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∫∑§—¥¬àÕ

°“√∑¥ Õ∫√–¬–‰À≈∫π√–π“∫‡Õ’¬ß¢Õß‡§≈◊Õ∫À≈Õ¡ (Inclined  Flow Plane Test) §◊Õ°“√ª√–‡¡‘π

§«“¡Àπ◊¥¢Õß‡§≈◊Õ∫À≈Õ¡ ‚¥¬°“√«—¥√–¬–‰À≈¢Õß‡§≈◊Õ∫∑’ËÀ≈Õ¡∫πæ◊Èπ≈“¥‡Õ’¬ßÀ≈—ß‡º“ ‡ªìπ∑’Ëπ‘¬¡„™â„π

Õÿµ “À°√√¡‡´√“¡‘°„™â ”À√—∫°“√§«∫§ÿ¡§ÿ≥¿“æ¢Õß‡§≈◊Õ∫„π°√–∫«π°“√º≈‘µ ·µà°“√∑¥ Õ∫π’È‰¡àª√“°Ø

«‘∏’∑¥ Õ∫‡ªìπ¡“µ√∞“π Õ’°∑—Èß°“√∑¥ Õ∫π’È¡’§«“¡À≈“°À≈“¬„π¥â“π√Ÿª·∫∫¢ÕßÕÿª°√≥å∑¥ Õ∫ª√‘¡“≥µ—«Õ¬à“ß

·≈–Õß»“≈“¥‡Õ’¬ß∑’Ë„™â„π°“√∑¥ Õ∫ °“√«‘®—¬π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“ªí®®—¬∑’Ë¡’º≈µàÕ°“√∑¥ Õ∫ ‚¥¬∑¥ Õ∫

‡§≈◊Õ∫ Õß™π‘¥∑’Ë¡’§«“¡Àπ◊¥∑’Ë 950 ÌC  104.987Pa s ·≈– 105.247Pa s ª√‘¡“≥µ—«Õ¬à“ß∑’Ë 2 5 10 °√—¡ ·≈–Õß»“≈“¥‡Õ’¬ß

„π°“√∑¥ Õ∫∑’Ë 45 ÌC ·≈– 60 ÌC ‰¥âπ”¢âÕ¡Ÿ≈√–¬–‰À≈∑’Ë‰¥â®“°“√∑¥≈Õß¡“ª√–¡«≈·≈–«‘‡§√“–Àå¥â«¬«‘∏’∑“ß ∂‘µ‘§◊Õ Grubbsûs Test

F-test ·≈– T-test º≈°“√«‘®—¬æ∫«à“ √–¬–‰À≈¢÷Èπ°—∫πÈ”Àπ—°µ—«Õ¬à“ß·≈–Õß»“≈“¥‡Õ’¬ß„π°“√∑¥ Õ∫ ‡¡◊ËÕπÈ”Àπ—°µ—«Õ¬à“ß·≈–Õß»“

≈“¥‡Õ’¬ß‡æ‘Ë¡¢÷Èπ √–¬–‰À≈‡æ‘Ë¡¢÷Èπ ‚¥¬§à“ —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π¢Õß√–¬–‰À≈‰¡à§ß∑’Ë¢÷Èπ°—∫§«“¡Àπ◊¥¢Õß‡§≈◊Õ∫ ·µà¡’·π«‚πâ¡≈¥≈ß

‡¡◊ËÕª√‘¡“≥µ—«Õ¬à“ß·≈–Õß»“≈“¥‡Õ’¬ß„π°“√∑¥ Õ∫‡æ‘Ë¡¢÷Èπ

§” ”§—≠ ; ‡´√“¡‘° ‡§≈◊Õ∫ °“√‰À≈¢Õß‡§≈◊Õ∫À≈Õ¡ §«“¡Àπ◊¥
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Abstract

Inclined Flow Plane Test is a method of measuring the flowing length of molten ceramic glaze after fired. It is

done to evaluate the melt fluidity of glazes in the ceramic industry to maintaining consistency, duplicating and

understanding a glaze. However, there is no standard method for this test. They are varied in designs and procedures of

testing such as sample weight and test declined angle. The paper investigated the factors as glazeûs viscosity,

sample weight, and test declined angle, that could affect on the Inclined Flow Plane Test result. Two glazes with the

viscosity 104.987Pa s and 105.247Pa s  at 950 ÌC were used. Samples weight of 2, 5, and 10 gram and declined angle of

45 ÌC and 60 ÌC were varied in the test. The test results were evaluated through statistical analysis as Grubbsûs Test,

F-test, ·≈– T-test. It was found that flowing length increased when the sampleûs weight and declined angle increased.

