


အမွာစာ 

ဤစာအုပ္ထဲတြင္ ပါေသာ အေၾကာင္းအရာ မ်ားသည္ HVAC (Heating, Ventilating and Air 

Conditioning) System in Marine and Offshore အတြက္ အဓိက ရည္ရြယ္ၿပီး ေရးပါသည္။ Applied 

HVAC in Marine and Offshore ဟုအမည္ေပး ထားသည္႔ အတုိင္း theory မ်ားကုိ သိပ္ၿပီး ေဖာ္ၿပ 

မထားပါ။ တၿခားသူမ်ား ေရးထားေသာ theory အသားေပး စာအုပ္မ်ားကုိ ဖတ္ရွဳၾကပါရန္လည္း  

အေလးအနက္ တုိက္တြန္းပါသည္။ တခါတရံ theory အထုိက္အေလ်ာက္ သိေသာ္လည္း project တစ္ခု 

ဘယ္လို စလုပ္ရတယ္၊ အလုပ္ရ႕ဲ သေဘာတရား ေတြက ဘယ္လုိဆုိတာ တစ္ခ်ိဳ႔က သိပ္မသိၾက ေသာ 

ေၾကာင္႔  သိေစလုိေသာဆႏၵၿဖင္႔ ဒီစာအုပ္က္ုိေရးၿခင္း ၿဖစ္သည္။ ေက်ာင္းဆင္းကာစ အလုပ္စ၀င္မည္႔ 

beginner မ်ားအတြက္ ပိုၿပီး ရည္ရြယ္၍ တစ္စံုတစ္ရာ အက်ိဳးရိွမည္ ဆုိပါက ေက်နပ္ပါသည္။  

HVAC field သည္လည္း တၿခား field မ်ားနည္းတူ က်ယ္၀န္းလွ သၿဖင္႔ ၿခံဳငုံ မိေအာင္ ေရးဖုိ႔ မလြယ္လွပါ။ 

ရွိသမွ်ေသာ mechanical components မ်ားသာမက instruments မ်ား၊ electronic devices မ်ား၊ 

electrical control မ်ား အစုံပါ၀င္ ေပသည္။ အားလုံးကုိ နားလည္မွသာ designer ေကာင္းတစ္ေယာက္ 

ၿဖစ္ေပလိမ္႔မည္။ ဒီစာအုပ္တြင္ေတာ႔ air side အတြက္သာ ေရးနုိင္ေပေသးသည္။ Water side ႏွင္႔ control 

ပိုင္းကုိ အခ်ိန္ရလ်င္ ရသလုိ ဆက္လက္ ေရးသြားပါမည္။  

ေအာင္ၿမတ္သူ 

၂၄-၁၁-၂၀၁၅ 
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Chapter 1

Introduction

HVAC system design လုပ္မည္ဆုိလွ်င္ designer တစ္ေယာက္ အေနနဲ႔ အေၿခခံ အခ်က္ေတြ ဘာေတြ ရိွ 

ထား သင္႔တယ္ ဆုိတာေၿပာလုိပါသည္္။ Designer တစ္ေယာက္ၿဖစ္ဖုိ႔ Engineering နဲ႔ေက်ာင္းၿပီးထားတဲ႔ 

သူတစ္ေယာက္ ဆို ရင္ေတာ႔ ပိုေကာင္းသည္။ တၿခားေမဂ်ာ အေနနဲ႔ ေက်ာင္းၿပီးထားတဲ႔ သူေတြလည္း 

လုပ္ေနၾကတာေတြ ေတြ႔မွာပါ။ ဒါကေတာ႔ သူ႔ရ႕ဲ ၀ါသနာ နဲ႔ ၾကိဳးစားအားထုတ္မွဳ ၊ လုပ္ရည္ကုိင္ရည္၊ ဥာဏ္ရိွမွဳ 

စသၿဖင္႔ ဒီအခ်က္ေတြ အေပၚမွာ မူတည္ ပါလိမ္႔မည္။ ဘာပဲ ေၿပာ ေၿပာ Engineering Sense ကေတာ႔ 

အနည္းဆုံး လုိအပ္ပါတယ္။ Engineering နဲ႔ေက်ာင္းၿပီးထားတဲ႔ သူ မဟုတ္ဘူး ဆုိရင္ Officially အေနနဲ႔ 

Technical Issue ေတြကုိ ေၿပာဆို ေဆြးေႏြး ၾက ေတာ႕မယ္ဆုိရင္ အခက္အခဲေတြ ၾကံဳေတြ႕လာႏုိင္ပါတယ္။ 

Heat Transfer, Air-conditioning, Fluid Dynamic, Fan & Blower, Pump, Compressor & Motor

စတာေတြ သင္ထားခဲ႔ဖူးတယ္ ဆိုရင္ ပုိေကာင္းသည္။ ပုံဆြဲတတ္ရပါမယ္။ Word န႕ဲExcel ကိုအနည္းဆုံးေတာ႔ 

ေကာင္းေကာင္း သံုးတတ္ ရပါမယ္။ Calculation အေတာ္မ်ားမ်ားကို Excel ေပၚမွာပ ဲတြက္ၾကတာမ်ားပါတယ္။ 

က်န္ေသးတဲ႔ အခ်က္ အလက္ ေတြကေတာ႔ အမ်ားၾကီးပါ။ ဒါကေတာ႔ အေၿခခံ အေနနဲ႔ ေၿပာလိုၿခင္း ၿဖစ္သည္္။ 

Understanding the work before engineering

Quotation Stage

Quotation Stage မွာ client က input data ေတြေပးပါတယ္။ သူလုိခ်င္တဲ႔ specification ေတြကိုလဲ 

ေဖာ္ၿပထားေလ႔ ရွိသည္။ Material ပိုင္းကေတာ႔ ေနာက္ကိစၥေပါ႔။ ကိုယ္႔အပုိင္း ကေတာ႔ အရင္ဆံုး တြက္ခ်က္ 

ေပးရမယ္။ ၿမန္ၿမန္နဲ႔ မွန္ေအာင္ လတဲြက္တတ္ဖုိ႔ အေရးၾကီးသည္။ Spec. ကုိေသခ်ာ ဖတ္၍ လိုအပ္တဲ႔ 

အခ်က္ေတြ ပါေအာင္ ထည္႔စဥ္းစားဖို႔ လုိသည္။ သိပ္ေတာ႔ အတိအက် ၾကီးတြက္ရန္ မလုိပါ ။ ဘာေၾကာင္႔လဲ 

ဆုိေတာ႔ ရမွာ ေသခ်ာတဲ႔ အလုပ္ မဟုတ္ေသးလို႔ ၿဖစ္သည္။ ေသခ်ာေပါက္ ရမဲ႔ဟာ ဆုိရင္ေတာ႔ လည္း 

တစ္မ်ိဳးေပါ႔။ Client (or) shipyard က ကိုယ္လို subcontractor ေတြအမ်ားၾကီးကို ေပးၿပီး quotation 

ေတာင္းထားတဲ႔ အတြက္ သတ္မွတ္ထားတဲ႔ အခ်ိန္ (tender) မပိတ္မွီ Submit လုပ္ရန္အတြက္ ၿမန္ၿမန္လုပ္ဖုိ႔ 

ေတာ႔လုိသည္။ ဒီေနရာမွာ ကုမၸဏီ တစ္ခုနွင္႔ တစ္ခုေတာ႔ တူမွာ မဟုတ္ေပ။ ေယဘုယ်အားၿဖင္႔ design 
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engineer ကလုိအပ္တဲ႔ capacity တြက္၊ equipment list ထုတ္ေပး၊ ၿပီးရင္ senior 

engineer/manager/director ဆီပုိ႔၊ သူတုိ႔ကမွ cost ၿပန္တြက္၊ equipment & instrument cost, outfitting 

& accessories , installation & labor,  overhead cost, profit စသၿဖင္႔ အေသးစိတ္ ၿပန္တြက္ ၿပီး 

Quotation submit လုပ္ၾကသည္။

ဒါကေတာ႔ normal procedures ေတြၿဖစ္သည္။ ကုမၸဏီ သိပ္ေသးလြန္းရင္ေတာ႔ engineer လုပ္သူက ဒါေတြ 

အကုန္လုပ္ရနုိင္ပါတယ္။ အလုိဲဆုိရင္ေတာ႔ အေတြ႔အၾကံဳ ေကာင္းေကာင္းလုိအပ္သည္။ ဘာေၾကာင္႔လဲဆိုေတာ႔ 

တြက္တတ္ရံုနွင္႔ မၿပီးပ ဲ material cost ေတြနဲ႔ အလုပ္ရ႕ဲ သေဘာသဘာ၀ ေတြပါ သိဖုိ႔ လုိအပ္လာလို႔ပါ။ 

Engineering ပိုင္းနဲ႔ Poject (implementation) နွစ္ပိုင္း ရွိရာမွာ installation ပိုင္းမွာ ကုန္က်နုိင္မယ္႔ cost 

ကုိေတာ႔ project manager ဆီကေန ရနိုင္ပါတယ္။ အၾကံေပးခ်င္တာကေတာ႔ ကုိယ္မလုပ္ရသည္႔တိုင္ 

ဘယ္ေလာက္ ကုန္က် နိုင္မယ္ ဆုိတဲ႔ estimation လုပ္နိုင္ေအာင္ ေလ႔လာထားပါ။ ပစၥည္းေစ်းနွဳန္းကေတာ႔ 

supplier ေတြဆီကပ ဲ ယူရတာပါပဲ။ Design output ထြက္လာတာနဲ႔ ကုိယ္ propose လုပ္မယ္႔ unit 

ကုိသိၿပီဆုိေတာ႔ ေစ်းႏွဳန္း လွမ္းေမး ရင္ ရနုိင္ပါၿပီ။  

Starting Engineering

Input (or) Design requirement

Input ဆိုတဲ႔ ေနရာမွာ ေအာက္မွာ ေဖၚၿပထားတ႕ဲ Outdoor Condition ေတြကေတာ႔ မပါမၿဖစ္ပါ။  

Summer

- Dry Bulb Temperature (or) Wet Bulb Temperature

- Relative Humidity (RH %)

- Heat Dissipation of the Equipments

Winter

- Dry Bulb Temperature (or) Wet Bulb Temperature

- Relative Humidity (RH %)
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Design condition အေနနဲ႔ ကေတာ႕ Summer မွာ room temperature နဲ႔ RH% ဘယ္ေလာက္လိုခ်င္တယ္ 

စသၿဖင္႔။ ဒီေနရာမွာ client အေနနဲ႔ vessel/room layout (GA) ကို ေပးရ ပါတယ္။ Project က confirm 

မၿဖစ္ေသးခင္ AutoCAD format နဲ႔ ေပးေလ႔ မရိွပါဘူ။ PDF နဲ႔ပေဲပးပါတယ္။ Project confirm ၿဖစ္ၿပီ ဆိုမွ 

ၿပည္႔ၿပည္႔စံုစုံ ေပးပါတယ္။ ပိုၿပီး specific ၿဖစ္တဲ႔ data ေတြလည္း ရလာပါတယ္။ ဒါမွလည္း တြက္ခ်က္ရတာ 

ပိုၿပီးတိက်တဲ႔ Resultကုိ ရရိွမွာၿဖစ္တယ္။ ရလာတဲ႔ PDF layout (GA) ကုိ print ထုတ္။ ၿပီးရင္ တစ္ခန္းခ်င္း 

ေပတံနဲ႔ လိုက္တုိင္းရပါတယ္။ PDF to DXF converter software ေလးေတြလည္း ရွိေနပါၿပီ။ အင္မတန္ 

အသုံး၀င္ပါတယ္။ ရည္ရြယ္ခ်က္ကေတာ႔ room volume ကို ရွာခ်င္လုိ႔ပါ။  

Volume ရၿပီဆိုရင္ air change နဲ႔ေၿမွာက္၊ ဒါဆုိ လုိအပ္တဲ႔ air quantity ရၿပီ။ သိပ္ကုိ ေယဘုယ် ဆန္တဲ႔ 

အဆင္႔ပါ။ Project က confirm ၿဖစ္မွာ သိပ္မေသခ်ာတဲ႔ အဆင္႔ဆိုေတာ႔ ေသခ်ာမတြက္တာပါ။  

ဒီေနရာမွာ air change ဆုိတာ ေၿပာဖုိ႔ လုိလာပါၿပီ။ Air change ကိုယူနစ္အေနနဲ႔ (x/hr) နဲ႔ သတ္မွတ္ 

