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Abstract 
This study aimed at investigating the influence of tunnel length and area, drag coefficient, train velocity

on the  characteristics of ventilation in railway tunnel. The modified Subway Environment Simulation(SES)

computer  program has been used to calculate the flow velocity and longitudinal emission concentration with

various condition. According to a series of numerical simulation, the influence of various parameter on

maximum air flow  velocity, purging length and emission concentration are estimated
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୭Ӕٜয࢑সҗࢤഝࣻળ੄ೱ࢚ী۽بۄٮա୍ب

١੄ӝр࢑সী؀ೠҊࣘച؀߂ਊ۝ചоਃҳࢲݶغ,

ౠ൤ ীب୍ ੓যחࢲ नӏ֢ࢶ ҕࢎ ߂ ഋ੄ࢶ ૒ࢶച

߂ ചоࢶࠂ ഝߊ൤ ੉ܖয૑ࢲݶ ఠօѤࢸ੉ ૐоೞҊ

੢؀ఠօ੉ਃҳغҊ੓חप੿੉׮. 

੉ী ۄٮ ఠօ੄ب୍ ജӝदझమ੄ ীߨӝ҅ࢸ ҙब

੉ ҊઑغҊ ੓ਵա അ੤੄ Ҵղীח ఠօب୍ ജӝ҅ࢸ

ܳ ਤೠ ӝࣿ੄ ୷ୋ੉ Ѣ੄ হח ࢚క۽ അ੤ חغ઱ߊ

؀ࠗ࠙੄ҕܳࢎ৻Ҵ੄ਊ৉ࢎ੄߂҅ࢸ੗ޙী੄ઓೞ

Ҋ੓חप੿੉׮.

۽੸ਵ߈ੌ ఠօ੄ب୍ ജӝח ର۝੄ ৌਸߊ ୊ܻೞ

ӝਤೞৈఠօղৡ࢚بथਸরઁ·ઁযೞݾח੸җ, ର

۝ীࢲ חغ୹ߓ য়৏ޛ૕੄ ઁѢೞৈ ௝੸ೠ ജ҃ਸ ഛ

ച੤दחࢲ੢؀ఠօীژ ,ݴغҳ࠙۽ೞӝਤೠജӝࠁ

ࢸ੉ജӝदझమҗҙ۲ೞৈࢸ੤दߑ߂োߓೠ࠺؀ܳ

 .׮Ҋ੓غ҅

ب୍ ఠօীࢲ ജӝ दझమ਷ ఠօਸ ਍೯ೞח ର۝੄

ҳࢿ(ࢎਊোܐ, ਍೯ઑѤ) ߂ఠօ੄ઁਗ(ఠօӡ੉, ఠօ

 .׮௼ѱ߸ೡࣻ੓ࢲۄٮ੸)ীݶױ

ب୍ ఠօജӝߑध਷ ఠօ੄ ౠ࢚ࢿ ৌରо ాҗೠ റ

ী য়৏ҕӝܳ ബਯ੸ਵ۽ नࢶҕӝ۽ Ү୓(purging)ೡ

ࣻ ੓ח ध੉ߑ ੸ਊغҊ ੓ਵࣻ׮ ,ݴ੄ ఠօী ଻ఖػ

ध਷ߑ ध, ࣻ૒јߑ஠ܰ౟(saccrdo)ࢎ ,धߑӝߓ࣠

Portal Doorߑध ߂ חژ)झ࠺ࢲ ౵੉܃౟)ఠօਸ ੉ਊ

ೠ࣠ߓӝߑध੉੓5-8.׮)

ೠژ য়৏ޛ૕ ઁѢܳ ۽੸ਵݾ ೞח ജӝ੄ ҃਋ী

ب ب୍ ఠօীחࢲ חఠօҗ۽ب ܻ׳ ର۝੉ ӆܳب

ੌ੿ೠ दр рѺਸ Ҋف ਍೯ೞӝ ীޙٸ оदѢܻח

௼ѱ ૑غदઁޙ ঋࢲۄٮ .׮ח, ੋ рীѱ ੸ܻࢤ ੘ਊ

ী ৔ೱਸ ઱ח оझ࢚ ૕(CO, NOx)੉ޛ ജӝ੄ ؀࢚

੉ ѱغ ౠ൤ .׮ػ ٣઄ ӝҙରীࢲ੄ য়৏ޛ૕ ୹۝ߓ

਷ ର۝ী ೧࠺ ൤׼࢚ ௼ӝ ীޙٸ ੉ী ؀ೠ ୊ܻо

ਃҳغҊ੓׮.

Ӓ۞ա ੉ী ؀ೠ Ҵղ੄ ӝࣿ୷ୋ਷ ੹ޖೞژ ,ݴೠ

חఠօҗ۽ب ܻ׳ ఠօղ ӝܨ੄ ഋࢿ੉ ৌର੄ ਍೯ী

੄೧ࢲәѺೞѱ߸ೞӝޙٸী࠺੿࢚࢚క੄҅࢑੉ࣻ

೯غযঠೞח੼ী࢑҅ࣻࢲਸాೠജӝ҅ࢸী݆਷য

۰਑੉੓׮.