The coefficient of variance of the test was depended on the glaze viscosity. An increasing in the sample weight and
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À≈àÕπÈ”¥‘π πÈ”¥‘π∑’Ë„™â §◊Õ ¥‘π ‚µπ·«√å ”À√—∫À≈àÕ (‡°√¥ PAA

¢Õß Compound clay Co.Ltd.,) ‡º“Õÿª°√≥å∑¥ Õ∫∑’Ë 800 ÌC

‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ¥—ß√Ÿª∑’Ë 1 ‡π◊ÈÕ¥‘π¡’ ¡∫—µ‘°“√À¥µ—«À≈—ß‡º“

√âÕ¬≈– 6.9% ∑’Ë 8000 ÌC ·≈–√âÕ¬≈– 13.5% ∑’Ë 1200 ÌC ·≈–

‡µ√’¬¡·∑àπ ”À√—∫«“ßÕÿª°√≥å∑¥ Õ∫°“√‰À≈‚¥¬°“√µ—¥Õ‘∞‡∫“

∑π‰ø (‡°√¥ ARI C-2 ¢Õß  Asia Refractory Industry) ‡ªìπ

¡ÿ¡ 45 ÌC ·≈– 60 ÌC

 ”À√—∫‡§≈◊Õ∫∑’Ë„™â„π°“√∑¥≈Õß ¡’ 2  Ÿµ√§◊Õ Gla ·≈–

W31 ¥—ßµ“√“ß∑’Ë 1 ‡§≈◊Õ∫∑—Èß Õß¡’ ¡∫—µ‘  °“√ ÿ°µ—«∑’ËÕÿ≥À¿Ÿ¡‘

1100 ·≈– 1190 ÌC µ“¡≈”¥—∫ ®“°°“√§”π«≥‚¥¬ GlassCal2005

(∫®°. ·≈¡¥â“π‘«) æ∫«à“  ¡∫—µ‘§«“¡Àπ◊¥∑’Ë 950 ÌC ¡’§à“ 104.987

Pa s ·≈– 105.247Pa s µ“¡≈”¥—∫ ‡µ√’¬¡‡§≈◊Õ∫‚¥¬°“√™—Ëß‡§≈◊Õ∫

ª√‘¡“≥ 2 °‘‚≈°√—¡ ∫¥„πÀ¡âÕ∫¥ „πÕ—µ√“ à«π‡§≈◊Õ∫·ÀâßµàÕπÈ” 1:1

‡ªìπ‡«≈“ 8 ™—Ë«‚¡ß π”‡§≈◊Õ∫∑’Ë∫¥·≈â«¡“∑‘Èß „Àâµ°µ–°Õπ·≈–Õ∫

„Àâ·Àâß„π‡µ“Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 100 ÌC ®ππÈ”Àπ—°§ß∑’Ë¢÷Èπ√Ÿª‡§≈◊Õ∫ ‚¥¬

°“√™—Ëß‡§≈◊Õ∫∑’Ë∫¥·≈– Õ∫·Àâß·≈â«„πª√‘¡“≥∑’ËµâÕß°“√„π∂ÿßæ≈“ µ‘°

‡µ‘¡πÈ”æÕ„Àâªíôπ‰¥â ªíôπ„π∂ÿßæ≈“ µ‘°‡ªìπ‡¡Á¥°≈¡ ∑‘Èß„Àâ·Àâß π‘∑

2.2  «’∏’°“√∑¥≈Õß

«‘∏’°“√∑¥ Õ∫°“√‰À≈¢Õß‡§≈◊Õ∫À≈Õ¡∑” ‚¥¬°“√π”

‡§≈◊Õ∫∑’Ëªíôπ‡ªìπ°âÕπ°≈¡„ à„π‡∫â“∑’Ë«“ß µ—«Õ¬à“ß¢ÕßÕÿª°√≥å

∑¥ Õ∫°“√‰À≈ π”Õÿª°√≥å∑¥ Õ∫°“√‰À≈«“ß∫πÕ‘∞∑’Ë‡µ√’¬¡‰«â

π”µ—«Õ¬à“ß‡¢â“‡º“„π‡µ“‰øøÑ“ ‰¥â∑¥≈Õß·ª√‡ª≈’Ë¬πªí®®—¬°“√∑¥≈Õß

§◊Õ πÈ”Àπ—°‡§≈◊Õ∫∑’Ë 2 5 ·≈– 10 °√—¡ ·≈–¡ÿ¡¢Õß∞“π√ÕßÕÿª°√≥åœ

∑’Ë¡ÿ¡ 45 ÌC ·≈– 60 ÌC ‰¥â∑¥≈Õß°—∫‡§≈◊Õ∫µ—«Õ¬à“ß≈– 10 ™‘Èπ

µ“√“ß°“√‡º“„™âÕ—µ√“ 2.6-2.8 ÌC/π“∑’ ¬◊π‰ø∑’ËÕÿ≥À¿Ÿ¡‘ ÿ°µ—«

¢Õß‡§≈◊Õ∫∑’Ë 30 π“∑’ µ√«® Õ∫Õÿ≥À¿Ÿ¡‘∑’Ë‡º“‚¥¬„™â Thermal ring

ª√–‡¡‘πº≈°“√∑¥ Õ∫‚¥¬„™â‡«Õ√å‡π’¬«—¥√–¬–°“√‰À≈À≈—ß‡º“

√À— µ—«Õ¬à“ß·≈–ªí®®—¬∑’Ë·ª√‡ª≈’Ë¬π„π°“√∑¥≈Õß· ¥ß¥—ßµ“√“ß∑’Ë 2

2.3  °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

π”º≈√–¬–‰À≈À≈—ß‡º“∑—ÈßÀ¡¥¡“À“§à“∑“ß ∂‘µ‘ §◊Õ

§à“µË” ÿ¥ (Min) §à“ Ÿß ÿ¥ (Max) §à“¡—∏¬∞“π (Median) §à“∑’Ë

µ”·Àπàß 1st quartile ·≈– 3rd quartile · ¥ßº≈‚¥¬ Box Plot

‡æ◊ËÕ∑’Ë®–· ¥ß‡ª√’¬∫‡∑’¬∫§à“∑“ß ∂‘µ‘¢Õß¢âÕ¡Ÿ≈·µà≈–™ÿ¥ √«¡∂÷ß

· ¥ß≈—°…≥–°“√°√–®“¬µ—«¢Õß¢âÕ¡Ÿ≈·µà≈–™ÿ¥ ‰¥âπ”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“