ၾကပါတယ္။ အခန္းအတြင္းမွာ ရွိေနေသာ ေလေဟာင္းကုိ ေလသစ္နဲ႔ လဲလွယ္တဲ႔ ႏွဳန္းပါ။ တစ္နာရီ ကုိ 

ဘယ္ေလာက္ႏွဳန္းနဲ႔ လမဲလဆုိဲတာၿဖစ္္သည္။ Room volume က m3 (cubic meter) နဲ႔ရတာ ဆိုေတာ႔ cmh 

(cubic meter / hour) အေနနဲ႔ ရပါတယ္။ SI unit အတြက္ ဆိုလုိသည္။ Air volume flow rate ပဲေၿပာေၿပာ ၊ 

air quantity ပေဲၿပာေၿပာ Q တန္ဖိုးေပါ႕။

Q = Volume (m3) x Air Change (x/hr)

Air Change

ဒါကို ဘယ္ေလာက္ေတာ႔ ထားၿပီး တြက္ေပးပါ ဆုိၿပီး client က requirement တစ္ခု အေနနဲ႔ လည္း ေပးတတ္ 

ၾကသည္။ ASHRAE (American Society of Heating, Refrigerating and Air-conditioning Engineers) 

Handbook ေတြမွာလည္း Minimum Air Change ဘယ္ေလာက္ထားၿပီး တြက္ရမယ္ ဆုိတာ room အလုိက္ 

ေဖာ္ၿပထားတာ ေတြ ရိွသည္္။ Reference ယူတြက္ေလ႔ ရိွတ႕ဲ တန္ဖုိးေတြကို ေအာက္တြင္ ေဖာ္ၿပ ေပးထား 

သည္။  
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မွတ္ခ်က္၊ AC = Air conditioning, MV = Mechanical ventilation 

Engine room calculation ကိုေတာ႔ ISO 8861 ဆိုတဲ႔ design requirements ေတြအရ တြက္ရသည္။ 

Mechanical ventilation ကိုပဲ သံုးရသည္။ အင္ဂ်င္အတြက္ လိုအပ္ေသာ Combustion air ကုိလည္း 

ထည္႔စဥ္းစား ရေလ႔ရွိသည္။  

AC System

AC (air conditioning)  system တြင ္Direct Expansion System နဲ႔ Chilled Water System ဆုိၿပီးရိွသည္။ 

Direct expansion system သည္ refrigerant gas  (liquid) ကုိ တိုက္ရိုက္ AHU (air handling unit) ထမွဲာ 

ရွိတဲ႔ cooling coil (evaporator) မွာ direct expand ၿဖစ္ေစၿပီး heat exchange လုပ္ေပးတာ ၿဖစ္ၿပီး ၊ chilled 

water system ကေတာ႔ ကုိ chilled water ကုိ AHU ထမွဲာ ရွိတဲ႔ cooling coil ကို ၿဖတ္ေစၿပီး heat 

exchange လုပ္တာၿဖစ္သည္။ 

ၿမင္ရင္ ဘာ sysetm လဲဆိုတာ အလြယ္တကူ ခြဲလို႔ရသည္္ ။ Capillary tube ကေလးေတြ AHU မွာ ေတြ႔တယ္ 

ဆုိရင္ ဒါဟာ direct expansion system ပါ။ Chilled water pipe အၾကီး ၂ ေခ်ာင္း (အ၀င္ န႕ဲ အထြက္) 

ေတြ႔တယ္ဆုိရင္ ေတာ႔ ဒါဟာ chilled water system ပါ။ 

Direct Expansion (DX) AHU

ေအာက္ကပုံ သည္ DX unit ၿဖစ္သည္။ တကယ္ေတာ႔ ဒီပုံက Daikin ကထုတ္ေသာ Package Unit ပုံပါ။ 

Tube ေလးေတြ အမ်ားၾကီးေတြ႕ပါလိမ္႔မယ္။ Package unit ဆိုသည္မွာ compessor, condenser, 

evaporator coil, control devices, electrical switch board အားလံုး တစ္ေနရာ ထမွဲာ 

တတ္ဆင္ထားေသာ ယူနစ္ ကုိဆုိလိုသည္။  
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Figure 1a. DX Coil of Package Unit

Figure 1b. Package Unit
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Air Handing Unit (AHU)

သမာရိုးက် AHU ေတြမွာ ပါ၀င္တဲ႔ အပိုင္းေတြကေတာ႔ intake filter (fresh air ပဲၿဖစ္ၿဖစ္ return air 

ပၿဲဖစ္ၿဖစ္)၊ Mixing Section (fresh air နဲ႔ return air ေရာေႏွာရန္အတြက္)၊ Coil Section (cooling coil and 

heater) နဲ႔ Fan Section တုိ႔ၿဖစ္သည္။ ဒီပံုစံကေတာ႔ ေတြ႔ရတာ အမ်ားဆုံးၿဖစ္သည္။ Blower ကိုေနာက္ဆုံးမွာ 

ထားတဲ႔အတြက္ Draw-Through Type လို႔ေခၚရမွာပါ။ Blow-Through Type ဆုိတာ ရွိပါေသးတယ္။ 

သူကေတာ႔ blower ကို coil ရဲ႕ ေ႔ရွမွာ ထားပါတယ္။ ေလကို coil ဆီကို မွဳတ္ထုတ္တဲ႔ အတြက္ Blow-

Through လို႔ေခၚတာပါ။ 

AHU တစ္လံုးရ႕ဲ drawing ကုိေအာက္မွာ ေဖာ္ၿပထားသည္။ ဘယ္ဖက္ဆံုးမွာ ေတြ႔ရတဲ႔ 1500 ဆုိသည္႔ 

opening သည္ return air အတြက္ အ၀င္ပါ။ Duct နဲ႔ join လိ႔ု ရသလို free return အေနနဲ႔ ထားလဲ ရသည္။ 

အေပၚက 850 ဆုိတာကေတာ႔ fresh air intake အတြက္ပါ။ Section 1 ဆုိတာကေတာ႔ Mixing Section 

ၿဖစ္၍ Section 2 အေတာ႔ Coil Section ပါ၊ ေနာက္ဆုံး Section 3 ကေတာ႕ Fan Section ပါ။ ဒီ AHU 

ကေတာ႔ capacity မ်ားတဲ႔အတြက္ coil ႏွစ္ထပ္ သုံးထားသည္။ Cooling capacity သာမက Air Quantity 

လမဲ်ားပါတယ္။  

Figure 2. AHU Drawing
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Coil size ေရြးတဲ႔ ေနရာမွာ cooling capacity ေပၚ မူမတည္ပ ဲair quantity ေပၚမွာ မူတည္ပါတယ္။ Coil ရ႕ဲ 

fin ေလးေတြၾကားမွာ ၿဖတ္သြားမဲ႔ air velocity (Face Velocity) ဟာ 2.5m/s ေလာက္ပဲ ထားရပါတယ္။ 

အဒဲါထက္မ်ားရင္ carried over လုိ႔ေခၚတဲ႔ ေရစက္ေလးေတြ coil ရဲ႕ မ်က္ႏွာၿပင္ ကုိ မထိပဲ by Pass ၿဖစ္ကာ 

အၿပင္ကို ထြက္သြားတတ္လုိ႔ပါ။ ဒါဟာ face velocity မ်ားတဲ႕ အတြက္ၿဖစ္ၿခင္းပါ။ ဒီအေၾကာင္းကုိ  

ဆရာေကာင္းထက္ညြန္႔ ေသခ်ာေရးထားပါတယ္။ www.acmv.com မွာ ရွာဖတ္ၾကည္႔ပါ။  

ေအာက္ပံုမွာ အ၀င္ အထြက္ ပိုက္ ၂ေခ်ာင္းကို ေတြ႔ပါလိမ္႔မယ္။ အ၀င္ပုိက္ က ေအာက္က ပုိက္ၿဖစ္ၿပီး 

အထြက္ပိုက္ ကေတာ႔ အေပၚက ပိုက္ ၿဖစ္သည္္။ ၎ကုိ Header ဟုေခၚသည္။ Copper material ကုိ 

အသုံးၿပဳေလ႔ ရွိ၏္။ Heat Transfer ေကာင္းမြန္မွဳ ေၾကာင္႔လည္း ၿဖစ္ပါတယ္။ 

Figure 3. AHU Coil Section
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Figure 4. AHU Cooling Coil

Electric Heater

ေအာက္တြင္ ေဖာ္ၿပထားတာ ကေတာ႔ electric heater ပါ။ Capacity မ်ားတဲ႔ အတြက္ 6-Stage 

ေတာင္ရွိပါတယ္။ 220 kWပါ။ Cooling & heating capacity တြက္တယ္၊ ၿပီးရင္ AHU manufacturer ဆီကုိ 

လုိခ်င္တဲ႔ data ေပးလ်င္ manufacturer က sizing လုပ္ပါတယ္။ ကုိယ္႔မွာ ေနရာ အခက္အခဲ ရိွရင္ေတာ႔ 

သူ႕ကုိေၿပာထားရတာေပါ႔ compact design ၿဖစ္ေစခ်င္တဲ႔ အေၾကာင္း။ AHU က Horizontal လား Vertical 

type ကိုလုိခ်င္တာလား စသၿဖင္႔ ေၿပာဖို႔လုိသည္။ Horizon & Vertical ဆုိသည္မွာ blower outlet 

ကုိေၿပာၿခင္းၿဖစ္သည္။ Horizontal type တြင္ discharge side (blower outlet) သည္ horizontal 

အတုိင္းၿဖစ္၍ vertical type တြင္ discharge side (blower outlet) က အေပၚသုိ႔ ထြက္သည္။  
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Figure 5. AHU Heating Coil

အခုေဖာ္ၿပထားတာ ေတြကေတာ႔ typical အေနနဲ႔ပဲ ေၿပာရမွာပါ။ Humidifier (သုိ႔) dehumidifier ေတြလဲ 

operation လုပ္မဲ႔ ေဒသ ေပၚမွာ မူတည္ၿပီး install လုပ္ေလ႔ရိွပါတယ္။ ေၿပာခဲ႔သလုိ cooling coil နဲ႔ fin ေတြကုိ 

Cu/Cu သုံးေလ႔ ရွိသကဲ႔သုိ႔ Aluminum fin ေတြလဲ သံုးၾကပါတယ္။ Heater ေတြကိုေတာ႔ stainless steel coil 

ေတြကိုပ ဲအမ်ားဆုံး သံုးပါတယ္။ Heater ေတြမွာ safety အေနနဲ႔ overheat protection device ကိုသံုးထား 

သည္။ 89°C (Auto Reset) နဲ႔ 120°C (Manual Reset) ဆိုၿပီး ႏွစ္ဆင္႔ ခံထားပါတယ္။ Auto Reset ကေတာ႔ 

ရွင္းပါတယ္။ 89°C ေက်ာ္သြားရင္ cut out လုပ္ေပးၿပီး နည္းနည္း cool down ၿဖစ္သြားတာနဲ႔ Auto On တယ္။ 

Manual ကေတာ႔ Device ရဲ႕ ဘုေလး (Knob) ၾကြတက္လာၿပီး manually press ၿပန္လုပ္ေပးရပါတယ္။ 

ေနာက္ၿပီး flow switch ကုိလည္း heater အတြက္ သုံးပါေသးတယ္။ Air flow ကုိ pressure difference ေပၚ 

အေၿခခံၿပီး sensing လုပ္ေပးတဲ႔ sensor ပါ။ Air flow မရိွရင္ ့့heater ကအလုပ္မလုပ္ပါဘူး။  

Chiller

Project ၾကီးတာေတြမွာ centralized AHU ေတြသံုးတဲ႔ ေနရာမွာ chilled water system သုံးၾက သည္။ 

Chiller ကိုမ်ားေသာအားၿဖင္႔ lower main deck မွာထားေလ႔ရိွ၏။ Water maker room, water treatment 

room, pump room စသၿဖင္႔ machinery space သည္ main deck ရ႕ဲ ေအာက္မွာပ ဲ ရိွ၍ chiller room 
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ကုိလည္း ေအာက္မွာပဲ ထားသည္။ လုိအပ္ေသာ cooling water ကုိလည္း သိပ္အလွမ္းမေ၀းေသာ ေနရာမွပဲ 

ယူရန္လိုသည္။ ထုိ႔အတြက္ ကုန္က် စရိတ္လဲ သက္သာသည္။ chilled/condenser water pipe မ်ားသည္ 6'' 