ࢲۄٮ ࠄ োҳীחࢲ ఠօ੄ب୍ ജӝܳ҅ࢸ ਤೠ ӝ

ѐ֛੄ࠄ ੿݀ਸ ਤೞৈ Ҵ੄޷ ਍ࣻࢿ(DOT)ী ੄೧ࢲ

ѐغߊয ੹ ۽੸ਵ҅ࣁ ૑ೞ୍ജӝ҅ࢸী Ҋغਊࢎ ੓

ח SES ೐۽Ӓ۔ਸ ੉ਊೞৈ ఠօղ য়৏֪ܳب ҅࢑ೞ

ӝ ਤೠ ೐۽Ӓ۔ਸ ѐߊೞ৓ਵݴ, ఠօӡ੉, ݶױ੸ ৌ

ର੄਍೯ࣘب, ೦۱҅ࣻ١੉ఠօղೂࣘ߸ച߂য়৏֪

.׮৔ೱਸѨషೞҊ੗ೠח஖޷ನী࠙ب

2. ୍ ఠօղೂࣘب ࢑̔

ࠄ োҳীחࢲ ఠօীࢲ੄ ೂࣘ਷ SES೐۽Ӓ۔ী ੄

೧ࢲҳೞ৓ਵݴ, SESীחࢲఠօ੹ҳрױ҅߂੉աജ

ӝҳܳ ۽ਵ࣌ࣂ ࠙ೡೞৈ ঑۱ಣഋधਸ ҳೞҊ Loop

System Methodী੄೧ࢲೂࣘਸҳೞҊ੓1,2.׮)

ఠօղೂࣘীо੢௾৔ೱਸ޷஖חҮాജӝ۱ী؀

೧ࢲঌই׮ݶࠁ਺җэ׮.

Ӓܿ 1. ఠօղ ৌର੄ ೖझహ ബҗ
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Ӓܿ1਷فജӝҳࢎ੉ܳ઱೯ೞҊ੓חৌର઱߸੄

঑۱࠙ನܳࠁৈ઱חӒܿ੉׮.

ఠօ੄ ӝחܨ Үాജӝ۱੉ۄҊ ಴അೞח ҳр b৬ f

੄ࢲ੉ীࢎ ঑۱ରী ੄೧ࢲ ೞѱࢤߊ ߸ৌର઱ .׮ػ

(near-field)੄ਬزഅ࢚਷ఠօ੹୓(far- field)੄ਬز

അ࢚ਵ۽ ؀୓غয ৌର੄ ,ݴغ࢑҅ Ѽੋ۱਷ ध(1)җ

э׮.

CD =             -ft (1)

ৌରখীࢲ੄঑۱Pfחध(2)৬э੉ఠօীࢲ੄

݃଴੷೦җജӝҳী੄ೠ঑۱ࣚप۽಴അ׮ػ.

Pf = P1 + f         ρ (2)

̔ ੄Үాജӝ۱(driving force)ࢲೠৌରখীژ חࣻ

CΔp̀ò = (3) 

ৌର ّࠗ࠙੄ ঑۱ъೞب э਷ ۽ਵߨߑ ಴അೡ ࣻ

੓݅׮ .׮ ജӝҳীࢲ ఠօ۽ ٜযয়ח ӝחܨ ୡӝী

ജӝҳ ੼੄ܨ࢚ ঑۱ী ח׮ܲٮ Ѫ݅ ࢲۄٮ .׮ܰ׮

ജӝҳܳ ాೞৈ ٜযয়ח ҕӝ੄ դܨ ഒ೤ী ੄ೠ ঑

۱ରܳ Ҋ۰೧ঠ ೠ׮. ੉ח ਺׮ धਸ ਊೞৈࢎ ҅࢑ೡ

ࣻ੓׮.

Pb = Pα+ f         ρ (4)

CΔp̀x̀i = (5)

CΔp̀ì = (6)

ਤ੄धٜਸઙ೤ೞৈ঑۱ରܳҳೞݶध(7)۽աఋյ

ࣻ੓׮.