ª√–¡«≈‚¥¬°“√§”π«≥À“ Outlier ‚¥¬«‘∏’ Grubbsûs Test

∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 °“√‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈·µà≈–™ÿ¥¡’°“√

µ√«® Õ∫∑“ß ∂‘µ‘‡æ◊ËÕÀ“π—¬ ”§—≠¢Õß§à“∑’Ë·µ°µà“ß√–À«à“ß

test declined angle tended to decrease the coefficient of

variance of testing on the high viscosity glaze.

Keyword: Ceramic  Glaze  Inclined Flow Plane Test Viscosity

1. ∫∑π”

 ¡∫—µ‘¢Õß‡§≈◊Õ∫∑’ËºŸâª√–°Õ∫°“√ à«π„À≠à¡—°„™â„π°“√

æ—≤π“ Ÿµ√‡§≈◊Õ∫ À√◊Õ§«∫§ÿ¡°√–∫«π°“√º≈‘µ πÕ°®“° ’·≈–

≈—°…≥–æ◊Èπº‘«·≈â« ‰¥â·°à °“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ·≈–§«“¡Àπ◊¥

°“√æ—≤π“ Ÿµ√‡§≈◊Õ∫π‘¬¡„™â«‘∏’°“√§”π«≥ Ÿµ√·≈–·ª√‡ª≈’Ë¬π

Õ—µ√“ à«π¢ÕßÕß§åª√–°Õ∫∑“ß‡§¡’ ·≈â«®÷ß∑¥≈Õß‡µ√’¬¡µ—«Õ¬à“ß

„πÀâÕßªØ‘∫—µ‘°“√ °“√∑¥ Õ∫°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ„™â‡§√◊ËÕß¡◊Õ

«‘∑¬“»“ µ√å Dilatometer  à«π§«“¡Àπ◊¥„™â«‘∏’‡ª√’¬∫‡∑’¬∫√–¬–

°“√‰À≈¢Õß‡§≈◊Õ∫À≈—ß‡º“‚¥¬«‘∏’ Inclined Flow Plane Test

¥”‡π‘π°“√ ‚¥¬°“√π”‡§≈◊Õ∫¡“«“ß„π‡∫â“¢ÕßÕÿª°√≥å∑¥ Õ∫

°“√‰À≈´÷Ëß¡’æ◊Èπ≈“¥Õ’¬ß ‡º“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ‡§≈◊Õ∫®–À≈Õ¡‡ªìπ·°â«