မွ 10'' ေလာက္ေတာ႔ ရိွၾကသၿဖင္႔ ၄င္း ပုိက္မ်ားကုိ အေ၀းၾကီး run ေနရလ်င္လည္း ေနရာအတြက္ေကာ 

ကုန္က်စရိတ္ အရေကာ အဆင္မေၿပလွပါ။

AHU မ်ားကုိေတာ႔ Livig Quarter (LQ) အတြက္ဆုိလ်င္ LQ မွာပဲထားေလ႔ ရိွသည္။ ထိုမွသာ air distribution 

အတြက္ အဆင္ေၿပ လိမ္႔မည္ ၿဖစ္သည္။ Pressure drop ကုိလည္း ထည္႔စဥ္းစား ဖို႔လုိသည္။ Serving area 

ကသိပ္ေ၀းေနပါက pressure drop ကို overcome ၿဖစ္ေစရန္ အားေကာင္းေသာ blower ကုိသုံးရသည္႔ 

အတြက္ AHU အတြက္လည္း ေနရာက်ယ္က်ယ္ လုိအပ္ေပလိမ္မည္။  

Chiller မ်ားကုိ သံုးေသာ compressor အမ်ိဳးအစား ကုိလုိက္ၿပီး ေခၚေလ႔ရိွသည္။ Centrifugal Chiller, Screw 

Chiller စသၿဖင္႔။ Chiller အတြက္ သုံးေသာ Refrigerant ကလည္း အမ်ိဳးမ်ိဳးၿဖစ္နုိင္သည္။ R134a, R410A 

စသၿဖင္႔႔။ R22 ကေတာ႔ Performance အေကာင္းဆုံးၿဖစ္ေပမယ္႔ သူ႕ရဲ႕ GWP (Global Warming Potential) 

ၿမင္႔မွဳေၾကာင္႔ ဆက္ၿပီး ထုတ္တာ နည္းသြားပါၿပီ။ DX system ကိုေတာ႔ သူ႕ရ႕ဲ limited capacity ေၾကာင္႔ 

Centralized AHU ေတြအတြက္ သိပ္ၿပီးေတာ႔ အသံုး မမ်ားပါ။ ေအာက္ တြင္ Carrier မွ ထုတ္ ေသာ 

Centrifugal Chiller (Water Cooled Chiller) တစ္လုံးကုိ ၿပထားပါသည္။ သူကေတာ႔ R134a သံုးထားၿပီး 

Capacity 583 RT (Refrigeration Ton) ပါ။ kW ေၿပာင္းခ်င္ရင္ေတာ႔ ေအာက္ပါ Formula 

အတ္ုိင္းေၿပာင္းနိုင္သည္။ 

kW = 3.517 x Refrigeration Ton
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Figure 6. Fresh water cooled centrifugal chiller



Chapter 2

Heat Load Calculation

Heat load calculation ကိုတြက္ခ်က္ရာတြင္ ISO 7547 (Ship and Marine Technology - Air-

conditioning and Ventilation of accommodation spaces - Design conditions and basis of

calculations) ကို အေၿခခံ၍ တြက္ၾကတာမ်ားသည္။  ISO 7547 ကုိ 1985 တြင္ First edition အေနနဲ႔ 

ထုတ္ေ၀ခဲ႔ၿပီး 2002 တြင္ Second edition အေနနဲ႔ ထုတ္ေ၀ခဲ႔သည္။ ပထမ အၾကိမ္ ထုတ္ေ၀ခဲ႔တာကို ဒုတိယ 

အၾကိမ္ နဲ႔ အစားထုိး ပယ္ဖ်က္ လိုက္တဲ႔ အတြက္ ပထမ အၾကိမ္က Content မ်ားကုိ မွီၿငမ္းစရာ မလုိေပ။ ဒီ 

standard သည္ accommodation အတြက္သာ အက်ံဳး၀င္သည္။  

2.1 Accommodation

Accommodation ဆုိသည္မွာ Public rooms, cabins, offices, hospitals, cinemas, recreation rooms, 

gyms, pantries without cooking appliances, mess rooms စသည္႔ ေနရာမ်ားကုိ ဆုိလိုသည္။ Galley 

(မီးဖုိေဆာင္) ကလည္း႔ Accommodation block ထမွဲာပဲ ရွိသည္။ Galley AHU/Fan ကေတာ႔ သူ႔အတြက္ 

သီးသန္႔ထားသည္။  

ISO 7547 ကုိအေၿခခံ၍ တြက္မည္ ဆုိပါက The minimum quantity of outdoor air ကို Total supply air 

ရ႕ဲ 40% ထက္မနည္းေစရ ဆိုတဲ႔ Statement တစ္ခုေတာ႔ ရိွသည္။  

ေအာက္ပါ Indoor condition ေတြအေပၚ အေၿခခံ၍ system ကုိ design လုပ္ရမည္။ 

Temperature and humidity in summer

(a) Outdoor air: +35°C and 70% RH

(b) Indoor air: +27°C and 50% RH
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မွတ္ခ်က္။ တကယ္လက္ေတြ႔ တြင္ ရရွိေသာ Indoor air သည္ ေဖာ္ၿပပါ condition ႏွင္႔ ကြာၿခားနုိင္ပါသည္။ 

အထူးသၿဖင္႔ humidity မတူညီနုိင္ပါ။ အေတြ႔အၾကံဳ အရ design က 50% ၿဖစ္ေသာ္လည္း RH 60% ေလာက္ 

ရေလ႔ ရိွသည္။  

Temperature in winter

(a) Outdoor air: -20°C

(b) Indoor air: +22°C

မွတ္ခ်က္။ ISO standard တြင္ ေဆာင္းတြင္းတြင္ ရွိရမည္႔ humidity requirement ကို သတ္မွတ္ 

ေဖာ္ၿပထားၿခင္း မရွိေပ။  

2.2 Method of Calculation

Transmission loss or gain ကိုတြက္ရန္ ေအာက္ပါ ေဖာ္ၿမဴလာ ကုိ အသံုးၿပဳ ရမည္။ ယူနစ္သည္ (Watt) 

ၿဖစ္၍ မ်က္ႏွာၿပင္ တုိင္းအတြက္ သတ္သတ္စ ီတြက္ေပးဖုိ႔ လုိသည္။  

Heat transfer ဘာသာရပ္ကို သင္ခဲ႔ဖူးသူမ်ား ကေတာ႔ ဒီ terms ေတြကုိ ရင္းႏီွးဖူး ပါလိမ္႔မည္။ Φ ေနရာမွာ Q 

အေနနဲ႔ ေတြ႔ဖူးၿပီး Q=KA(ΔT) ဆိုတဲ႕ Heat conduction ကုိတြက္တာပါ။  

Where,

ΔT is the difference in air temperature , in Kelvins (air-conditioned space နဲ႔ non-air-conditioned 

internal space ၾကား temperature ၿခားနားခ်က္ ၿဖစ္သည္) 

kv is total heat transfer coefficient, in W/m2K ( surface Av အတြက္ၿဖစ္သည္) 

Av is the surface, in m2, side scuttles and rectangular windows (glazing+200mm) မပါ၀င္ပါ 
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    side scuttles and rectangular windows အတြက္ Fig. 1 & 2 ကိုၾကည္႔ပါ 

kg is total heat transfer coefficient, in W/m2K ( surface Ag အတြက္ၿဖစ္သည္) 

Ag is the area, in m2, side scuttles and rectangular windows (glazing+200mm) အတြက္ 

Air-conditioned and non-air-conditioned internal spaces ၾကားမွ ΔT တန္ဖုိး ကုိ ေအာက္ပါ table မွ 

reference ယူ၍ တြက္နုိင္သည္။  
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Total heat transfer coefficient, k တန္ဖုိးကုိ table 2 မွယူ၍ တြက္နုိင္သည္။ မ်က္ႏွာၿပင္ အားလုံးမွာ 

လုံေလာက္တဲ႔ Thermal insulation ကပ္ထား ဖုိ႔ေတာ႔လုိပါတယ္။ Client က k တန္ဖိုးေပးတယ္ ဆိုရင္ေတာ႔ 

သူေပးတာကုိ ယူပါ။ ေပးမထားရင္ေတာ႔ အထက္မွာ ေဖာ္ၿပထားတဲ႔ ေဖာ္ၿမဴလာ နဲ႔တြက္ပါ။  
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Table 2 - Total Heat Transfer Coefficient

Surfaces Total heat transfer

coefficient (W/m2.K)

Weather deck not exposed to sun's radiation and ship side ad external

bulkheads

0.9

Deck and bulkhead against engine room, cargo space or other non-air-

conditioned spaces

0.8

Deck and bulkhead against boiler room or boiler in engine room 0.7

Deck against open air or weather deck exposed to sun's radiation and

deck against hot tanks

0.6

Side scuttles and rectangular windows, single glazing 0.5

Side scuttles and rectangular windows, double glazing 3.5

Bulkhead against alleyway, non-sound reducing 2.5

Bulkhead against alleyway, sound reducing 0.9

Thermal insulance, ML , of non-ventilated air gap အတြက္ ေအာက္ပါ Table 3 ကို မီွၿငမ္းနိုင္သည္။ 

Thermal insulance သည္ Thermal resistance (R) ႏွင္႔ အတူတူ ပင္ၿဖစ္သည္။ သူ၏ unit သည္ (m2.K/W) 

ၿဖစ္၍ Thermal conductivity ၏ unit နဲ႔ ေၿပာင္းၿပန္ၿဖစ္သည္။ Air gap ဆုိသည္မွာ Bulkhead နဲ႔ 

Compartment ၾကားမွာ ရွိေသာ gap ၿဖစ္သည္။ Bulkhead တြင္ Insulation ခံေလ႔ ရိွသည္။  
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2.3 Solar Heat Gain

Solar heat gain ကုိေအာက္ပါ ေဖာ္ၿမဴလာ အတိုင္းတြက္ယူနုိင္သည္။  

Where,

Av is the surface exposed to solar radiation in m2, side scuttles and rectangular windows

(glazing+200mm) မပါ၀င္ပါ 

k is total heat transfer coefficient, in W/m2K ( surface Av အတြက္ၿဖစ္သည္) 

ΔTr is the excess temperature (above the outside temperature, for example 35°C) caused by

solar radiation on surfaces as follows:

ΔTr = 12 K for vertical light surfaces,
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ΔTr = 29 K for vertical dark surfaces,

ΔTr = 16 K for horizontal light surfaces,

ΔTr = 32 K for horizontal dark surfaces,

Ag is the glass surfaces (clear opening) exposed to solar radiation, in m2

Gs is the heat gain per m2 from glass surfaces as follows:

Gs = 350 W/m2 for clear glass surfaces

Gs = 240 W/m2 for clear glass surfaces with interior shading

ဒုတိယ တန္ဖုိး 240 ကုိပဲ ယူတြက္ေလ႔ ရိွသည္။ Interior shading ေတြအၿမဲ ပါေလ႔ ရိွတာေၾကာင္႔ ၿဖစ္သည္။  

2.4 Heat gain from persons

Indoor temperature 27°C ေအာက္တြင္ လူတစ္ေယာက္က ထုတ္လႊင္႔ နုိင္ေသာ sensible and latent heat 

values မ်ားကုိ Table 4 တြင္ ေဖာ္ၿပထားသည္။ အဆင္ေၿပ သလုိယူ၍ တြက္နုိင္သည္။  
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2.5 Heat gain form lighting and the sources

Daylight ရွိေနေသာ space တြင္ Lighting ေၾကာင္႔ၿဖစ္ေသာ heat gain ကို ယူတြက္ စရာ မလုိ။ Daylight 

မရိွဘူးဆုိလ်င္ေတာ႔ datasheet (သို႔) ၀ယ္ယူသူ ေပးေသာ data ကုိ အေၿခခံ၍ rated wattage of lighting 

မွတြက္ယူရမည္။  

ဘာ data မွမရဘူး ဆိုလ်င္ေတာ႔ ေအာက္ပါ Table 5 တြင္ ေဖာ္ၿပထားေသာ general lighting မွ data 

ကုိယူတြက္ နုိင္သည္။ 

Heat dissipation of appeatus ေတြကုိ Shipyard (သုိ႔) Owner ဆီမွ ရနိုင္သမွ် ယူတြက္ဖို႔လုိသည္။ Heat 

dissipation မ်ားလ်င္ air flow ကို အမ်ားၾကီး ၿမင္႔တက္သြား ေစသည္။  

2.6 Air flow calculation

Room volume ကိုတြက္ခ်က္တဲ႔ ေနရာမွာ Furniture ေတြ Stationary equipment ေတြရ႕ဲ volume ကို 