=        CΔp̀ò +     (L+ℓ) + CΔπ+ CΔp̀x̀i

= β2Ω (7)

ੌ੿ೠ ӝೞ೟੸ ౠࢿ(l/d)ਸ о૑ח ৌର੄ Ѽੋ੷೦

.׮աఋյࣻ੓۽੸ਵࢎӔ۽਺धਵ׮חࣻ҅

CD′=                  CD䝜(1-β)2 (8)

࢚ࣻ CDp̀ò ח β=0 ੌ ٸ ۽ೠ؀ޖ ӟ ఠօীࢲ੄ Ѽੋ

੷೦ਸ Ӕࢎೠ ч੉׮. ৈӝࢲ, βח Tableী ੄೧ࢲ σ੄

(1.׮ҳ೧૓۽ࣻೣ

3. ୍ ૕ഛ࢑ޛয়৏ࢲఠօীب

3.1 ୍ ࢲఠօীب য়৏ޛ૕ ࢿ୹ౠߓ

੄ࢲఠօীب୍ য়৏ޛ૕ ਷ࢿ୹ౠߓ ఠօਸ ాҗח

ର۝ী ࢲۄٮ അ੷ೠ ର੉ܳ աఋմ׮. ૊ ఠօਸ ੹ӝ

ӝҙର݅ ઱೯ೞח ҃਋ীח য়৏ޛ૕੄ ୹੉ߓ ੹ഃ হ

Ҋ׮ ࠅ ࣻ ੓ਵա, ٣઄ӝҙରо ాҗೞח ҃਋ীח ӝ

ҙ੄ ୹۱੉ ੗زରী ࢲ೧࠺ ؀ഋ੉ӝ ীޙٸ য়৏ޛ૕

୹۝੉ߓ അ੷ೞѱ ૐ؀ೞݴ, ઱ য়৏ޛ૕਷ CO, NOx,

 .׮ػো١੉ݒ

ౠ൤, ӝҙରח NOx੄ ۝੉ࢤߊ ݆ӝ ীޙٸ ױ ೠ؀

о ాҗೞ؊بۄ ఠօղ оب֪ ೲਊ֪ܳب ୡҗೞח ҃

ΔP
ρ
2g

V2σ

｜σ-β｜(σ-β)
(1-σ)2

ℓ
d√σ( () )

U2

2g
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2g
L
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ρ
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2g
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਋оࢤߊೡࣻب੓׮.

য়৏ޛ૕ߓ୹۝਷಴1 җэࠄ .׮োҳী࣠חࢲ੄ো

ҳ3)ী੄೧ઁࢲदߓػ୹۝ਸ੸ਊೞ৓׮.

಴ী ੄ೞݶ CO৬ NOxо Ѣ੄ ೠੌز ࣻળ੉ӝ ޙٸ

ী࢚؀੸ਵ۽ೲਊ֪بоষѺೠNOxоઁޙद҃חغ

਋о݆׮. 

3.2 ୍ ࢲఠօীب য়৏ޛ૕੄ ب֪ ҅࢑

ࢲఠօীب୍ য়৏ޛ૕਷ ৌର੄ ੉زী ࢲۄٮ ੉ز

ೞח ੼ ࣗझ(point source)о ۽޲غ ৌର੄ ৬بࣘ ఠ

օղೂࣘ੉ੌ੿ೞݶৌରо૑աр૑੼੄֪ੌחب੿

ೠчਸաఋղѱ4.׮ػ)

ೠژ ৌରо ఠօਸ ઱೯ೡ ٸ ৌର੄ ച (ాexhaust

stack)ীࢲয়৏ޛ૕੉ߓ୹ݶغয়৏ޛ૕਷ৌର઱ਤܳ

൒ܰח ҕӝ൒ܴ੉ դܨ੉ӝ ীޙٸ әࣘೞѱ ఠօղ ҕ

ӝ৬ഒ೤ݴغ, ఠօղয়৏ޛ૕੄֪חبഛ࢑୓੸ী੄

ઓೞѱ חغ ,ؘ ੉ ഛ࢑୓੸਷ Ӓܿীࢲ ࠅ ࣻ ੓ח ৬߄

э੉ ৌର৬ ఠօղ ҕӝ੄ ীب؀࢚ࣘ ੄೧ࢲ Ѿ੿غѱ

׮ػ

ୡӝয়৏֪بо Coੋ ఠօਸ ৌରо ੌ੿ೠ ۽(V)بࣘ

ాҗೞҊఠօղೂ (ࣘU)੉ੌ੿ೞח׮о੿ೞীӒ .ܿ2

৬ э੉ ೠ ؀੄ ৌରо ૓ੑೞৈ t ୡ উز ઱೯ೞח ҃

਋ীఠօղয়৏֪࢑҅ܳبೞ׮ݶ਺җэ׮.

tୡزউৌର੄੉زѢܻ: 

Lt = V·t (9)

tୡزউఠօੑҳীࢲनࢶҕӝਬੑೞחѢܻ: 

La = U·t (10)

য়৏ҕӝ੄ഛ࢑୓੸:

Va = |V - U|·Ar·t (11)

য়৏֪ب੄߸ച۝: 

ΔC =          = (12)