·≈–‰À≈ÕÕ°®“°‡∫â“‡ªìπ∑“ß¬“« «—¥√–¬–‰À≈¢Õß‡§≈◊Õ∫À≈—ß‡º“

‡ª√’¬∫‡∑’¬∫√–¬–‰À≈°—∫‡§≈◊Õ∫¡“µ√∞“π ‡æ◊ËÕ§«∫§ÿ¡‡§≈◊Õ∫„π

°√–∫«π°“√º≈‘µ

Õ¬à“ß‰√°Áµ“¡‰¡àª√“°Ø«‘∏’ Inclined Flow Plane Test

∑’Ë‡ªìπ¡“µ√∞“π ‚√ßß“π‡´√“¡‘°®–„™âÕÿª°√≥å∑¥ Õ∫°“√‰À≈¢Õß

‡§≈◊Õ∫∑’Ë·µ°µà“ß∑—Èß¥â“π ¢π“¥ √Ÿª·∫∫ ·≈–«‘∏’∑¥ Õ∫ ‡™àπ

πÈ”Àπ—°¢Õßµ—«Õ¬à“ß‡§≈◊Õ∫·≈–Õß»“≈“¥‡Õ’¬ß∑’Ë„™â„π°“√∑¥ Õ∫

ß“π«‘®—¬π’È®÷ß‰¥â»÷°…“ªí®®—¬∑’Ë¡’º≈µàÕ°“√∑¥ Õ∫ ‚¥¬‰¥â¥”‡π‘π°“√

æ—≤π“Õÿª°√≥å∑¥ Õ∫°“√‰À≈  ”À√—∫ Inclined Flow Plane Test

∑’Ë “¡“√∂·ª√‡ª≈’Ë¬πª√‘¡“≥µ—«Õ¬à“ß‡§≈◊Õ∫·≈–Õß»“≈“¥‡Õ’¬ß„π

°“√∑¥ Õ∫ ·≈–»÷°…“√–¬–‰À≈¢Õß‡§≈◊Õ∫‚¥¬°“√·ª√‡ª≈’Ë¬πªí®®—¬

§«“¡Àπ◊¥ ¢Õß‡§≈◊Õ∫ πÈ”Àπ—°¢Õß‡§≈◊Õ∫ ·≈–Õß»“≈“¥‡Õ’¬ß„π

°“√∑¥ Õ∫ ‡æ◊ËÕ„Àâ∑√“∫∂÷ßªí®®—¬ ”§—≠∑’Ë¡’º≈µàÕ°“√∑¥ Õ∫

·≈–§«“¡·ª√ª√«π∑’Ë‡°‘¥®“°°“√∑¥ Õ∫π’È √«¡∂÷ß„Àâ∑√“∫¢âÕ®”°—¥

¢Õß°“√„™â¢âÕ¡Ÿ≈®“°°“√∑¥ Õ∫π’È

2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√

2.1 Õÿª°√≥å°“√∑¥≈Õß

°“√‡µ√’¬¡«— ¥ÿÕÿª°√≥å ”À√—∫„™â„π°“√∑¥≈Õß ‰¥â·°à

°“√‡µ√’¬¡Õÿª°√≥å∑¥ Õ∫°“√‰À≈·≈–°“√‡µ√’¬¡ ‡§≈◊Õ∫„π°“√

‡µ√’¬¡Õÿª°√≥å∑¥ Õ∫°“√‰À≈ ‰¥âÕÕ°·∫∫Õÿª°√≥å ∑¥ Õ∫°“√‰À≈

®—¥∑”·∫∫æ‘¡æåªŸπª≈“ ‡µÕ√å ”À√—∫„™â„π°“√¢÷Èπ√Ÿª¥â«¬°“√
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™ÿ¥¢âÕ¡Ÿ≈ ‚¥¬°“√π”¢âÕ¡Ÿ≈¡“§”π«≥À“ —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π

(Coefficient of variance, CV) CV ‡ªìπ§à“∑’Ë„™â«—¥°“√°√–®“¬µ—«

¢Õß¢âÕ¡Ÿ≈‡ª√’¬∫‡∑’¬∫°—∫§à“‡©≈’Ë¬„™â„π°“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬

¢Õß¢âÕ¡Ÿ≈µ—Èß·µà Õß™ÿ¥¢÷Èπ‰ª∑’Ë¡’Àπà«¬«—¥µà“ß°—π‰¥â  ”À√—∫°“√

æ‘®“√≥“ §«“¡·µ°µà“ß¢Õß§«“¡·ª√ª√«π¢Õß·µà≈–™ÿ¥¢âÕ¡Ÿ≈„™â

F-test ‚¥¬‡ª√’¬∫‡∑’¬∫§à“ F ∑’Ë§”π«≥‰¥â°—∫§à“ Fcritical À“°§à“

F ¡“°°«à“ Fcritical · ¥ß«à“¡’§«“¡·µ°µà“ß¢Õß§à“§«“¡·ª√ª√«π

¢Õß¢âÕ¡Ÿ≈‡ªìππ—¬ ”§—≠ ·≈–‡ª√’¬∫‡∑’¬∫√–¬–‰À≈¢Õßµ—«Õ¬à“ß

¥â«¬ t - test ‚¥¬‡ª√’¬∫‡∑’¬∫§à“ t ∑’Ë§”π«≥ ‰¥â°—∫§à“ tcritical
À“°§à“ t ∑’Ë§”π«≥‰¥â¡“°°«à“ tcritical · ¥ß«à“√–¬–‰À≈¡’§«“¡

·µ°µà“ß°—π‡ªìππ—¬ ”§—≠  Ÿµ√∑’Ë„™â„π°“√§”π«≥‚¥¬„Àâ x
_ 

§◊Õ

§à“‡©≈’Ë¬ S §◊Õ à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π ‰¥â·°à
Grubbsûs Test ;

Texp =
Coefficient of variance;

CV =      Ó 100
F test

F =       F 〉1

¿“æ∑’Ë 1 · ¥ßµâπ·∫∫°àÕπ‡º“Õÿª°√≥å∑¥ Õ∫°“√‰À≈∑’Ë „™â

„π°“√∑¥≈Õß (Àπà«¬ ¡¡.)

¿“æ∑’Ë 2 √–¬–‰À≈¢Õß‡§≈◊Õ∫„π°“√∑¥≈Õß

(xn
_ x

_)
s

S_
x
_

s
1
2

s
2
2

µ“√“ß∑’Ë 1 · ¥ß à«πº ¡¢Õß‡§≈◊Õ∫ W31 ·≈– Gla ·≈– ¡∫—µ‘®“°°“√§”π«≥

#1 Industrial Mineral Development Ltd.,  #2 Cernic International Co. Ltd.,
#3 Clays & Minerals (Thailand) Co., Ltd.  #4 Utid Chemical Industries Co., Ltd.,