မႏုွတ္ပါနဲ႔။ အခန္း အၿပည္႔ပဲ ယူတြက္ပါ။ Private sanitary (bath/shower/W.C) ေတြနဲ႔ တြဲထားတဲ႔ Cabins 

ေတြကို ေပးတဲ႔ Supply air ကို sanitary မွႏုွတ္ယူမဲ႔ Exhaust air ထက္အနည္းဆုံး 10% ပိုမ်ားေပးဖုိ႔ 

လုိပါတယ္။ Cabin ကို Positive pressure ထားေပးၿပီး Sanitary ကုိ Negative pressure ထားေပးတဲ႔ 

သေဘာပါ။ Sanitary မွာ pressure ပုိၿမင္႔မယ္ ဆုိရင္ အနံ႔အသက္ေတြ cabin ထကုိဲ ၀င္လာနုိင္ပါတယ္။  
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2.7 Supply air

Supply air ကုိ public sanitary rooms, laundry, changing room, cleaning room စတာေတြကုိ 

တုိက္ရုိက္ေပးသြင္းရမည္ (သုိ႔) ေဘးကပ္ရပ္ အခန္းမွ transfer လုပ္ေပးနုိင္သည္။ ဒီလုိ လုပ္ေပးရာတြင္ duct 

အတုိေလးနွင္႔ grilles ႏွစ္ခု (တစ္ခန္းတစ္ခု) ကိုတပ္ဆင္ၿပီး Transfer လုပ္ေပးနိုင္သည္။ Door 

တြင္တပ္ဆင္ထားေသာ Louver မွ တစ္ဆင္႔လည္း Transfer လုပ္နုိင္သည္။  

Space ကုိေပးသြင္းေပးမည္႔ supply air (from AHU) ၏ temperature ႏွင္႔ space ၏ average 

temperature ၿခားနားခ်က္ သည္ 10°C ထက္မေက်ာ္ေစရပါ။ ဆိုလုိသည္မွာ Space ၏ temperature သည္ 

24°C ၿဖစ္ပါက supply air temperature from AHU သည္ 14°C ထက္မေက်ာ္ေစရ။ ၎သည္ cooling 

mode ကိုဆုိလုိၿခင္း ၿဖစ္သည္။ 

Heating mode အတြက္ဆုိလ်င္ space ကုိေပးသြင္းေပးမည္႔ supply air (from AHU) ၏ temperature ႏွင္႔ 

space ၏ average temperature ၿခားနားခ်က္ သည္ 23°C ထက္မေက်ာ္ေစရပါ။ ဆုိလိုသည္မွာ Space ၏ 

temperature သည္ 24°C ၿဖစ္ပါက supply air temperature from AHU သည္ 47°C ထက္မေက်ာ္ေစရ။  

2.8 Exhaust air

Saloon, mess and dining rooms and comon day rooms ေတြအတြက္ supply air volume ႏွင္႔ exhaust 

air volume သည္ တူညီရမည္။ Pantry and hospital အတြက္ exhaust air flow သည္ supply air flow 

ထက္ 20% မ်ားဖုိ႔လိုသည္။  

Private sanitary rooms (bath, shower or W.C) ေတြမွာ 0.02 m3/s (72 m3/h) သို႔မဟုတ္ minimum 

10 air change per hour ထားရပါမယ္။ ဒီႏွစ္ခု ထဲမွ ပုိၿမင္႔တဲ႔ တန္ဖုိးကို ယူရမွာ ၿဖစ္သည္။ Normal practice 

အေနနဲ႔ 15 air change per hour ယူေလ႔ ရိွသည္။ အေတြ႔အၾကံဳ အရ module toilet ေတြကို 15 x/hr 

ထားၿပီး တြက္တဲ႔ အခါ မ်ားေသာအားၿဖင္႔  72 m3/h ေလာက္ပဲ ရတာမ်ားသည္။  
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Common sanitary rooms (bath, shower, urinal or W.C), laundries and drying and ironing rooms

ေတြကို အနည္းဆုံး 15 air change per hour ထားၿပီး တြက္ရပါမည္။ Changing rooms, washrooms and 

cleaning-lockers ေတြကုိေတာ႔  အနည္းဆံုး 10 air change per hour ထားၿပီး တြက္ဖုိ႔ လိုသည္။  

Passenger ships ေတြ၊ ferry ေတြရ႕ဲ Public sanitary rooms ေတြကို special consideration အေနနဲ႔ 

စဥ္းစား ေပးရပါမယ္။ Passenger ships ေတြက တၿခား class ေတြထက္ Spec. ၿမင္႔တဲ႔ အတြက္ပါ။ 

အနည္းဆုံး 15 air change per hour (သို႔) 0.3 m3/s (1080 m3/h) နွစ္ခုမွ အၿမင္႔ဆုံး ဟာကုိ ယူၿပီး 

တြက္ေပးရပါမယ္။  

2.9 Air balance

system သည္ deck တုိင္းအတြက္ positively balanced ၿဖစ္ေနရမည္။ ဆုိလိုသည္မွာ air-conditioned 

room တိုင္းတြင္ positive pressure ကို maintain လုပ္ထားရမည္။ အခန္းထတဲြင္ tumbler dryer တစ္ခု (သုိ႔) 

တစ္ခုထက္ ပိုရိွပါက supply air နဲ႔ exhaust air အတြက္ ထားရိွရမယ္႔ air balance ကို dryer manufacturer 

ႏွင္႔ တိုင္ပင္ၿပီး လုပ္ေဆာင္ရမည္။  

Hospitals ႏွင္႔ pantries တို႔တြင္ adjoining accommodation ထက္ pressure ကုိ ပိုနည္းေအာင္ maintain 

လုပ္ထားရမည္။  

Exhaust system တြင္ Hospitals, laundries, pantries, sanitary rooms မ်းမွ exhaust air ကုိ

open air သုိ႔ တုိက္ရုိက္ စြန္႔ပစ္ရမည္၊ Recirculation air အၿဖစ္ ၿပန္မသုံးရပါ။ ထုိ႔အၿပင္ ၎ 

ေနရာ မ်ားအတြင္ exhaust system ကုိ တၿခား system မ်ားႏွင္႔ မေပါင္းပ ဲseparate system 

အေနနဲ႔ သုံးရမည္။ 
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2.10 Calculation by ISO 8864

ဒီ Standard ကေတာ႔ Air-conditioned and ventilation of wheelhouse on board ships အတြက္ 

ၿဖစ္ပါတယ္။ အားလံုးနီးပါးက ISO 7547 အေပၚမွာပ ဲအေၿခခံပါတယ္။ Wheelhouse သည္္ Bridge area ကုိ 

ဆုိလိုပါသည္။ Radio cabin ေတာ႔မပါ၀င္ပါ။ Indoor and outdoor design condition ေတြကေတာ႔ ISO 

7547 အတုိင္းၿဖစ္သည္။ Occupancy အေနနဲ႔ wheelhouse တြင္ လူ ၅ေယာက္ ခြင္႔ၿပဳထားသည္။  

2.10.1 Calculation of heat gains and heat losses

Summer condition အတြက္ အထက္တြင္ ေဖာ္ၿပထားေသာ heat transmission calculation (2.2 & 2.3) 

ကုိပ ဲသုံး၍ တြက္ရသည္။ ေအာက္တြင္ ေဖာ္ၿပထားေသာ modification ေတြကေတာ႔ ၿခြင္းခ်က ္အေနနဲ႔ apply 

လုပ္ရမည္။ Winter condition အတြက္ 2.2  အတိုင္း တြက္ရမည္။  

Notes for summer conditions

1. Additional heating in winter အတြက္ separate heating ကုိ အသုံးၿပဳရမည္။ ဆုိလုိသည္မွာ unit 

heater ကို သုံးခုိင္းၿခင္း ၿဖစ္သည္။  

2. External sides and top of wheelhouse ေတြသည္ light-colored surfaces ေတြၿဖစ္ရမည္။ Purchaser 

က သူလုိခ်င္တဲ႔ အေရာင္သုတ္ခိုင္း လွ်င္ေတာ႔လည္း သူ႔သေဘာပါ။ 

3. Wheelhouse roof ရ႕ဲ maximum heat transfer coefficient value  ကုိ 0.5 W/m2.K ယူၿပီး တြက္ရ 

မည္။ တၿခား surfaces ေတြအတြက္ heat transfer coefficient value ကုိေတာ႔ ISO 7547 ရ႕ဲ table 2 မွ 

ဖတ္ယူရမည္။  

2.10.2 Heat gain from persons

လူတစ္ေယာက္မွ ထုတ္လႊင္႔နုိင္ေသာ sensible and latent heat တန္ဖုိးကုိ (activity - seat at seat) အေနနဲ႔ 

ယူရမည္။ Sensible heat 70 W နွင္႔ latent heat 50 W ၿဖစ္သည္။ 
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2.10.3 Heat gain from lighting and other sources

Lighting မွ heat gain ကုိ ထည္႔တြက္စရာ မလိုပါ။  

Heat gain from apparatus နွင္႔ equipment မ်ားမွ heat gain ကုိ ၎ equipment မ်ား operation 

လုပ္ေဆာင္စဥ္ ေပးရေသာ Input ကုိ အေၿခခံ၍ တြက္ရမည္။ (W) သုိ႔ (kW) နဲ႔ ယူၿပီး တြက္ရမွာ ၿဖစ္သည္။  

Electrical equipment ေတြရဲ႕ maximum simultaneous and continuous heat gain တန္ဖုိးေတြကုိ 

purchaser က ေပးရမွာ ၿဖစ္သည္။ Equipment ေတြရဲ႕ location ကိုလ ဲေၿပာၿပ ထားရမည္။ ဒါမွ သက္ဆုိင္ရာ 

ေနရာ အတြက္ system heat gain ကုိတြက္ခ်က္ နုိင္မည္ ၿဖစ္သည္။  

Operation လုပ္ေနခ်ိန္တြင္ equipment ေတြရဲ႕ heat gain ကို  purchaser ကဘာမွ ေၿပာမထား လ်င္ 2 kW 

ယူၿပီး တြက္ရမည္။  

2.10.4 Air flow calculation

Room volume ကုိ တြက္ခ်က္ရာတြင္ consoles, chart table, furniture, sanitary equipment စသည္႕ 

အရာမ်ားကို total room volume ထမွဲ မနွဳတ္ပယ္ ရေပ။ အခန္းၿပည္႔ အေနနဲ႔ စဥ္းစားရမည္။  

2.10.5 Supply Air flow

အထက္ပါ ISO 7547 မွ အခန္း 2.1 ႏွင္႔ 2.2တြင္ေဖာ္ၿပထားေသာ condition ကုိ ထိန္းသိမ္း ထားနိုင္ေသာ 

air flow ႏွင္႔ outdoor supply air flow 0,008 m3/s (28.8 m3/h) per person - နွစ္ခုမွ တန္ဖုိးမ်ားတာကုိ 

ယူရမည္။  

Temperature of Supply Air flow

အခန္း 2.7 တြင္ ေဖာ္ၿပထား သည္႔ အတုိင္းၿဖစ္သည္။  

2.10.6 Air Balance

Positive pressure ကုိ maintain လုပ္ထားေပးေသာ system ၿဖစ္ရမည္။  
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2.11 ISO 8862

ဒီ Standard ကေတာ႔ Air-conditioned and ventilation of machinery control-rooms on board ships 

အတြက္ ၿဖစ္ပါတယ္။ အားလံုးနီးပါးက ISO 7547 အေပၚမွာပ ဲအေၿခခံပါတယ္။ Main alarm displays and 

controls for propulsion machinery အတြက္ system အထိုင္ခ် ထားေသာ space ကို  machinery 

control-room ဟုေခၚသည္။  

ေအာက္ပါ condition အေပၚ အၿခခံ၍ system ကို design လုပ္ရမည္။  

(a) Outdoor air: +35°C and 70% RH

(b) Indoor air: +27°C

(c) Engine room air: +45°C

Temperature အားလုံးသည္ dry bulb temperature ကုိ ဆုိလုိသည္။   

machinery control-room တြင္ occupancy အေနနဲ႔ လူ ၃ေယာက္ ခြင္႔ၿပဳထားသည္။ Purchaser က 

သူလိုခ်င္ေသာ အေရအတြက္ သတ္မွတ္ထားလ်င္ ေတာ႔ သတ္မွတ္တဲ႔ အတုိင္းယူ ရမည္။  

2.11.1 Calculation of heat gains

ISO 7547 တြင္ ေဖာ္ၿပထားေသာ heat transmission calculation (2.2 & 2.3) ကိုပဲ သုံး၍ တြက္ရသည္။ 

