∑’Ë¡ÿ¡
æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å -2° ‡¡◊ËÕæ‘®“√≥“ —¡ª√– ‘∑∏‘Ï·√ß
¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π‚√‡µÕ√å‚¥¬‡©≈’Ë¬∑ÿ°§à“¢Õß¡ÿ¡
æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å ‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß
‚√‡µÕ√å À¡ÿπ «π∑“ß„Àâ§à“ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈–
 —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß°«à“·∫∫‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«
√âÕ¬≈– 52.53 Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å·∫∫
„™â‡æ≈“√à«¡·°π Õß ‚√‡µÕ√åÀ¡ÿπ «π∑“ß¡’§à“Õ¬Ÿà„π™à«ß
0.10 ∂÷ß 0.21 ·≈–·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¡’
§à“Õ¬Ÿà„π™à«ß 0.08 ∂÷ß 0.26 ´÷Ëßæ∫«à“‡¡◊ËÕ‡æ‘Ë¡§«“¡‡√Á«≈¡
¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å ·≈–¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å
¡’º≈„ÀâÕ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å≈¥≈ß √Ÿª∑’Ë 8
· ¥ßº≈ —¡ª√– ‘∑∏‘Ï·√ß¬° —¡ª√– ‘∑∏‘Ï·√ßµâ“π°—∫
Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å ∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“
‚√‡µÕ√å 45° ¡ÿ¡æ‘∑™åªï° 0° ∂÷ß -15° æ∫«à“°“√‡æ‘Ë¡
§«“¡‡√Á«≈¡ ¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å ·≈–¡ÿ¡‡Õ’¬ß·°π
‡æ≈“‚√‡µÕ√å¡’º≈„Àâ —¡ª√– ‘∑∏‘Ï·√ß¬°  —¡ª√– ‘∑∏‘Ï·√ß
µâ“π¢Õß ‚√‡µÕ√å·∫∫‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π
∑“ß·≈–·∫∫‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¡’§à“‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ

‡∑’¬∫°—∫¡ÿ¡‡Õ’¬ß·°π‡æ≈“ 15° ·≈– 30° ∑’Ë¡ÿ¡π’È
 —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß ÿ¥¢Õß
‚√‡µÕ√å·∫∫‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß¡’§à“
‡∑à“°—π§◊Õ 4.130 ‚¥¬‡°‘¥∑’Ë¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å -2°

„π°√≥’·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¡ÿ¡æ‘∑™åªï°∑’Ë„Àâ
 —¡ª√– ‘∑∏‘Ï·√ß¬° —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß ÿ¥§◊Õ¡ÿ¡æ‘∑™å
°≈’∫„∫‚√‡µÕ√å -2° ‚¥¬„Àâ§à“ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈–
 —¡ª√– ‘∑∏‘Ï·√ßµâ“π‡∑à“°—π§◊Õ 2.471 ·≈–‡¡◊ËÕæ‘®“√≥“
 —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π‚√‡µÕ√å‚¥¬
‡©≈’Ë¬∑ÿ°§à“¢Õß¡ÿ¡æ‘∑™åªï°°≈’∫„∫‚√‡µÕ√å ‚√‡µÕ√å·∫∫„™â
‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π∑“ß„Àâ§à“ —¡ª√– ‘∑∏‘Ï
·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß °«à“·∫∫‡æ≈“·°π
‡¥’¬«‚√‡µÕ√å‡¥’¬«√âÕ¬≈– 47.23 Õ—µ√“ à«π§«“¡‡√Á«ª≈“¬
°≈’∫‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß ‚√‡µÕ√åÀ¡ÿπ «π
∑“ß¡’§à“Õ¬Ÿà„π™à«ß 0.06 ∂÷ß 0.11 ·≈–·∫∫„™â‡æ≈“·°π
‡¥’¬«‚√‡µÕ√å‡¥’¬«¡’§à“Õ¬Ÿà„π™à«ß 0.05 ∂÷ß 0.13 √Ÿª∑’Ë 9 · ¥ß
¿“æ∂à“¬°“√∑¥ Õ∫‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß
‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß„πÕÿ‚¡ß§å≈¡ §«“¡‡√Á«µË”
·∫∫‡ªî¥ ≥ ‚§√ß°“√®—¥µ—Èß¿“§«‘™“«‘»«°√√¡‡°…µ√ §≥–
«‘»«°√√¡»“ µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à