µ“√“ß∑’Ë 2 · ¥ß√À— µ—«Õ¬à“ß·≈–ªí®®—¬∑’Ë·ª√‡ª≈’Ë¬π„π°“√∑¥≈Õß

√À— / à«πº ¡ Gla W31

·√àøíπ¡â“#1 28 35.2

À‘πªŸπ#2 20 13.6

§«Õ√µ ǻ #2 32 28.5

∑—≈§—¡#2 - 4.8

¥‘π¢“«π√“∏‘«“ #3 15 11.1

´‘ß°åÕÕ°‰´¥å #4 5 6.8

ø√‘µ (PN5520)#2 30 -

Õÿ≥À¿Ÿ¡‘°“√‡º“ ( ÌC) 1100 1190

°“√¢¬“¬µ—«‡¡◊ËÕ√âÕπ(x10-6 ÌC) 6.86 5.83

§«“¡Àπ◊¥ 950 ÌC (Pa s) 104.987 105.247

Õß»“∑’Ë„™â„π 2 °√—¡ 5 °√—¡ 10 °√—¡

°“√∑¥ Õ∫ Gla W31 Gla W31 Gla W31

45 Ì G-45-2g W-45-2g G-45-5g W-45-5g G-45-10g W-45-10g

60 Ì G-60-2g W-60-2g G-60-5g W-60-5g G-60-10g W-60-10g
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Gla ·≈– W31 ∑’Ëª√‘¡“≥µ—«Õ¬à“ß 2 5 ·≈– 10 °√—¡ ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 · ¥ß¥—ßµ“√“ß∑’Ë 5 ·≈– 6 ¿“æ∑’Ë 5 ·≈– 6

æ∫«à“ °“√∑¥ Õ∫‡§≈◊Õ∫ Gla ¡’§à“ F πâÕ¬°«à“ Fcritical · ¥ß

«à“ —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π¢Õß°“√∑¥ Õ∫‰¡à·µ°µà“ß°—π

‡™àπ‡¥’¬«°—∫°“√∑¥ Õ∫‡§≈◊Õ∫ W31 ∑’Ëµ—«Õ¬à“ßª√‘¡“≥ 2 ·≈–

5 °√—¡ §à“ F πâÕ¬°«à“ Fcritical ·µà°“√‡ª√’¬∫‡∑’¬∫∑’ËÕß»“

°“√∑¥ Õ∫ 45 Ì ·≈– 60 Ì ¢Õß°“√∑¥ Õ∫‡§≈◊Õ∫ W31 ∑’Ëµ—«Õ¬à“ß

ª√‘¡“≥ 10 °√—¡ æ∫«à“§à“ F ¡“°°«à“ Fcritical · ¥ß«à“    —¡ª√– ‘∑∏‘Ï

§«“¡·ª√ª√«π¢Õß°“√∑¥ Õ∫·µ°µà“ß°—π‡ªìππ—¬ ”§—≠ ¥—ßπ—Èπ

°“√∑¥ Õ∫ Inclined Flow Plane Test ∑’Ë„™âª√‘¡“≥µ—«Õ¬à“ß

∑’Ë 10 °√—¡ Õß»“ ≈“¥‡Õ’¬ß∑’Ë 60 Ì „π°“√∑¥ Õ∫‡§≈◊Õ∫ W31

´÷Ëß‡ªìπ‡§≈◊Õ∫∑’Ë¡’§«“¡Àπ◊¥ Ÿß ∑”„Àâ§«“¡·ª√ª√«π¢Õß°“√∑¥ Õ∫

≈¥≈ß‰¥â ·µà„π°“√∑¥ Õ∫‡§≈◊Õ∫∑’Ë¡’§«“¡Àπ◊¥µË” °“√‡æ‘Ë¡ª√‘¡“≥

µ—«Õ¬à“ßÀ√◊ÕÕß»“≈“¥‡Õ’¬ß‰¡à¡’º≈µàÕ§«“¡·ª√ª√«π„π°“√∑¥ Õ∫

3.3 T-test (two tailed)

§à“ t - test P two tail ·≈– t Critical two-tail ¢Õß

°“√∑¥ Õ∫‡§≈◊Õ∫ Gla ·≈– W31 ∑’Ëª√‘¡“≥µ—«Õ¬à“ß 2 5 ·≈–

10 °√—¡ Õß»“°“√∑¥ Õ∫ 45 ÌÌC ·≈– 60 ÌÌC · ¥ß¥—ßµ“√“ß∑’Ë 7

·≈– ¿“æ∑’Ë 7 ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 æ∫«à“§à“ t ¢Õß