Machinery room ၿဖစ္သည္႔ အတြက္ heat loss ကိုထည္႔တြက္ စရာ မလိုပါ။   

မွတ္ခ်က္။ 

Additional heating in winter အတြက္ separate heating ကို အသုံးၿပဳရမည္။ ဆိုလုိသည္မွာ unit heater 

ကုိ သုံးခိုင္းၿခင္း ၿဖစ္သည္။  
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ISO 7547 ရိွ table 2 တြင္ ေဖာ္ၿပထားေသာ total heat transfer coefficient values မ်ားသာ မက 

ေအာက္ေဖာ္ၿပပါ table မွ values မ်ားပကုိ လည္း အလ်င္းသင္႔ သလို သုံးစြဲ ရမည္ ၿဖစ္သည္။  

2.11.2 Heat gain from persons

ISO 7547 အတုိင္းၿဖစ္သည္။  

2.11.3 Heat gain from lighting and other sources

- Purchaser မွ သီးသန္႔ ေဖာ္ၿပ မထားပါက heat gain from general lighting ကို 10 W/m2 ယူရမည္။  

- Peak cooling load အခ်ိန္ မွာ appliance ေတြ ပံုမွန္ သုံးစြဲ မွဳေၾကာင္႔ ၿဖစ္ေပၚလာေသာ  sensible heat 

gain ကုိယူရမည္။  

- Electrical equipment ေတြရ႕ဲ maximum simultaneous and continuous heat gain တန္ဖုိးေတြကုိ 

purchaser က ေပးရမွာ ၿဖစ္သည္။ Equipment ေတြရဲ႕ location ကိုလ ဲေၿပာၿပ ထားရမည္။ ဒါမွ သက္ဆုိင္ရာ 

ေနရာ အတြက္ system heat gain ကုိတြက္ခ်က္ နုိင္မည္ ၿဖစ္သည္။  

- Equipment ေတြရဲ႕ heat gain ကိ ု purchaser ကဘာမွ ေၿပာမထား လ်င္ 7 kW ယူၿပီး တြက္ရမည္။  
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2.11.4 Air flow calculation

Room volume ကုိ တြက္ခ်က္ရာတြင္ consoles, chart table, furniture, sanitary equipment စသည္႕ 

အရာမ်ားကို total room volume ထမွဲ မနွဳတ္ပယ္ ရေပ။ အခန္းၿပည္႔ အေနနဲ႔ စဥ္းစားရမည္။  

2.11.5 Supply Air flow

အထက္ပါ ISO 7547 မွ အခန္း 2.1 ႏွင္႔ 2.2 တြင္ေဖာ္ၿပထားေသာ condition ကုိ ထိန္းသိမ္း ထားနိုင္ေသာ 

air flow ႏွင္႔ outdoor supply air flow 0,008 m3/s (28.8 m3/h) per person - နွစ္ခုမွ တန္ဖုိးမ်ားတာကုိ 

ယူရမည္။  

Temperature of Supply Air flow

အခန္း 2.7 တြင္ ေဖာ္ၿပထား သည္႔ အတုိင္းၿဖစ္သည္။  

2.10.6 Air Balance

Positive pressure ကုိ maintain လုပ္ထားေပးေသာ system ၿဖစ္ရမည္။  
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2.12 Example of heat transmission Calculation

Bridge deck ကုိ တြက္နည္း နမူနာပါ။ 

Figure-5 Bridge deck



Aung Myat Thu Applied HVAC in Marine & Offshore Volume 1



Aung Myat Thu Applied HVAC in Marine & Offshore Volume 1

Survey office ကို္ၾကည္႔ပါမယ္။ 

Figure-6 Room layout

တြက္လုိ႔ ရခဲ႔တာ အဓိက final air change နဲ႕ final air quantity ကိုရွာခ်င္တာပါ။ Trasnmission 

calculation လို႔ေခၚပါတယ္။ ဒါက တစ္ခန္းစာ ပဲ ရွိပါေသးတယ္။ အခန္းရိွ သမွ်ကုိ လုိက္တြက္ဖုိ႔ လုိပါတယ္။ 

အားလုံးၿပီးၿပီ ဆိုမွ total supply air quantity ကိုရပါမယ္။  Equipment ကို select လုပ္ဖုိ႔ cooling capacity 

ကုိ ထပ္တြက္ ဖုိ႔ လိုပါဦးမယ္။ ဆိုပါစုိ႔..AHU တစ္လုံးကုိ select လုပ္မယ္ ဆိုရင္ fresh air နဲ႔ return air 

ရွိပါမယ္။ Minimum outdoor air quantity requirement အရ 40% ၿဖစ္ရမယ္ ဆိုေတာ႔  60% က return 

air quantity ပါ။ 100% fresh air (outdoor air) ကုိ cooling လုပ္ရမယ္ ဆုိရင္ေတာ႔ cooling capacity 

အေတာ္ကို မ်ားသြားပါ လိမ္႔မယ္။ Galley အတြက္ဆုိ လ်င္ေတာ႔ 100% fresh air လုိပါတယ္။ ဒါကေတာ႔ 

ေရွာင္လႊ ဲလို႔ မရ တဲ႔ လိုအပ္ခ်က္ပါ။ Galley အတြက္ သက္ဆုိင္တဲ႔ အခန္းမွာ သတ္သတ္ ေဖာ္ၿပပါမည္။  
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2.13 Consideration of cooling capacity

Cooling capacity ကုိ ရွာရာတြင္ formula ကုိ အသံုးၿပဳ၍ တြက္ခ်က္တာပဲ ၿဖစ္ေစ software ကုိသံုး၍ 

တြက္ခ်က္တာပ ဲၿဖစ္ေစ ၿပဳလုပ္နုိင္သည္။  

Cooling coil မ်ားတြင္ cooling နွင္႔ dehumidification ၿဖစ္စဥ္ ႏွစ္မ်ိဳးလုံး တစ္ၿပိဳင္နက္ ၿဖစ္ေပၚသည္။ 

ထုိအတြက္ေၾကာင္႔လ ဲAHU တုိင္းမွာ condensate pan (drain pan) ထားၿခင္းၿဖစ္သည္။  ထို႔ေၾကာင္႔ sensible 

heat load နွင္႔ latent heat load ကုိတြက္ခ်က္၍ total heat load ကိုတြက္ခ်က္ရမည္။ system မွစုစုေပါင္း 

ဖယ္ထုတ္လုိက္ေသာ အပူကို total heat ဟုေခၚသည္။  ၎သည္ coil ၏ cooling capacity ပင္ၿဖစ္သည္။  

Sensible heat process (Cooling and Heating)

ေလထသဲို႔ အပူထည္႔ၿခင္း (heat added) သုိ႔ အပူဖယ္ထုတ္ၿခင္း (heat removed) တုိ႔ေၾကာင္႔ sensible heat 

ေၿပာင္းလၿဲခင္း (Dry bulb temperature တက္ၿခင္း၊ က်ၿခင္း) ၿဖစ္ေပၚသည္။ သို႔ေသာ္လည္း ေလထတဲြင္ 

ရွိေသာ ေရေငြ႕ပါ၀င္မွဳ ပမာဏ ေၿပာင္းလဲၿခင္း မၿဖစ္ေပၚေပ။  Process သည္ constant humidity 

လုိင္းတစ္ေလွ်ာက္ တြင္သာ ဘယ္၊ ညာ ေၿပာင္းလ ဲ ၿဖစ္ေပၚသည္။ ညာဖက္သုိ႔ သြားလွ်င္ dry bulb 

temperature နွင္႔ enthalpy တိုး၍ sensible heating process ၿဖစ္ေပၚ၍ ဘယ္ဖက္သုိ႔ သြားလွ်င္ dry bulb 

temperature နွင္႔ enthalpy က်ဆင္း၍ sensible cooling process ၿဖစ္ေပၚသည္။  

Latent heat process (Humidification and Dehumidification)

ေလထသဲို႔ ေရေငြ႔ ထည္႔ေပးလုိက္ၿခင္း(water vapour added) ကုိ (humidification process) ဟုေခၚ၍ 

ေလထမွဲ ေရေငြ႔ ဖယ္ထုတ္လိုက္ၿခင္း (water vapour removed) ကို (dehumidification process) 

ဟုေခၚသည္။ humidification process ေၾကာင္႔ enthalpy တိုးလၿပီး dehumidification process ေၾကာင္႔ 

enthalpy က်ဆင္းသည္။ ေလထသဲို႔ ေရေငြ႔ ထည္႔ေပးလုိက္ၿခင္းေၾကာင္႔ humidity ration လည္းတက္လာၿပီး၊ 

ေရေငြ႔ ဖယ္ထုတ္လိုက္ၿခင္းေၾကာင္႔  humidity ration က်ဆင္းသည္။ တစ္ခု မွတ္ရမွာက sensible heat 

change process သည္ horizontal အတုိင္း ေၿပာင္းလၿဲခင္း ၿဖစ္၍ latent heat change process သည္ 

vertical အတုိင္း ေၿပာင္းလဲၿခင္း ၿဖစ္သည္။  
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Figure-7 Latent heat and sensible heat processes

Sensible heat, latent heat နွင္႔ total heat တို႔ကို တြက္ခ်က္ရန္ အတြက္ ပုံေသနည္း မွာ ေအာက္ပါ 

အတုိင္းၿဖစ္သည္။  

QTotal = total heat (Btu/hr) or (Watt)

QS = sensible heat (Btu/hr) or (Watt)

QL = latent heat (Btu/hr) or (Watt)

CFM (or) L/s = volume flow ate

(t2-t1) = temperature change (°C) or (°F)

(w2-w1) = humidity ratio change (lb moisture/lb dry air) or (kg moisture/kg dry air)
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(h2-h1) = enthalpy change (Btu/lb) or (kJ/kg)

On-coil temperature ဆုိသည္မွာ cooling coil အ၀င္ temperature ကုိ ေခၚၿပီး Off-coil temperature 

ကေတာ႔ cooling coil အထြက္ temperature ကို ေခၚၿခင္းၿဖစ္သည္။ On-coil temperature သည္ fresh air 

နဲ႔ return air ေရာထားတဲ႔  mixing air ရ႕ဲ temperature ပါ။ Off-coil temperature ကိုဘယ္ေလာက္ ထား 

မယ္ဆုိတာ အေရးၾကီးသည္။ ပုံမွန္အားၿဖင္႔ ΔT = 10°C ထားေလ႔ ရွိ၏။ ဆုိလိုတာက room design 

temperature က 24°C ဆိုလွ်င္ Off-coil temperature က 14°C ပါ။ 

Plotting in psychrometric chart

လက္ရိွ ကိုယ္႔မွာ ရွိေနတဲ႔ Input ေတြက fresh air (outdoor air) ရ႕ဲ temperature (DB or WB) နဲ႕ RH 

(ဆုိပါစုိ႔ 35°C and 70% RH) ။ rooms ေတြရ႕ဲ design condition ေတြသိတယ္ (ထားပါေတာ႔ 27°C and 50% 

RH)။ Return air ရ႕ဲ temperature က room temperature ထက္ +2°C ေလာက္ပုိမ်ားတယ္ RH ကုိေတာ႔ 

50% ေလာက္ပဲ ထားၿပီး တြက္နုိင္တယ္။ ဒီ ေဒတာေတြကုိ အသုံးၿပဳၿပီး psychrometric chart ေပၚမွာ plot 

ခ်ၿပီး တၿခားေဒတာ ေတြကုိ ဖတ္ယူၿပီး လိုအပ္တဲ႔ cooling capacity ကုိတြက္ယူနိုင္သည္။  

Figure-8 Finding the mixing air condition
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အထက္ပါ ပုံသည္ mixing air ရ႕ဲ condition ကို ရွာရာတြင္ အသုံးၿပဳသည္။ Point-1 ႏွင္႔ Point-2 ကုိ 

လြယ္ကူစြာ plot လုပ္နုိင္သည္။ Point-3 ကိုရွာရန္ ေအာက္ပါ equations မ်ားကို သိထားရမည္။  

Condition မတူတဲ႔ moist airstreams နွစ္ခုေပါင္းစပ္ၿခင္း (adiabatic mixing) အတြက္၎ equation 3 ခု 