(a) ೠ؀੄ ৌରо ਍೯઺ੋ ҃਋

(b) ৌରо ఠօ୹ҳܳ ాҗೠ द੼

(c) ੌ੿दрറী ਺ৌରо׮ ૓ੑೠ ҃਋

(d) ৌରо য়৏ޛ૕੉ ૑غ୹ߓ ঋ਷ ૑੼ਸ ాҗೞח ҃਋

Ӓܿ ب୍ .2 ఠօী য়৏֪بী ؀ೠ ѐ֛ب

಴ 1. Notch߹ য়৏ޛ૕ ୹۝ߓ ਤױ) : g/HP·h)

EPAUICEMDSONGKNRHPRPMNotch؀࢚

9.5

5.00

12.00

3.00

86.13

10.40

21.68

33.36

1.87

4.75

-

18.58

19.17

-

17.71

14.26

9598

42.67

47.37

37.95

26.32

17.74

17

2953

-

17

2953

-

260

894

-

260

894

-

idle

8

ಣӐ

idle

8

ಣӐ

NOx

CO

S·t
Va

S
｜V-U｜·Ar



য়৏֪ب:

Ct = Co + ΔC (13)

ৌରо ,ࢲۄٮ ఠօਸ ઱೯ೞҊ ੓ח উীز ఠօղ

੉ࠁѢ੄ੌ੿ೠчਸחࢲৌରоాҗೠҳрীחب֪

ѱ ੉ ,ݴغ ч਷ ఠօӡ੉৬ח ࢚ ,ݴҙೞޖ ৬ب؀ࣘ য়

৏ޛ૕ߓ୹۝ী੄೧݅ࢲѾ੿׮ػ. 

ࠄ োҳীחࢲ दрী ܲٮ Ҵ֪ࠗחب חച߸ب֪ ध

(14)ܳ ର࠙ೞৈ҅࢑ೞ৓׮.

+ Vr = S u (14)

4. োҳѾҗ߂Ҋ଴

ࠄ োҳীחࢲ пઙੋ੗(ఠօӡ੉, ݶױ੸, ઱೯ࣘب,

ৌର੄ ೦۱҅ )ࣻܳ ыח ࢲఠօীب୍ য়৏ޛ૕੄ ജӝ

ౠࢿਸ Ѩషೞח Ѫਸ ۽੸ਵݾ SES೐۽Ӓ۔ਸ ఠօղ

য়৏֪࠙بನܳ ҅࢑ೡ ࣻ ੓۾ب ࣻ੿ೞ৓ਵݴ, ಴ 2৬

э਷ ઑѤীࢲ ҅࢑ਸ ࣻ೯ೞৈ ೂࣘ ߂ ਸࢿౠب֪ ࠺

Ү·Ѩషೞ৓׮.

Ӓܿ਷ৌରо1؀оఠօী૓ੑೠറ1दрزউ੄֪

ചܳ߸ب աఋմ Ѫਵ۽ ৌରо ఠօղী ੓ח חউীز

ৌର੄ ਤ஖ীࢲ ୭؀ ܳب֪ ੉ѱࠁ ҕӝ੄ࢶन ,ݴغ

ਬੑਵ۽ ҕӝ Ү୓о ੉ܖয૓ ࠗ࠙਷ оب֪ ੷ೞೞ૑

݅ Ӓۧ૑ ೠޅ ࠗ࠙੄ חب֪ Ѣ੄ ੌ੿ೠ чਸ ੉Ҋࠁ

੓਺ਸ ঌ ࣻ ੓׮. Ӓܿীࢲ नࢶҕӝо ਬੑೞח Ү୓

Ѣ (ܻpurging length)חदр੉҃җೞݶૐоೞҊ੓ਵ

ա ੉ ҃਋ী 1दр੉ ૑աب ৮੹൤ ҕӝҮ୓о ੉ܖয

૑૑ঋҊ੓਺ਸঌࣻ੓׮.

աܳب਷ппNOx৬CO֪ࢶप߂ࢶ੼ࢲӒܿীژ

ఋղҊ ੓׮. য়৏ޛ૕੄ חب֪ CO, 13 ppm, NOx, 8

ppmਵ۽ CO֪بо ֫ѱ աఋաҊ ੓ਵա, COী ؀ೠ

ೲਊ֪150∽100חب ppmੋݶ߈ীNOx੄ೲਊ֪חب

25 ppm੉۽޲NOxо׮ࠁ஖ݺ੸ੋѪਵ׮ػױ౸۽.

Ӓܿ 3਷ ఠօ୷ߑೱ੄ ചܳ߸ب֪ दрী ࢲۄٮ ա

఍մѪ੉׮.

Ӓܿ 4਷ ઱೯ࣘبо 80 km/h੉Ҋ ೦۱҅ࣻо 0.45

ੋ ৌର ాҗद दрী ܲٮ ఠօղ ೂ (ࣘU)߸ച৬ ҕӝ

Ү୓Ѣ (ܻpurging length, Lp)ܳ աఋմѪ੉׮.