∑ÿ°µ—«Õ¬à“ß¡“°°«à“ tcritical · ¥ß«à“ °“√‡ª≈’Ë¬π·ª≈ßπÈ”Àπ—°

µ—«Õ¬à“ß·≈–Õß»“°“√∑¥ Õ∫¡’º≈µàÕ√–¬–‰À≈∑’Ë‰¥â®“°°“√∑¥ Õ∫

‡ªìππ—¬ ”§—≠ ‚¥¬πÈ”Àπ—°µ—«Õ¬à“ß‡æ‘Ë¡¢÷Èπ√–¬–‰À≈‡æ‘Ë¡¢÷Èπ ·≈–

‡¡◊ËÕÕß»“°“√«“ß‡æ‘Ë¡¢÷Èπ√–¬–‰À≈‡æ‘Ë¡¢÷Èπ

3. º≈·≈–«‘®“√≥å°“√∑¥≈Õß
3.1 °“√°√–®“¬·≈–°“√‡∫’Ë¬ß‡∫π¢Õß¢âÕ¡Ÿ≈‚¥¬

Box Plot

º≈°“√∑¥≈Õß√–¬–‰À≈ ‚¥¬°“√·ª√‡ª≈’Ë¬πµ—«Õ¬à“ß

‡§≈◊Õ∫πÈ”Àπ—°µ—«Õ¬à“ß ·≈–Õß»“≈“¥‡Õ’¬ß · ¥ß¥—ßµ“√“ß∑’Ë 3

·≈– 4 ‰¥â· ¥ß §à“µË” ÿ¥ (Min) §à“ Ÿß ÿ¥ (Max) §à“¡—∏¬∞“π

(Median) §à“∑’Ëµ”·Àπàß 1st quartile ·≈– 3rd quartile ¢Õß

‡§≈◊Õ∫ Gla ·≈– W31 ‚¥¬ Box Plot ¥—ß¿“æ∑’Ë 3 ·≈– 4

µ“¡≈”¥—∫√Ÿª· ¥ß„Àâ‡ÀÁπ«à“ °“√°√–®“¬µ—«¢Õß¢âÕ¡Ÿ≈„π·µà≈–™ÿ¥

¡’°“√°√–®“¬µ—«·∫∫ normal distribution ‡ªìπ à«π„À≠à ¬°‡«âπ

¢âÕ¡Ÿ≈¢Õß G-45-10g ·≈– W-45-10g π—Èπ ¡’°“√°√–®“¬µ—«„π≈—°…≥–

‡∫’Ë¬ß‡∫π‰ª∑“ß¢«“Õ¬à“ß™—¥‡®π ´÷ËßÕ“®‡π◊ËÕß®“°ª√‘¡“≥¢Õß‡§≈◊Õ∫

‰¡à‡À¡“– ¡°—∫°“√∑¥ Õ∫∑’Ë¡ÿ¡ 45 Õß»“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫Õß»“¢Õß

°“√∑¥ Õ∫¢Õß™ÿ¥¢âÕ¡Ÿ≈∑—ÈßÀ¡¥æ∫«à“°“√∑¥ Õ∫∑’Ë¡ÿ¡ 60 Õß»“π—Èπ

¡’°“√°√–®“¬µ—«∑’Ë ¡Ë”‡ ¡Õ·≈–¡’°“√‡∫’Ë¬ß‡∫π®“°®ÿ¥»Ÿπ¬å°“√

πâÕ¬°«à“°“√∑¥ Õ∫∑’Ë 45 Õß»“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√°√–®“¬µ—«

¢Õß™ÿ¥¢âÕ¡Ÿ≈√–À«à“ß‡§≈◊Õ∫∑—Èß Õßæ∫«à“ ‡§≈◊Õ∫ Gla ´÷Ëß‡ªìπ‡§≈◊Õ∫

∑’Ë¡’§«“¡Àπ◊¥µË”„Àâ¢âÕ¡Ÿ≈∑’Ë¡’°“√°√–®“¬µ—«∑’Ë·§∫°«à“ ·≈–¡’§à“

‡∫’Ë¬ß‡∫π®“°®ÿ¥»Ÿπ¬å°≈“ßµË”°«à“§à“∑’Ë‰¥â®“°™ÿ¥¢Õß‡§≈◊Õ∫ W31

´÷Ëß‡ªìπ‡§≈◊Õ∫∑’Ë¡’§«“¡Àπ◊¥ Ÿß

3.2  —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π·≈– F-test (two tailed)

º≈¢Õß°“√‡ª√’¬∫‡∑’¬∫ —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π¢Õß

°“√∑¥ Õ∫∑’Ë„™âÕß»“°“√∑¥ Õ∫ 40 ÌC ·≈– 60 ÌÌC ¢Õß‡§≈◊Õ∫

µ“√“ß∑’Ë 3 · ¥ß√–¬–‰À≈¢Õß°“√∑¥≈Õß·ª√‡ª≈’Ë¬ππÈ”Àπ—° Õß»“≈“¥‡Õ’¬ß ¢Õß‡§≈◊Õ∫ Gla (¡¡.)

µ—«Õ¬à“ß G-45-2g G-60-2g G-45-5g G-60-5g G-45-10g G-60-10g

1 25.44 31.43 42.78 64.59 68.08 94.62

2 27.27 31.68 43.87 68.42 68.23 104.86

3 27.78 32.93 44.61 69.26 71.52 105.52

4 28.38 34.63 46.75 73.90 77.23 105.84

5 28.74 35.07 48.13 74.20 78.56 111.46

6 28.74 35.76 49.00 74.70 78.71 112.13

7 28.80 40.18 51.49 75.49 78.83 114.74

8 31.46 41.37 52.18 75.71 79.25 114.82

9 31.53 41.98 56.06 76.71 80.73 115.22

10 33.16 43.50 59.77 81.28 81.30 115.71



¿“æ∑’Ë 3 · ¥ß Box Plot ¢Õß¢âÕ¡Ÿ≈√–¬–‰À≈¢Õß‡§≈◊Õ∫ Gla ¿“æ∑’Ë 4 · ¥ß Box Plot ¢Õß¢âÕ¡Ÿ≈√–¬–‰À≈¢Õß‡§≈◊Õ∫ W31

µ“√“ß∑’Ë 5 · ¥ß —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈√–¬–‰À≈¢Õß‡§≈◊Õ∫ Gla ·≈– W31

µ“√“ß∑’Ë 6 · ¥ß F-test ¢Õß¢âÕ¡Ÿ≈√–¬–‰À≈¢Õß‡§≈◊Õ∫ Gla ·≈– W31

40

µ“√“ß∑’Ë 4 · ¥ß√–¬–‰À≈¢Õß°“√∑¥≈Õß·ª√‡ª≈’Ë¬ππÈ”Àπ—° Õß»“≈“¥‡Õ’¬ß ¢Õß‡§≈◊Õ∫ W31 (¡¡.)