သည္ အခရာ က်သည္။  

Mixing point (fresh air and return air) သည္ point of outdoor air condition နွင္႔ point of return air 

condition ဆက္ထားေသာ လုိင္းေပၚမွာပ ဲ ရိွသည္။ Mixing point က ထုိလိုင္းကို segment နွစ္ခု အေနနဲ႔ 

ပိုင္းၿဖစ္ထားသည္။  

ဥပမာ။ 2 m3/s flow rate ရိွတဲ႔ outdoor airstream တစ္ခုဟာ 4°C DB နဲ႔ 2°C thermodynamic WB 

temperature ရိွၿပီး return air 2 m3/s flow rate, 25°C DB, 50% RH နဲ႔ ေရာေနွာတယ္ ဆိုလွ်င္ mixing 

air ရဲ႕ DB, WB ကုိရွာပါ။  



1.
Qxm 

Where,

m. = mass flow rate (kg/s)

Q = volume flow rate (m3/s)

1/ρ =  specific volume of dry air (m3/kg) 
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အထက္မွာ ေဖာ္ၿပထားေသာ equation 3 ခုအရ ဆိုလွ်င္ 

ဒီအခ်ိဳးကို ရၿပီ ဆိုလ်င္ length of line segment 1-3 သည္ lengt of entire line 1-2 ရဲ႕ 0.742 ဆရိွတယ္ 

ဆုိတာ သိရၿပီ ၿဖစ္သည္။ ဒါဆုိ ေပတံ တစ္ခုကုိ ယူၿပီး Point-3 ကုိ Line ေပၚမွာ ခ်နိုင္ၿပီ ၿဖစ္သည္။ ၎အမွတ္ 

သည္  mixing air condition အတြက္ေဒတာ မ်ားကို ဖတ္ယူနိုင္ေသာ အမွတ္ပင္ ၿဖစ္သည္။  

ထုိ႔ေနာက္ ေအာက္ပါ total heat load ကုိ သုံးလို႔ ရၿပီ ၿဖစ္သည္။  

QTotal = 1.2 x L/s x (h2-h1)

L/s သည္ mixing air flow (fresh air + return air), h2 သည္ mixing air အတြက္ၿဖစ္ၿပီး h1 သည္ off-coil 

temperature အတြက္ enthalpy ၿဖစ္သည္။ ယူနစ္ တူေအာင္ေတာ႔ ညွိဖုိ႔လိုသည္။

ရရိွခဲ႔ေသာ cooling capacity သည္ AHU အတြက္ လုိအပ္ေသာ capacity ၿဖစ္သည္။ အနည္းဆုံး ၎ပမာဏ 

ေပးနိုင္ေသာ chiller ကုိဆက္လက္ ေရြးခ်ယ္ရန္သာ က်န္ေတာ႔သည္။ ကုိယ္က AHU manufacturer 

မဟုတ္လွ်င္ ကိုယ္႔ရ႕ဲ design data ေတြကုိ ေပးၿပီး AHU တစ္လံုးမွာရန္သာ လိုသည္။ Cooling capacity 

သာေပးၿပီး မွာရင္လည္း AHU manufacturer ကသူ႔ဟာသူ တြက္ခ်က္ၿပီး sizing လုပ္ေပးသည္။ ကိုယ္ကေတာ႔ 

စစ္ၾကည္႔ဖုိ႔ေတာ႔ လိုအပ္ေပသည္။ အနည္းဆံုး air flow (CMH or CFM), off-coil temperature and cooling 

capacity ေတာ႔ေပးရမည္။ Cooling coil size သည္ air flow ေပၚတြက္ မူတည္သည္။ Coil ကုိၿဖတ္သြားေသာ 

air velocity သည္ 2.5 m/s ထက္မေက်ာ္ေအာင္ coil size ကို ၿပဳလုပ္ေလ႔ ရိွသည္။ AHU ကို ထားမည္႔ေနရာ 

ေပၚမူတည္၍ horizontal unit or vertical unit ၿပဳလုပ္နိုင္သည္။   
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Cooling capacity calculation by software

Cooling capacity ကို software ၿဖင္႔တြက္ပါက ေအာက္ပါ အတုိင္း ေဒတာ နွင္႔ရသည္။ သူကေတာ႔ Mollier 

diagram ပါထုတ္ေပးသည္။ software ေပၚမူတည္၍ အမ်ိဳးမ်ိဳး ၿဖစ္နုိင္ပါသည္။  

နမူနာ အၿဖစ္ ေအာက္တြင္ၿပထားသည္။ Input data အေနနဲ႔ return air condition (air flow 1) dry bulb 

temperature, volumetric flow and RH, outdoor air condition (air flow 2) dry bulb temperature,

volumetric flow and RH သာထည္႔ေပးရန္လိုသည္။ ဒါေတြ အကုန္လံုးက known value ေတြခ်ည္း 

ၿဖစ္သည္။ ဒါဆုိ mixing air condition ေတြ အကုန္တြက္ခ်က္ ေပးသြားသည္။  
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Chapter 3

Duct Sizing

Duct Sizing အမ်ိဳးမ်ိဳး ရွိေပမယ္႔ အသုံး အမ်ားဆံုး (၃) မ်ိဳးကိုပဲ ဒီအခန္းမွာ အဓိက ေၿပာသြားပါမည္။ 

ဒါေတြကေတာ႔  

1) Velocity Reduction Method

2) Equal Friction Method

3) Static Regain Method

တုိ႔ၿဖစ္ၾကသည္။  

3.1 Velocity Reduction Method

ဒီ method ကိုေတာ႔ လြယ္လည္းလြယ္ ၿမန္လည္း ၿမန္တဲ႔ အတြက္ အဓိက သုံးၾကသည္။ အေတြ႔ အၾကံဳ ရွိတဲ႔ 

Designer ေတြအတြက္ကေတာ႔ အလြယ္တကူ အသုံးခ်နုိင္ေပသည္။ တစ္ခါတစ္ရံေတာ႔လည္း Client က 

ဘယ္ method ကုိ သံုးၿပီး design လုပ္ပါဆုိၿပီး ေၿပာတတ္သည္။ ဒါဆုိရင္ေတာ႔ လည္း သူေၿပာသလုိ 

လုပ္ေပးရသည္။ ဘာလုိ႔လဆုိဲေတာ႔ duct sizing လုပ္ၿပီးတာနဲ႔ submit လုုပ္ၿပီး Approval ရယူဖုိ႔လိုတဲ႔ 

အတြက္ၿဖစ္သည္။ Client က မွတ္ခ်က္ မရွိေတာ႔ဘူး ဆုိမွ Duct size ကအတည္ၿဖစ္ၿပီး Install လုပ္ရသည္။  

Velocity Reduction Method တြင္ main duct (သို႔) branches ေတြတြင္ ေလစီးနွဳန္း  (velocity) ကုိ  pre-

defined လုပ္ထားရသည္။ Main duct တြင္ (velocity) ကုိ အမ်ားဆုံး ဘယ္ေလာက္ထားမည္၊ silent room 

ေတြမွာ ေတာ႔ ဘယ္ေလာက္ အမ်ားဆံုးၿဖစ္ရမည္ စသၿဖင္႔ အရင္ သတ္မွတ္ရသည္။  

ဥပမာ- Circular main supply duct ေတြတြင္ velocity ကုိ 16 m/s ထက္ေက်ာ္၍ မထားပါ။ Rectangular 

main supply duct ေတြတြင္ေတာ႔ velocity ကို 10 m/s ထက္ေက်ာ္၍ မထားပါ။ Circular duct ေတြက 

Rectangular duct ေတြထက္စာလ်င္ ေလစီးဆင္း သြားမည္႔ မ်က္နွာၿပင္က ပုိၿပီး smooth ၿဖစ္တဲ႔ အတြက္ 
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velocity ကုိ နည္းနည္း ပိုတင္ထားနုိင္သည္။ အဓိက အားၿဖင္႔ duct ထဲတြင္ စီးဆင္းေနသည္႕ ေလ၏ velocity 

ေၾကာင္႔ ၿဖစ္ေပၚလာသည္႔  ဆူညံမွဳ ကုိ ေရွာင္ရွားနိုင္ရန္ အတြက္ ၿဖစ္သည္။  

circular/rectangular main return/exhaust duct ေတြအတြက္ကေတာ႔ velocity ကုိ 8.5  m/s 

ထက္ေက်ာ္၍ မထားသင္႔ပါ။ ေနရာ အခက္အခဲ ရွိလ်င္ေတာ႔ 10 m/s ေလာက္အထိ ထားနိုင္သည္။ 

အေကာင္းဆူုံကေတာ႔ 6.5  to 8.5 m/s အတြင္းထားရန္ ၿဖစ္သည္။  

Branches အတြက္ကေတာ႔ 4-5 m/s ေလာက္ထားနုိင္လ်င္အေကာင္းဆုံးၿဖစ္သည္။   

3.2 Equal Friction Method

Equal friction method  တြင္ constant pressure loss per unit length အေပၚ၌  အေၿခခံ၍ duct ကုိ 

sizing လုပ္ၿခင္းၿဖစ္သည္။ Duct sizing လုပ္ရန္အတြက္ friction chart ကုိ reference ယူ၍ 

တြက္ရန္လိုသည္။ ၎ friction chart တြင္ recommended friction rate and air velocity 

ကုိေဖာ္ၿပထားသည္။ Air quantity နဲ႔ လက္ခံနုိင္ေသာ friction loss (Pa/m) အေပၚတြင္ အေၿခခံ၍ duct size 

ကုိေရြးခ်ယ္ရန္ ၿဖစ္သည္။ Energy cost ၿမင္႔တာကုိ ထည္႔တြက္စရာ  မလိုပဲ installed ductwork cost 

နိမ္႔တာကို ပ ဲ ၾကည္႔မယ္ ဆုိရင္ေတာ႔ low friction rate design ကုိေရြးခ်ယ္တာက စီးပြားေရး အရ ပုိမို 

တြက္ေခ်ကိုက္ ေပသည္။ ထုိနည္းတူစြာ  low energy cost and high ductwork installation cost 

ကုိစဥ္းစားမယ္ ဆိုလ်င္ high friction rate design က စီးပြားေရး အရ ပုိမို တြက္ေခ်ကိုက္ေပသည္။ 

Friction chart for round duct (SI unit) ကိုေအာက္တြင္ ၾကည္႔ရွဳ နုိင္သည္။  

Friction chart တြင္ round duct size သာေဖာ္ၿပထားသည္။ Rectangular duct ကိုသုံးမယ္ ဆိုလ်င္ round 

duct size ႏွင္႔ equivalent ၿဖစ္တဲ႔  Rectangular duct size ကို ၿပန္ရွာရသည္။ ေအာက္တြင္ ေဖာ္ၿပထားေသာ 

Table မွ equivalent rectangular duct size ကုိအလြယ္တကူ ဖတ္ယူရရိွနုိင္သည္။  
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Figure 1. Friction chart for round duct
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Table 1. Circular Equivalents of Rectangular Duct for Equal Friction and Capacity
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3.2.1 Example for Equal Friction Method

Equation friction method တြက္နည္းကုိ ေအာက္ပါ ဥပမာ နဲ႔ စဥ္းစားၾကည္႔ ၾကမည္။  

Figure 2. Duct sizing for return duct by equal friction method

Heat load calculation ကုိတြက္ၿပီးတာနဲ႔ ဘယ္အခန္း အတြက္ air flow ဘယ္ေလာက္ ေပးရမလ ဲဆုိတာ ကြ် န္ုတို႔ 

သိၿပီး ၿဖစ္သည္။ General arrangement drawing (ship's rooms layout) လရိွဲထားၿပီး ၿဖစ္သည္႔ အတြက္ AHU 

ကေန အခန္းတုိင္းသို႔ ducting ဘယ္လို run မလဲ ဆုိတာကို schematic diagram ထုတ္ၿပီး duct sizing ကုိ စဥ္း 

စား လို႔ ရၿပီလဲ ၿဖစ္သည္။  

အထက္ပါ ပုုံသည္ sizing လုပ္ၿပီးေသာ ပုံၿဖစ္၍ ၎ အတြက္ schematic သည္ ေအာက္ပါ diagram (Fig.3) 

ၿဖစ္သည္။ Section numbers ေတြကို ကုိယ္႔ဟာကုိ assign လုပ္ပါ။ ထို duct သည္ return duct ၿဖစ္ၿပီး 

rectangular duct ကိုသုံးမည္ ၿဖစ္သည္။ Duct sizing လုပ္မည္ ၿဖစ္၍ schematic က စရမည္ ၿဖစ္ၿပီး size 