Ӓܿ4(a)חఠօݶױ੸੉43 ㎡ੋࢶױఠօ۽ఠօղ

೟֤ࣿޙ
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Ӓܿ 3.  ఠօղ ನ࠙ب֪

߸ ࣻ ҅ ࢑ ઑ Ѥ

ఠօӡ੉

೦۱҅ࣻ

ఠօݶױ੸

઱೯ࣘب

݃଴҅ࣻ

2000, 4000, 6000, 8000, 10000m

0.24, 0.45, 0.64

38, 43, 48㎡ (ఠօࢶױ)

52, 55, 58㎡ ఠօࢶױ) ഛݶױ؀)

64, 67, 70㎡ (ఠօࢶࠂ)

40, 60, 80, 100, 120 km/h

0.025

∂C
∂t

∂C
∂x

಴ 2. пઙ ੋ੗߹ ҅࢑ઑѤ



ೂࣘ਷ৌରоఠօী૓ੑೠറୡӝীәѺೞѱૐоೞ

ݴ ৌରо ઉաрࡅ റ әѺೞѱ хࣗೞҊ ੓׮. ੉৬ э

਷ ҃ೱ਷ ఠօӡ੉о ૣਸࣻ۾ അ੷ೞѱ աఋաҊ ੓ਵ

ఠօӡ੉о ,ݴ 10,000 m۽ ӟ ҃਋ীח ୡӝী әѺೠ

ೂࣘૐоܳ ݴ੉ࠁ ৌରо ఠօղীࢲ ਍೯ೞҊ ੓ח ҃

਋ীחযו੿بदрزউੌ੿ೠೂࣘਸࠁ੉Ҋ੓਺ਸ

ঌࣻ੓׮.

૊ ৌର੄ ૓ੑਵ۽ ੋೠ ೖझహബҗী ੄೧ࢲ ೂࣘ੉

әѺೞѱ ૐоೞৈ ೖझహബҗ৬ ఠօղ ݃଴ࣚप੄ Ӑ

ഋ੉ ਬ૑ݶغ ೂࣘ਷ Ѣ੄ ੌ੿ೠ чਸ ৌରо ,ݴ੉ࠁ

ఠօਸ ઉաоѱࡅ ݶغ Үాജӝ۱੄ ۽ݷࣗ әѺೠ ೂ

ࣘ хࣗഅ࢚੉ աఋթਸ ঌ ࣻ ੓׮. ೂࣘ੄ хࣗח ఠօ

ӡ੉оӟ҃਋׮ࠁఠօӡ੉оૣ਷҃਋ীഅ੷ೞѱա

ఋաؘח੉חҕӝ੄ҙࢿী੄ೠѪਵࢤ۽п׮ػ.

ژ Ӓܿীࢲ ҕӝҮ୓Ѣܻח(Lp)ח ৌରо ఠօਸ ా

җೞח दрزউীח ఠօӡ੉о ૣਸࣻ۾ ӡѱ աఋա

Ҋ੓ਵաৌରоఠօਸాҗೠറীחఠօӡ੉оӡࣻ

۾ ૐоೞח ೞח Ѫਵ۽ աఋաҊ ੓׮. ੉ח ఠօӡ੉

о ӡࣻ۾ ҕӝ੄ ҙࢿ੉ ૐ؀ೞ۽޲ ৌର ాҗ റী ೂ

ࣘ੄хࣗо৮݅ೞѱੌযաӝޙٸ੉׮.

Ӓܿ4(b)חఠօݶױ੸੉67 ㎡ਵࢶࠂ۽ఠօী೧׼

ೞݶױ ,ݴ੸੉43㎡ੋ҃਋৬Ѣ੄ੌزೠ҃ೱਸࠁ੉

Ҋ ੓ਵݴ, ୭؀ೂࣘ਷ ੸੉ݶױ ੘਷ ҃਋ח׮ࠁ ੘ѱ

աఋաҊ੓׮.

ఠօղೂ۝ਸաఋܲٮ੸߸ചীݶױחೠӒܿ5ژ

մѪਵ۽ఠօӡ੉оੌزೠ҃਋ীחఠօݶױ੸੉ૐ

оݶೂࣘ਷хࣗೞաఠօղೂ۝਷ૐоೞחѪਵ۽ա

ఋաҊ੓׮. ૊ఠօݶױ੸੄ૐоਯ׮ࠁೂࣘ੄хࣗਯ

੉੘ח׮Ѫਸঌࣻ੓׮.