µ—«Õ¬à“ß W-45-2g W-60-2g W-45-5g W-60-5g W-45-10g W-60-10g

1 20.21 29.17 30.59 56.18 45.31 98.08

2 20.63 30.21 31.53 60.59 51.03 106.41

3 20.66 30.22 32.74 68.78 60.79 107.05

4 21.18 30.64 35.11 69.24 65.82 109.28

5 23.94 33.38 40.03 69.53 74.74 109.51

6 24.12 36.43 41.98 69.53 76.86 110.00

7 24.85 37.50 42.47 70.98 82.45 113.70

8 28.16 37.78 49.68 74.19 82.94 115.47

9 28.77 39.63 49.90 76.75 83.52 115.61

10 29.71 41.88 50.73 81.64 88.10 120.07

G-A-2g G-45-2g G-60-2g G-45-5g G-60-5g G-45-10g G-60-10g

29.864 7.870 12.230 11.075 6.498 6.587 4.077

W-A-2g W-45-g W-60-g W-45-5g W-60-5g W-45-10g W-60-10g

22.778 14.931 13.079 19.340 10.482 20.743 5.547

‡§≈◊Õ∫
F

2 °√—¡ 5 °√—¡ 10 °√—¡ Fcritical
Gla ∑’Ë 45 ·≈– 60 Õß»“ 3.865 1.318 1.229 4.026

(n=10,10) (n=10,10) (n=10,9) (n=10,10)

W31 ∑’Ë 45 ·≈– 60 Õß»“ 1.573 1.147 5.797 4.357

(n=10,10) (n=10,10) (n=10,10) (n=10,9)
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¿“æ∑’Ë 5 · ¥ß§à“ —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π·≈–§à“ F ¿“æ∑’Ë 6 · ¥ß§à“ —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π·≈–§à“ F

¢Õß√–¬–‰À≈¢Õß‡§≈◊Õ∫Gla ¢Õß√–¬–‰À≈¢Õß‡§≈◊Õ∫W31

µ“√“ß∑’Ë 7 · ¥ßº≈°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‚¥¬ t - test

¿“æ∑’Ë 7 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß√–¬–‰À≈·≈–πÈ”Àπ—°¢Õßµ—«Õ¬à“ß¢Õß‡§≈◊Õ∫ Gla ·≈– W31

µ—«Õ¬à“ß t P tcritical º≈

G-45-2g+G-60-2g 4.8298 0.0001 2.1009 ·µ°µà“ß

G-45-5g+G-60-5g 10.4306 4.6502E-09 2.1009 ·µ°µà“ß

G-45-10g+G-60-10g 15.8334 1.3089E-11 2.1098 ·µ°µà“ß

G-45-2g+G-45-5g 10.8279 2.5908E-07 2.1009 ·µ°µà“ß

G-45-5g+G-45-10g 11.3947 1.1556E-09 2.1009 ·µ°µà“ß

G-60-2g+G-60-5g 17.6212 8.4690E-13 2.1009 ·µ°µà“ß

G-60-5g+G-60-10g 13.7984 5.1677E-11 2.1009 ·µ°µà“ß

W-45-2g+W-60-2g 5.7018 2.0875E-05 2.1009 ·µ°µà“ß

W-45-5g+W-60-5g 8.6404 8.0472E-08 2.1009 ·µ°µà“ß

W-45-10g+W-60-10g 7.7880 3.5846E-07 2.1009 ·µ°µà“ß

W-45-2g+W-45-5g 5.9602 1.2223E-05 2.1009 ·µ°µà“ß

W-45-5g+W-45-10g 5.8069 1.6778E-05 2.1009 ·µ°µà“ß

W-60-2g+W-60-5g 12.8857 1.5905E-10 2.1009 ·µ°µà“ß

W-60-5g+W-60-10g 13.5159 7.26927E-11 2.1009 ·µ°µà“ß
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Q = Wpg sinθ  δ3