5.  √ÿªº≈°“√∑¥≈Õß
º≈°“√»÷°…“ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ß

µâ“π¢Õß‚√‡µÕ√åÕÕ‚µ‰®‚√ ·∫∫„™â‡æ≈“√à«¡·°π Õß
‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß°—∫·∫∫„™â‡æ≈“·°π‡¥’¬«
‚√‡µÕ√å‡¥’¬« “¡“√∂ √ÿªº≈°“√∑¥≈Õß‰¥â¥—ßπ’È

(1) µ”·Àπàß¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 0° ∑’Ë¡ÿ¡æ‘∑™åªï°
0° ∂÷ß -15° ·≈–¡ÿ¡æ‘∑™åªï° 0° ¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å
45° ‚√‡µÕ√å‰¡à “¡“√∂À¡ÿπ

(2) °“√‡æ‘Ë¡§«“¡‡√Á«≈¡ ¡ÿ¡æ‘∑™åªï°·≈–¡ÿ¡‡Õ’¬ß·°π
‡æ≈“‚√‡µÕ√å∑”„Àâ —¡ª√– ‘∑∏‘Ï·√ß¬° ·≈– —¡ª√– ‘∑∏‘Ï
·√ßµâ“π‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß°”≈—ß
À¡ÿπ «π∑“ß·≈–·∫∫„™â‡æ≈“·°π‡¥’¬« ‚√‡µÕ√å‡¥’¬«¡’
§à“‡æ‘Ë¡¢÷Èπ

(3) °“√‡æ‘Ë¡§«“¡‡√Á«≈¡ ¡ÿ¡æ‘∑™åªï°·≈–¡ÿ¡‡Õ’¬ß·°π
‡æ≈“‚√‡µÕ√å∑”„ÀâÕ—µ√“ à«π§«“¡‡√Á«ª≈“¬°≈’∫‚√‡µÕ√å
·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß
·≈–·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«¡’§à“µË”≈ß
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(4)  —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π
‚√‡µÕ√å Ÿß ÿ¥°√≥’„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√åÀ¡ÿπ «π
∑“ß∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 15° ·≈– 30° Õ¬Ÿà∑’Ë¡ÿ¡
æ‘∑™åªï° 0° ·≈–∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 45° Õ¬Ÿà∑’Ë¡ÿ¡
æ‘∑™åªï° -2°  à«π°√≥’‡æ≈“·°π‡¥’¬«∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“
‚√‡µÕ√å 15°, 30° ·≈– 45° Õ¬Ÿà∑’Ë¡ÿ¡æ‘∑™åªï° -2°

(5)  —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï·√ßµâ“π Ÿß ÿ¥
„π°√≥’„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß°”≈—ßÀ¡ÿπ «π∑“ß
‡∑à“°—∫ 4.130 ́ ÷Ëß‡°‘¥¢÷Èπ∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 45° ¡ÿ¡

æ‘∑™åªï° -2° „π°√≥’„™â‡æ≈“·°π‡¥’¬«  ‚√‡µÕ√å‡¥’¬«‡∑à“°—∫
2.471 ‚¥¬‡°‘¥∑’Ë¡ÿ¡‡Õ’¬ß·°π‡æ≈“‚√‡µÕ√å 45° ¡ÿ¡æ‘∑™åªï°
-2°

(6) ‚√‡µÕ√å·∫∫„™â‡æ≈“√à«¡·°π Õß‚√‡µÕ√å àß°”≈—ß
À¡ÿπ «π∑“ß®–„Àâ§à“ —¡ª√– ‘∑∏‘Ï·√ß¬°·≈– —¡ª√– ‘∑∏‘Ï
·√ßµâ“π Ÿß°«à“·∫∫„™â‡æ≈“·°π‡¥’¬«‚√‡µÕ√å‡¥’¬«√âÕ¬≈–
54.21, √âÕ¬≈– 52.53 ·≈–√âÕ¬≈– 47.25 ∑’Ë¡ÿ¡‡Õ’¬ß·°π
‡æ≈“‚√‡µÕ√å 15° 30° ·≈– 45° µ“¡≈”¥—∫
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