Ӓܿ 6਷ ఠօӡ੉ ߂ ఠօ ੸, ೦۱҅ݶױ ,ࣻ ઱೯ࣘ

.׮৔ೱਸաఋմѪ੉ח஖޷оఠօղೂࣘীب

Ӓܿ 6(a)ח ఠօӡ੉৬ ఠօղ ೂࣘਸ աఋմ Ѫਵ۽

ఠօ੄ ӡо ૐоೞݶ ఠօղ ೂࣘ਷ ݃଴੷೦੄ ૐ۽؀

хࣗೞח Ѫਸ ঌ ࣻ ੓׮. ੉ٸ ఠօӡ੉੄ ૐоী ܲٮ
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(a)

(b)

Ӓܿ 4. दрী ܲٮ ఠօೂࣘ ߂ ҕӝҮ୓Ѣܻ

Ӓܿ 5.  ఠօղ ೂ۝
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ఠօೂࣘ੄ хࣗਯ਷ ఠօ ੸੉ݶױ ੘ਸࣻ۾ ௼ѱ աఋ

աҊ ੓ਵݴ ఠօ ੸ੋݶױ 38 ㎡ੌ ٸ 2000mੋ ҃਋

ীחೂࣘ੉7.1 m/sী10000ࢲ m ੋ ҃਋ী4.1ח m/s

۽ 42.3% хࣗೞ70 ,ݴ ㎡ੌ ҃਋ীח ఠօӡ੉о 2000

mীࢲ 10000 m۽ ૐоೞݶ 4.3 m/sীࢲ 2.9 m/s۽ ড

32% хࣗೞҊ੓׮.

Ӓܿ 6(b)ח ఠօ ੸җݶױ ೂࣘ੄ҙ҅ܳ աఋմ Ѫਵ

ఠօղݶ੸੉ૐоೞݶױఠօٸೡੌزఠօӡ੉о۽

ೂࣘ਷хࣗೞҊ੓׮.

੉ٸхࣗਯ਷ఠօӡ੉оૣਸࣻ۾௼ѱաఋաҊ੓

ਵݶױࢶࠂ ,ݴఠօ੄҃਋ীݶױח੸ૐоীܲٮೂࣘ

хࣗਯ਷Ӓ׮૑௼ѱաఋա૑ঋҊ੓׮.

Ӓܿ 6(c)ח ৌର੄ ೦۱҅ࣻо ח஖޷ ৔ೱਸ Ѩషೞ

ӝਤೠѪਵݶױ۽੸੉ੌزೠ҃਋ী೦۱҅ࣻ੄৔ೱ

਷ఠօӡ੉ীҙ҅হ੉Ѣ੄э਷੿۽بաఋաҊ੓ਵ

ੌ ,ݴ ఠҊࠗࢲCD=0.64ীחೞ׼૑ೞ୍ী೧۽੸ਵ߈

ࣘ੹୍੄ഋ࢚җ࠺तೠCD=0.24੄ߧਤীࢲѨషೠѾ

җ, ೦۱҅ (ࣻCD)о ૐоೞݶ ఠօղ ೂࣘ਷ ૐоೞա

0.24ী۽0.64ࢲૐоೞ҃ח਋ীೂࣘ੄ૐоਯ਷ӡ੉

ա ੸ীݶױ ҙ҅হ੉ Ѣ੄ э਷ ੿۽ب աఋաҊ ੓ਵ

೦۱҅ࣻо ,ݴ 0.24ীࢲ ۽0.64 ૐоೞח ҃਋ী ೂࣘ

ૐоਯ਷؀ۚ10%੿ੋبѪਵ۽աఋաҊ੓׮. 

Ӓܿ 6(d)ח ઱೯ࣘبী ܲٮ ೂࣘ߸ചܳ աఋմ Ѫਵ

ఠօղೂݶоૐоೞب઱೯ࣘٸೡੌزఠօӡ੉о۽

ࣘ਷Ѣ੄۹࠺೧ࢲૐоחѪਵ۽աఋաҊ੓׮.

੉ٸ ૐоਯ਷ ఠօӡ੉о ૣਸࣻ۾ ௼ѱ աఋաҊ ੓

(a)

(b)

(c)

(d)

Ӓܿ 6. пઙ ੋ੗о ઱೯ࣘبী ח஖޷ ৔ೱ
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ਵ2,000 ,ݴ mੌ10,000 ,ߓ3חٸ mੌ۽ߓ2.5חٸա

ఋաҊ੓׮.

Ӓܿ 7਷ пઙ ੋ੗о ఠօղ NOx੄ ୭Ҋ֪بী޷஖

ח ৔ೱਸ աఋմ Ѫ੉׮. ৈӝࢲ CO֪חب ೲਊ֪بী

؀࢚ࢳ࠙ܳبীNOx੄֪ޙٸ੘ӝ۽؀੸ਵ࢚ࢲ೧࠺

ਵ۽ೞ৓׮.