3µ

§«“¡ —¡æ—π∏å¢ÕßÕ—µ√“‰À≈ (Q) ¢Õß¢Õß‡À≈«∫πæ◊Èπ

√“∫‡Õ’¬ß∑’Ë¡’Àπâ“°«â“ß¢Õß¢Õß‡À≈«∑’Ë‰À≈ (W) §«“¡Àπ“·πàπ

¢Õß¢Õß‡À≈« (ρ) ·√ß¥÷ß¥Ÿ¥‚≈° (g) §«“¡Àπ◊¥ (µ) ·≈–§«“¡

Àπ“¢Õß¢Õß‰À≈ (δ) · ¥ß‰¥â¥â«¬ ¡°“√¥—ßπ’È

 ¡°“√π’È¡’ ¡¡ÿµ‘∞“π∑’Ë¢Õß‡À≈«¡’ ¡∫—µ‘ Newtonian

¡’§«“¡Àπ“ ·≈– ¡∫—µ‘°“√‰À≈§ß∑’Ë (steady flow) ·≈–· ¥ß„Àâ

‡ÀÁπ«à“Õ—µ√“°“√‰À≈·ª√µ“¡§à“¡ÿ¡¢Õßæ◊Èπ≈“¥‡Õ’¬ß ¢π“¥æ◊Èπ√“∫

·≈–§«“¡Àπ“´÷Ëß —¡æ—π∏å°—∫ª√‘¡“≥¢Õß‡À≈« ·µà·ª√º°º—π°—∫

§à“§«“¡Àπ◊¥¢Õß¢Õß‡À≈« ÷́Ëß Õ¥§≈âÕß°—∫º≈°“√∑¥≈Õß¢Õß

ß“π«‘®—¬π’È∑’ËπÈ”Àπ—°µ—«Õ¬à“ß·≈–Õß»“°“√∑¥ Õ∫¡’º≈µàÕ√–¬–‰À≈

‚¥¬πÈ”Àπ—°µ—«Õ¬à“ß‡æ‘Ë¡¢÷Èπ√–¬–‰À≈‡æ‘Ë¡¢÷Èπ ·≈–‡¡◊ËÕÕß»“°“√«“ß

‡æ‘Ë¡¢÷Èπ√–¬–‰À≈‡æ‘Ë¡¢÷Èπ

4.  √ÿª

°“√ª√–¡«≈¢âÕ¡Ÿ≈¥â«¬ ∂‘µ‘¢Õßº≈°“√∑¥ Õ∫ Inclined

Flow Plane Test „πß“π«‘®—¬π’È· ¥ß„Àâ‡ÀÁπ«à“§«“¡Àπ◊¥¢Õß‡§≈◊Õ∫

ª√‘¡“≥¢Õßµ—«Õ¬à“ß∑’Ë„™â„π°“√∑¥ Õ∫ À√◊ÕÕß»“≈“¥‡Õ’¬ß∑’Ë„™â

„π°“√∑¥ Õ∫ ¡’º≈µàÕ§à“√–¬–‰À≈∑’Ë‰¥â®“°°“√∑¥ Õ∫ Õ¬à“ß¡’

π—¬ ”§—≠  ”À√—∫Õÿª°√≥å Inclined Flow Plane Test „π°“√

∑¥≈Õßπ’È· ¥ß„Àâ‡ÀÁπ«à“√–¬–‰À≈‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕª√‘¡“≥µ—«Õ¬à“ß·≈–

Õß»“≈“¥‡Õ’¬ß„π°“√∑¥ Õ∫‡æ‘Ë¡¢÷Èπ ·≈–º≈°“√∑¥ Õ∫¡’§à“

 —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π‰¡à§ß∑’Ë¢÷Èπ°—∫§«“¡Àπ◊¥¢Õß‡§≈◊Õ∫ ‚¥¬

º≈°“√∑¥ Õ∫¢Õß‡§≈◊Õ∫∑’Ë¡’§«“¡Àπ◊¥µË” (∑’Ë 950 ÌC 104.987Pa s)

¡’§à“§ß∑’Ë ¢≥–∑’Ë‡§≈◊Õ∫∑’Ë¡’§«“¡Àπ◊¥ Ÿß (∑’Ë 950 ÌC 105.247Pa s)

§à“ —¡ª√– ‘∑∏‘Ï§«“¡·ª√ª√«π¡’·π«‚πâ¡≈¥≈ß‡¡◊ËÕª√‘¡“≥µ—«Õ¬à“ß

·≈–Õß»“≈“¥‡Õ’¬ß„π°“√∑¥ Õ∫‡æ‘Ë¡¢÷Èπ (10 °√—¡ ·≈– 60 ÌC

µ“¡≈”¥—∫) ¥—ßπ—Èπ°“√„™â Inclined Flow Plane Test ‡ª√’¬∫‡∑’¬∫

§«“¡Àπ◊¥¢Õß‡§≈◊Õ∫∑’Ë¡’ ¡∫—µ‘·µ°µà“ß°—πµâÕß§”π÷ß∂÷ßªí®®—¬

¥—ß∑’Ë°≈à“«¢â“ßµâπ¥â«¬

°‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥ ¥√.æ®¡“π ∑à“®’π ·≈–§ÿ≥Õÿ¡“æ√

 ÿ¢¡à«ß ∑’Ë‰¥â„Àâ§”ª√÷°…“„π°“√„™â ∂‘µ‘«‘‡§√“–Àå¢âÕ¡Ÿ≈ ¥√.°π‘…∞å

µ–ª– “ ·≈–¥√.ª“…“≥ °ÿ≈«“π‘™ ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå 3D

drawing ·≈–¢Õ¢Õ∫§ÿ≥»Ÿπ¬å‡∑§‚π‚≈¬’‚≈À– ·≈–«— ¥ÿ·Ààß™“µ‘

 ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’·Ààß™“µ‘ ∑’Ë„Àâ°“√

 π—∫ πÿπ‡ß‘π∑ÿπ„π°“√«‘®—¬¢Õß‚§√ß°“√π’È
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