မသိေသးေပ။ Duct sections ေတြကုိ friction chart (Fig.1) တြင္ေဖာ္ၿပ ထားေသာ suggested range of friction 
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rate အတြင္းမွာ စၿပီး size လုပ္မည္။ Total duct length ႏွင္႔ section duct length ကုိလည္း approximately 

အေနနဲ႔ drawing မွတိုင္းယူနုိင္သည္။  

- Total duct length is 109 ft (33m)

- The total resistance within the duct is taken 0.1 inch water gauge (about 25 Pa)

- The resistance per 100 ft is 0.09 inch water gauge (about 22.5 Pa), and 0.75 Pa/m

Figure 3. System schematic with section numbers
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- Section 1 အတြက္ air flow မွာ 377 L/s friction chart တြင္ၾကည္႔ပါက duct diameter 318mm 

ေလာက္ၿဖစ္သည္။ Rectangular duct ကုိသံုးမည္ ၿဖစ္ေသာေၾကာင္႔ circular equivalents to rectangular duct 

ကုိ Table 1 တြင္ၾကည္႔ေသာ အခါ 400x225 တြင္ dia. 325mm ၿဖစ္သည္။ အနီးစပ္ဆုံး အေနနဲ႔ ဒီဆုိဒ္ 

ကုိယူနိင္သည္။ Available space ကိုၾကည္႔ ၿပီး သင္႔ေတာ္တာကုိ ေရြးရန္ ၿဖစ္သည္။ တၿခား ေရြးခ်ယ္ နုိင္ေသာ 

ဆုိဒ္ေတြ အမ်ားၾကီး ရိွေသာ္လည္း ၎ေနရာတြင္ duct height ကို သိပ္မမ်ားေစခ်င္သည္႔ အတြက္ ဒီဆုိဒ္ ကုိ 

ေရြးၿခင္း ၿဖစ္သည္။  

- Section 2 အတြက္ air flow မွာ 754 L/s ၿဖစ္ေသာေၾကာင္႔ friction chart တြင္ၾကည္႔ပါက duct diameter 

406mm ေလာက္ၿဖစ္သည္။ Circular equivalents to rectangular duct ကို Table 1 တြင္ၾကည္႔ေသာ အခါ 

400x350 တြင္ dia. 409mm ၿဖစ္သည္။  

- အထက္ပါ နည္းအတုိင္း ရွာေသာ္ ေအာက္ပါ table ရသည္။  

- Section number 14 သည္ AHU ရဲ႕ plenum ကိုအ၀င္ၿဖစ္သည္။  

Duct
Section

Duct Element Air
Flow
(l/s)

Duct Diameter
(a)

(mm)
Adopted Duct

Diameter
(b)

(mm)
Equivalent

Rectangular Duct
(c)

(mm)

R1 Duct 377 318 325 400 225

R2 Duct 754 406 409 400 350

R3 Duct 1131 483 488 500 400

R4 Duct 1508 520 518 500 450

R5 Duct 1884 584 589 650 450

R6 Duct 2260 624 622 650 500

R7 Duct 2636 667 666 750 500

R8 Duct 3012 705 700 750 550

R9 Duct 3388 736 732 750 600

R10 Duct 3764 762 763 750 650

R11 Duct 4140 787 787 800 650

R12 Duct 376 314 314 400 200

R13 Duct 752 406 409 400 350

R14 Duct 4892 838 833 900 650

Table 2. Duct sizing by equal friction method
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Section အလိုက္ total pressure loss သည္ ေအာက္ပါ အတိုင္းၿဖစ္သည္။ 

Table 3. Total pressure loss calculation by section

Reference:

(a) Duct diameter from the friction chart for round duct 'ASHRAE (2001), Chapter 34: Duct Design,

Fig.9

(b) Adopted (nearest) valve of circular duct diameter which equivalents of rectangular duct to read

from the table of 'ASHRAE (2001), Chapter 34: Duct Design, Table 2

(c) Design rectangular duct size got from table 'ASHRAE (2001), Chapter 34: Duct Design, Table 2

(d) ASHRAE fitting No. from Ashrae Duct Fitting Database Program (Version 5.00.00) and 'ASHRAE

(2001), Chapter 34: Duct Design,

(e) Pressure drop based on manufacturer's dataFitting Loss Coefficients'
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Table 4. Friction loss coefficient by section
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Table 3 ကုိၾကည္႔ပါ။ ရွင္းစရာ ဆို၍ velocity pressure (Pa), fitting loss coefficient (Co), friction loss 

(Pa/m) သာရိွသည္။  

Velocity pressure (Pa)

Fitting ေတြအတြက္ pressure loss ကုိတြက္ခ်က္ရန္ၿဖစ္သည္။ Formula အေနနဲ႔ ေအာက္ပါ အတုိင္းၿဖစ္သည္။ 

Pressure loss for fitting = velocity pressure x friction loss coefficient (Pa)

Where, Velocity pressure = ρV2/2 (Pa) ------------(Equation 3.1)

ρ = 1.204 kg/m3 (for standard air) 

Fitting loss coefficient

ASHRAE မွ duct fitting database program ကို 1994 တြင္ ထုတ္ထားတာ ရိွသည္။ Fitting loss coefficients 

ေတြကို ၎ database မွ တုိက္ရုိက္ ယူသံုးနုိင္သည္။ Duct size ႏွင္႔ air quantity ထည္႔ေပးလိုက္လ်င္ loss 

coefficient ကုိ program မွ တြက္ခ်က္၍ output အေနနဲ႔ ထုတ္ေပးသည္။ ဥပမာ ၾကည္႔ပါ။  

Figure 4. ASHRAE duct fitting database program
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Friction loss (Duct pressure loss) (Pa/m)

The straight duct friction factor န႕ဲ pressure loss ကို ေအာက္ပါ equation မ်ားမွ တြက္ယူရမည္။  

တကယ္တမ္းေတာ႔ ASHRAE duct fitting database program တြင္ straight duct အတြက္လည္း ပါၿပီး 

ၿဖစ္သၿဖင္႔ program မွရယူနုိင္သည္။ အေပၚပုံကုိ ၾကည္႔ပါ။  

------------(Equation 3.2)

၎ equation သည္ Darcy equation ၿဖစ္သည္။ 

Where,

Friction factor (f) ကုိ ရွာရန္ အတြက္ ေအာက္ပါ equation ကုိ အသံုးၿပဳ ရသည္။  

------------(Equation 3.3)

၎ equation သည္ Colebrook's equation ၿဖစ္သည္။ 

ε - material absolute roughness factor သည္ galvanized steel duct, medium smooth ေတြအတြက္ 

0.09mm ယူရမည္။  

Colebrook's equation ကုိ Altshul and Tsal ဆုိသူ ႏွစ္ဦး၏ ထပ္မံ ၿဖည္႔စြက္ ခ်က္အရ  

------------(Equation 3.4)
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Reynolds number ကို ေအာက္ပါ ေဖာ္ၿမဴလာ မွ ရမည္။ 

------------(Equation 3.5)

Standard air အတြက္ Re ကို ေအာက္ပါ ေဖာ္ၿမဴလာ အရ ပုိမုိ ရုိးရွင္းစြာ တြက္ယူနုိင္သည္။  

------------(Equation 3.6)

Hydraulic diameter ကုိ ေအာက္ပါ အတုိင္း တြက္ပါ။ 

------------(Equation 3.7)

-------------------------------------------------------xxxxxxx--------------------------------------------------------

Table 3 မွ R2 ကုိၾကည္႔ပါ။ Total pressure loss for straight duct 1.38m အတြက္ database program ကုိ 

တုိက္ရုိက္ သံုးၿခင္းမွ 1.24 Pa ရသည္။ အထက္တြင္ ေဖာ္ၿပထားေသာ equation မ်ားကုိ သံုး၍ တြက္ေသာအခါ 

1.16 Pa ရ၏။ ေဒတာေတြကို ၿပန္ခ်ိန္ကုိက္ ၾကည္႔နုိင္သည္။  

Re = 133,862

Dh = 373 mm

f = 0.018

ρ = 1.204 kg/m3 

L = 1.38m

V = 5.4m/s

Finally, it gives ΔPf = 1.16 Pa

Duct fitting database မွ friction loss coefficients တစ္ခ်ိဳ႕ကုိ ဤအခန္း၏ ေနာက္ဆုံး

စာမ်က္နွာ မ်ားတြင္ ေဖာ္ၿပ ေပးထားသည္။ 
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3.3 Static Regain Method

ဒီ method ရဲ႕ ရည္ရြယ္ခ်က္ ကေတာ႔ diverging flow conjunctions ေတြတုိင္းမွာ တူညီတဲ႔ static pressure 

ရေစရန္ downstream duct size ေတြကုိ ေၿပာင္းေပးခ်င္းၿဖစ္သည္။ ပုိမုိ ရွင္းလင္း ေစရန္ အတြက္ formula 

derivation ကိုသိရိွထားဖုိ႔ လိုသည္။  

Bernoulli equation ကုိရင္းႏီွးၿပီး သူမ်ား ရိွပါလိမ္႔မည္။  

------------(Equation 3.8)

Where,

V1 & V2 = average duct velocity at section 1 & 2, m/s

P = absolute pressure at section 1 & 2, Pa (N/m2)

ρ = density at section 1 & 2, kg/m3

g = acceleration due to gravity, m/s2

z1 & z2 = elevation, m

Δpt,1-2= total pressure loss due to friction and dynamic losses between sections 1 and 2, Pa

အထက္ပါ equation တြင္ atmospheric air pressure (pz1 and pz2) at heights z1 & z2 ကုိ သက္ဆုိင္ရာ 

section 1 & 2 ၌ ေပါင္းၿဖင္း ႏွဳတ္ၿခင္း ၿပဳလုပ္ေသာ္ ေအာက္ပါ equation ရရိွသည္။ 

------------(Equation 3.9)

atmospheric pressure (pz1 and pz2) at any elevation ကုိ in terms of the atmospheric pressure (pa) at

the same datum elevation တြင္ေဖာ္ၿပပါက ေအာက္ပါ အတုိင္းၿဖစ္သည္။  

pz1 = pa-gρ1z1 ------------(Equation 3.10)

pz2 = pa-gρ2z2 ------------(Equation 3.11)
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အထက္ပါ pz1 ႏွင္႔ pz2 ကို ဒုတိယ equation တြင္ အစားသြင္းပါက  

------------(Equation 3.12)

ဟူ၍ ေဖာ္ၿပနုိင္သည္။  

ဒီေနရာမွာ sections 1 and 2 ၾကားမွာ temperature change မရိွဟု ယူဆ၍ density ρ1 ႏွင္႔ ρ2 တူညီသည္။ 

Where,

ps,1 = static pressure, gage at elevation z1, Pa

ps,2 = static pressure, gage at elevation z2, Pa

ρa = density of ambient air, kg/m3

ρ = density of air or gas within duct, kg/m3

Δpt = total pressure change between sections 1 and 2, Pa

Δpt,1-2 = total pressure loss due to friction and dynamic losses between sections 1 and 2, Pa

ေနာက္ဆုံး ရခ႕ဲတဲ႔ equation သည္ Static Regain Method  ရဲ႕ design objective က္ုိ စတင္အသုံးခ်ရာတြင္ 

အသုံးၿပဳေသာ formula ၿဖစ္သည္။ 

Diverging flow conjunctions ေတြတုိင္းမွာ တူညီတဲ႔ static pressure ရေစဖုိ႔ ဆုိလ်င္ ps,1 ႏွင္႔ ps,2 တူညီေပးရ 

မည္။ ထုိသို႔ ဆုိလ်င္ ေအာက္ ပါ အတိုင္း ၿဖစ္သြားမည္။ (Thermal gravity effect term ကိုေတာ႔ neglect 

လုပ္ရမည္) 

------------(Equation 3.13)
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where Δpt,1-2 is the total pressure loss from upstream of junction 1 to upstream of junction 2, or the

terminal of section 2.