Ӓܿ 7(a)ח ӡ੉ী ܲٮ ୭Ҋ֪ܳب ੸ਸݶױ ۽ࣻ߸

ೞৈ಴दೠѪਵݶױ۽੸੉ੌزೠ҃਋ীఠօղ֪ب

ח ઱೯ࣘب৬ ੸੉ݶױ ݶೞੌز ఠօղ חب֪ ӡ੉о

ӡࣻ۾ ডр хࣗೞח ҃ೱਸ ੉Ҋࠁ ੓ਵա ఠօӡ੉о

2,000 mীࢲ 10,000 m۽ ૐоೡ૑بۄ хࣗਯ਷ 10%

੉ղੋ Ѫਵ۽ աఋաҊ ੓׮. ੉ח ఠօղ оب֪ ࢚؀

ীبࣘ ח۹ೞ࠺߈ ҙ҅ܳ ыӝ ীޙٸ ӡ੉о ૐоೞݶ

ఠօղ ೂࣘ੉ хࣗೞৈ য়൤۰ ৌର৬੄ חب؀࢚ࣘ ૐ

оೞӝ Ӓ۞ա .׮੉ޙٸ Ӓܿীחࢲ ৌରо ೠ ؀݅ ૑

աо҃ח਋ীೠ੿ೞҊ੓ਵ۽޲ৌରо؀ف੉࢚ాҗ

ೞৈ ઺୏അ࢚੉ חೞࢤߊ ҃਋ীח ఠօӡ੉о ૐоೞ

.׮ૐоೠ۽ߓ2חبఠօ֪ݶ

ࢲۄٮ ఠօ੄ب୍ ҃਋ীח ఠօղ য়৏ޛ૕੄ ઁѢ

ח ਺ৌର੄׮ ਍೯ झா઴ী ࢲۄٮ য়৏ҕӝܳ ৈೞ൤

नࢶҕӝ۽Ү୓ೞջоҙѤ੉ۄೡࣻ੓׮.

ఠօղয়ܲٮ੸߸ചীݶױఠօחࢲӒܿ7(b)ীژ

৏֪ب੄ ৔ೱਸ ӡ੉ܳ parameter۽ೞৈ աఋմ Ѫਵ

۽ ੹ࣿೠ ৬߄ э੉ ӡ੉੄ ৔ೱ਷ Ӓ׮૑ ௼૑ ঋਵݴ,

(a)

(b)

(c)

(d)

Ӓܿ 7. пઙੋ੗о ఠօղ ୭؀ ীب֪ ח஖޷ ৔ೱ
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੸੉ݶױ ૐоೡࣻ۾ ఠօղ חب֪ хࣗೞח Ѫਵ۽ ա

ఋաҊ ੓׮. ੉ח ఠօ ੸ݶױ ૐо۽ ఠօղ ೂࣘ੉ х

ࣗೞৈ оب؀࢚ࣘ ૐоೞח ীݶ߈ Fig.5ী աఋմ ߄

৬ э੉ ੸੉ݶױ ૐоೞৈ ೂࣘ੉ хࣗೡ૑بۄ ఠօղ

ೂ۝਷ૐоೞӝޙٸ੉׮.

Ӓܿ 7(c)ח ೦۱੄ ߸ചо ఠօղ য়৏֪بী ח஖޷

৔ೱਸ աఋմ Ѫਵ۽ ೂࣘ੄ ҃਋৬ ݃ଲо૑۽ ೦۱੄

৔ೱ਷Ѣ੄ޖदೡࣻ੓חѪਵ۽աఋաҊ੓׮.

Ӓܿ 7(d)ח ઱೯ࣘب੄ ߸ചо ীب֪ ח஖޷ ৔ೱਸ

աఋղҊ ੓ח Ѫਵ۽ ઱೯ࣘبо ૐоೡࣻ۾ য়৏֪ب

ח хࣗೞҊ ੓׮. ੉ח ઱೯ࣘبо ૐоೡࣻ۾ ఠօղ

ೂࣘب ૐоೞա ೂࣘ੄ ૐо׮ࠁ ઱೯ࣘب੄ ૐоо ௼

௼׮ࠁب؀࢚ࣘח஖޷ী৔ೱਸبఠօղয়৏֪۽޲

ѱաఋաӝޙٸ੉׮.

Ӓܿ8਷ఠօӡ੉৬઱೯ࣘبоҕӝҮ୓Ѣܻী޷஖

ח ৔ೱਸ աఋմ Ѫਵ۽ ҕӝҮ୓Ѣܻח ఠօী ৌରо

૓ੑೠറী10࠙ ੉҃җೠद੼ীࢲҳ೧૓ч੉׮.

Ӓܿ 8(a)ח ఠօӡ੉ী؀ೠ ৔ೱਸ աఋմ Ѫਵ۽ ઱

೯ࣘ80חب km/hੌ .׮੉ٸ

Ӓܿীࢲ ఠօӡ੉о ೠੌز ҃਋ীח ੸੉ݶױ ੘਷

ఠօ੄ࢶױ ҃਋о ੸੉ݶױ ௾ ׮ࠁఠօࢶࠂ ҕӝҮ୓

Ѣܻо ௼ѱ աఋաҊ ੓׮. ੉ח ఠօ੄ࢶױ ҃਋ীח

оب؀࢚ࣘ ࢚؀੸ਵ۽ ੘ӝ ীޙٸ ఠօղ ୭Ҋ֪חب

ૐ؀ೞ૑݅ ఠօ ೂࣘ੉ ௼ӝ ژ .׮੉ޙٸ ఠօӡ੉ о

ૐ؀ೡࣻ۾ Ү୓Ѣܻח ૐ؀ೞח Ѫਵ۽ աఋաҊ ੓׮.

੉חӒܿ4 ীݺࢸࢲೠ߄৬э׮.

ژ ఠօ੄ࢶࠂ ҃਋ীח ҕӝҮ୓Ѣܻח ੸੄ݶױ ߸

ചীӒ׮૑௼ѱ৔ೱਸ߉૑ঋਵݴ, ఠօӡ੉о6,000

mੌ ٸ о੢ ҕӝҮ୓ബҗо જ਷ Ѫਵ۽ աఋաҊ ੓

̔ .׮ ࢑Ѿҗী੄ೞ10࠙ݶ ҃җदҮ୓Ѣܻࢶױחఠօ

੄ ҃਋ীח 1,400∼2,000 m੄ ਤীߧ ੓ਵࢶࠂ ,ݴఠ

օ੄҃਋ী1,300∽1,200ח m੄ߧਤী੓חѪਵ۽ա

ఋլ׮.  

੉࢚੄Ѩషীࢲఠօղ֪بীо੢௼ѱ৔ೱਸ޷஖

ח ੋ੗ח ఠօ੄ ੸җݶױ ઱೯ࣘب੉ݴ ఠօӡ੉ীח

௼ѱ ৔ೱਸ ૑߉ ঋ਺ਸ ঌ ࣻ ੓ࢲۄٮ .׮ ఠօীب୍

੄ࢲ য়৏ޛ૕ઁѢח חఠօҗ۽ب ܻ׳ ೂࣘ੄ ૐо݅

ਵח۽ पഅؼ ࣻ হਵݴ, য়৏ػ ҕӝܳ Ү୓ೞח ױࣻ

੉ъҳغযঠೡѪਵࢤ۽п׮ػ. 

5. Ѿۿ

ࠄ োҳীח ࢲఠօীب୍ ജӝѐ֛ਸ ੿݀ೞҊ ҅ࢸ

ܳਤೠ੗بܐ୹ਸݾ಴۽ఠօ੄ݶױ੸, ӡ੉߂ৌର

੄ ೦۱҅ ,ࣻ ઱೯ࣘبо ఠօ੄ ୭؀ ೂࣘ ߂ ୭؀ য়৏

ীب֪ ח஖޷ ৔ೱਸ Ѩషೞӝ ਤೞৈ SES೐۽Ӓ۔ਸ

(a)

(b)

Ӓܿ 8. ઱೯ࣘب৬ ఠօѢܻী ܲٮ ҕӝҮ୓Ѣܻ
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੉ਊೞৈఠօೂࣘਸҳೞҊژ੉ܳࣻ੿ೞৈఠօղয়

৏֪ܳبҳೞ৓׮.

ఠօղয়৏֪߂بೂࣘী؀ೠѨషѾҗ׮਺җэ਷

Ѿۿਸ঳঻׮.

(1) ఠօղ ೂࣘ਷ ৌର૓ੑୡӝী әѺ൤ ૐоೞৈ ৌ

ର੄ ૓୹द әѺ൤ хࣗೞח ҃ೱਸ ੉৬ э਷ അ

࢚਷ఠօӡ੉оૣਸࣻ۾അ੷ೞѱաఋդ׮.

(2) ఠօղ ୭؀ ೂࣘ਷ ੸੉ݶױ ૐоೞݶ хࣗೞח

҃ೱਸࠁ੉աೂ۝਷ૐоೞ҃חೱਸы׮ח.

(3) ఠօীࢲয়৏֪חبৌର৬ӝܨ੄࢚ب؀ࣘী੄

ઓೞݴ, ৌରо ఠօਸ ਍೯ೞח חউীز नࢶҕ

ӝо ৔ೱਸ ஖૑޷ ঋח ৔৉ীחࢲ Ѣ੄ ੌ੿ೠ

чਸэ׮ח.

(4) ఠօղ୭؀য়৏֪חبఠօӡ੉߂೦۱҅ࣻ৬ח

Ѣ੄ޖҙೞݴ઱೯ࣘبоૐоೡࣻ۾ఠօݶױ੸

੉ૐоೡࣻ۾хࣗೞ҃חೱਸэ׮ח.

(5) ҕӝҮ୓Ѣܻח ఠօ ੸੉ݶױ ੘ਸࣻ۾ ૐоೞݴ

ఠօӡחఠօ੄҃਋ীࢶࠂ੸੉64 ㎡੉࢚ੋݶױ

੉о 6,000mੌ ٸ о੢ ૐоೞա 10࠙ ҃җറ੄

Ү୓Ѣܻח 1,200∼1,300 m۽ ௾ ର੉о হח Ѫ

ਵ۽աఋաҊ੓׮.
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