ေရြးခ်ယ္ လိုက္ေသာ Downstream duct size သည္ အထက္ပါ equation  ကုိ ေၿပလည္ေစရန္ အတြက္ iteration 

method ကို အသုံးၿပဳရ ေပမည္။  

- System design ကုိစတင္ရန္ အတြက္ root section အတြက္ maximum velocity ကုိ အရင္ ေရြးခ်ယ္ ေပးရမည္ 

ၿဖစ္သည္။ Root section ဆုိသည္မွာ fan ရဲ႕ အ၀င္ (သို႔) အထြက္ velocity ကုိ ဆိုလုိၿခင္း ၿဖစ္သည္။ ေအာက္ပါ 

ပုံတြင္ section 6 သည္ return air subsystem ရ႕ဲ root ၿဖစ္ၿပီး section 19 သည္ supply air subsystem ရ႕ဲ root 

ၿဖစ္သည္။  

Figure 5. System schematic with section numbers

- Friction chart တြင္ အမည္းေရာင္ ခ်ယ္ထားေသာ ဧရိယာ သည္ suggested range of air velocity ကုိ 

ေဖာ္ ၿပ ထားေသာ ေနရာ ၿဖစ္သည္။ Energy cost ၿမင္႔ၿပီး ductwok installation cost နိမ္႔လိုပါက lower 

initial velocity ကို ေရြးခ်ယ္ၿခင္းက စီးပြားေရး အရ တြက္ေခ် ကုိက္သည္။ Energy cost နိမ္႔္႔ၿပီး ductwok 

installation cost ၿမင္႔တာ ကို ၾကိဳက္လ်င္ higher velocity ကို ေရြးခ်ယ္ၿခင္းက စီးပြားေရး အရ ပုိမို တြက္ေခ် 

ကုိက္ေပသည္။ 
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- Terminal sections မ်ားမ ွ အပ တၿခား sections မ်ားအားလုံးကို Equation 3.13 ကိုသံုး၍ iteration 

နည္းၿဖင္႔ ေၿပလည္ေအာင္ ေၿဖရွင္းရမည္။ Terminal sections မ်ားမွာ air inlets and outlets မ်ားၿဖစ္သည္႔  1, 

2, 4, 7, 8, 11, 12, 15, and 16 တုိ႔ ၿဖစ္သည္။ Terminal static pressure requirements ေတြကုိ 

သိေနၿခင္း ၿဖင္႔ ၎ sections ေတြရ႕ဲ duct size ကို Equation 3.13 ကုိ သံုးၿပီး တြက္ခ်က္ နိုင္သည္။ 

တကယ္လုိ႔ terminal ဟာ register, diffuser, or terminal box တို႔ ဆုိတာထက္ exit fitting ၿဖစ္ေနမယ္ 

ဆုိရင္ static pressure at the exit of the terminal section ကို zero လုိ႔ယူရပါမယ္။  

3.3.1 Example for Static Regain Method

Static regain method တြက္နည္းကုိ ေအာက္ပါ ဥပမာ နဲ႔ စဥ္းစားၾကည္႔ ၾကမည္။  
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------------(Equation 3.14)

21,  tp = total pressure loss across one section

2

2
1V

= velocity pressure of current duct section

2

2
2V

= velocity pressure of following duct section

- Equation 3.14 ကိုအသုံးၿပဳၿပီး iteration process ကိုစရမည္ ၿဖစ္သည္။ စထည္႔မည္႔ duct size နွင္႔ velocity ကုိ 

friction chart မွ suggested range မွ ယူရမည္။ ေနာက္လာမည္႔ section ရ႕ဲ duct size ကိုေတာ႔ ခန္႔မွန္းၿပီး 

ထည္႔ရ မွာ ၿဖစ္သည္။ Air flow ကေတာ႔ section ႏွစ္ခု စလုံးအတြက္ သိၿပီးသား ၿဖစ္သည္။ အနီးစပ္ ဆုံး ခန္႔မွန္း 

နုိင္လ်င္ေတာ႔ equation က ေစာေစာ စီးစီး ေၿပလည္ မည္ ၿဖစ္သည္။  

- Equation 3.14 တြင္ Zero ၿဖစ္သြားေအာင္ ရဖုိ႔ေတာ႔ မလြယ္ကူလွပါ။ အနီးစပ္ ဆံုး zero အနားသုိ႔ ခ်ဥ္းကပ္ 

သြားၿပီ ဆိုလ်င္ ေတာ႔ ၎ duct size ကိုယူသံုးလ်င္ အဆင္ေၿပနုိင္ပါသည္။ 
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Figure 6. Duct sizing for supply duct by static regain method
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Table 5. Supply duct sizing by static regain method
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*(, *(, #,/(+3 #-(31 #*(0. *(-, *(01 *(2, *(3* *(30 +(*2
*(- #/2(*- #+*(+. #,(0- #*(./ *(-0 *(03 *(2. *(3- +(*2

*(. #+*.(*2 #+2(2* #/(.* #+(/+ #*(*1 *(/, *(11 *(22 +(*+
*(/ #+0-(-0 #,3(31 #2(31 #,(21 #*(0, *(,3 *(01 *(2* *(2.
*(0 #,-/(/3 #.-(.1 #+-(,, #.(.. #+(,* *(+, *(0/ *(2- *(2/
*(1 #-,*(3* #/3(-2 #+2(,+ #0(,/ #+(2. #*(*. *(02 *(3+ *(3-
*(2 #.+3(-, #11(1- #,-(3/ #2(-- #,(/0 #*(,, *(1, +(*, +(*,

*(3 #/-*(20 #32(/* #-*(.. #+*(00 #-(-0 #*(.* *(13 +(+0 +(+.
+(* #0//(/+ #+,+(1, #-1(02 #+-(,0 #.(,/ #*(/3 *(21 +(-- +(,2

*(- *(, #+.(,1 #+(11 *(+- *(00 *(2/ *(3- *(31 +(*- +(,+
*(- #--(0, #/(,2 #*(3/ *(,1 *(1* *(21 *(3. +(*+ +(+3
*(. #0*(2/ #+*(,0 #,(.2 #*(-* *(.1 *(11 *(22 *(3- +(*.
*(/ #3/(21 #+0(0. #.(.. #+(** *(,+ *(00 *(2, *(2. *(2.
*(0 #+-2(-2 #,.(,0 #0(02 #+(1- *(*+ *(00 *(22 *(3+ *(22
*(1 #+22(0* #--(,/ #3(-, #,(/2 #*(,* *(02 *(32 +(*, *(3/
*(2 #,.0(/. #.-(0* #+,(-. #-(/. #*(.- *(1, +(++ +(+/ +(*-

*(3 #-+,(,+ #//(-- #+/(10 #.(0+ #*(02 *(12 +(,0 +(-+ +(+-
+(* #-2/(/3 #02(.- #+3(/0 #/(13 #*(3. *(20 +(./ +(.3 +(,.

*(. *(, #2(11 #*(0. *(/. *(2/ *(3/ *(33 +(*- +(*3 +(-+
*(- #,+(.+ #,(2/ #*(+* *(0- *(21 *(30 +(** +(*0 +(,0
*(. #-3(-* #0(*, #+(*/ *(,2 *(1, *(21 *(3+ *(3, +(**
*(/ #0,(+* #3(30 #,(+0 #*(*0 *(0- *(2/ *(3* *(22 *(20
*(0 #23(11 #+.(0/ #-(., #*(-2 *(0+ *(3- *(33 *(3/ *(3*
*(1 #+,,(.0 #,*(+3 #.(22 #*(1. *(0+ +(*. +(+, +(*0 *(3/
*(2 #+0*(+2 #,0(/0 #0(// #+(+/ *(0, +(+2 +(,3 +(+3 +(*+
*(3 #,*,(3- #--(11 #2(.. #+(0* *(0. +(-0 +(.2 +(-/ +(*1
+(* #,/*(1* #.+(2- #+*(/. #,(*3 *(02 +(/0 +(1+ +(/- +(+/

*(/ *(, #/(./ *(*. *(13 *(31 +(*, +(*. +(*1 +(+. +(-3
*(- #+.(+* #+(-3 *(.* *(2. *(31 +(** +(*, +(*1 +(,2
*(. #,0(.2 #-(/- #*(,. *(/3 *(2- *(23 *(22 *(2/ *(20
*(/ #.+(2. #/(30 #*(2* *(/+ *(22 *(31 *(3/ *(3* *(21
*(0 #0*(0+ #2(3* #+(.0 *(.- *(31 +(*3 +(*0 *(31 *(3*
*(1 #2,(2* #+,(-0 #,(,, *(-/ +(*3 +(,/ +(,* +(*2 *(3-

*(2 #+*2(-3 #+0(-/ #-(*3 *(,1 +(,. +(./ +(-2 +(,* *(30
*(3 #+-1(.+ #,*(20 #.(*1 *(+3 +(., +(02 +(/3 +(-/ *(33
+(* #+03(2. #,/(3* #/(+/ *(++ +(0- +(3/ +(2- +(/, +(*,

*(0 *(, #/(/. #*(*2 *(1* *(3+ *(32 +(*+ +(*/ +(+. +(.,
*(- #+.(.2 #+(1/ *(+- *(0. *(2+ *(22 *(3, *(32 +(+3
*(. #,1(+* #.(+. #*(02 *(,0 *(/1 *(02 *(1+ *(1, *(10
*(/ #.,(2. #0(3+ #+(/* #*(*, *(.1 *(0. *(02 *(03 *(1*
*(0 #0,(*1 #+*(,2 #,(.2 #*(-. *(-1 *(0+ *(01 *(00 *(0-
*(1 #2.(13 #+.(,0 #-(0, #*(1+ *(,1 *(/3 *(01 *(0- *(/.
*(2 #+++(*, #+2(2. #.(3, #+(+, *(+0 *(/2 *(01 *(0+ *(..
*(3 #+.*(10 #,.(*- #0(.* #+(/1 *(*. *(/2 *(02 *(/3 *(-+
+(* #+1.(*+ #,3(2- #2(*. #,(*1 #*(*2 *(/2 *(1* *(/0 *(+/

*(1 *(, #-(30 *(,/ *(2- *(31 +(*+ +(*. +(*2 +(+1 +(.1
*(- #++(*1 #+(+* *(-. *(1+ *(2- *(21 *(3* *(3/ +(+-
*(. #,*(3, #,(3, #*(,1 *(.- *(0/ *(1, *(1- *(1- *(11
*(/ #--(,* #/(*+ #*(2/ *(,. *(/3 *(03 *(1+ *(03 *(1*

*(0 #.2(,+ #1(// #+(// *(*- *(/- *(02 *(03 *(0/ *(0+
*(1 #0/(3/ #+*(/0 #,(-1 #*(,* *(.2 *(02 *(03 *(0, *(.3
*(2 #20(., #+.(*+ #-(-* #*(.0 *(.- *(02 *(03 *(/2 *(-/
*(3 #+*3(0/ #+1(3- #.(-/ #*(1/ *(-2 *(1* *(1* *(/- *(+2
+(* #+-/(0- #,,(-, #/(/- #+(*1 *(-- *(1, *(1+ *(.2 #*(*-
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*(2 *(, #,(12 *(/* *(3+ +(*+ +(*- +(*/ +(*3 +(+2 +(.3
*(- #2(/2 #*(0/ *(.1 *(1. *(2, *(2/ *(20 *(23 +(*,
*(. #+0(,3 #,(** *(*/ *(/0 *(1+ *(1/ *(1. *(1. *(12
*(/ #,/(32 #-(/3 #*(-1 *(.. *(02 *(1- *(1, *(03 *(03
*(0 #-1(2, #/(/, #*(21 *(-+ *(0/ *(1, *(1* *(0. *(/2
*(1 #/+(2- #1(13 #+(.. *(+1 *(0- *(1- *(03 *(/3 *(.-
*(2 #02(*+ #+*(., #,(+* *(*+ *(0, *(1/ *(03 *(/- *(,/
*(3 #20(-1 #+-(-3 #,(2. #*(+0 *(0+ *(11 *(02 *(.1 *(*-
+(* #+*0(3+ #+0(1- #-(02 #*(-/ *(0+ *(13 *(02 *(-2 #*(,/

*(3 *(, #+(21 *(02 *(32 +(*- +(*/ +(*0 +(*3 +(+2 +(.3
*(- #0(1* #*(-- *(/. *(1. *(13 *(2* *(2* *(2+ *(21
*(. #+,(03 #+(,3 *(,3 *(00 *(10 *(11 *(1/ *(1. *(12
*(/ #,*(-1 #,(.2 *(** *(/3 *(1. *(1/ *(1, *(03 *(01
*(0 #,3(11 #-(3. #*(-. *(/, *(1- *(1/ *(1* *(0- *(/.
*(1 #.*(23 #/(00 #*(1- *(./ *(1. *(10 *(02 *(/0 *(-0
*(2 #/-(1. #1(0. #+(+2 *(-1 *(10 *(12 *(01 *(.2 *(+-
*(3 #02(-, #3(23 #+(03 *(,2 *(11 *(2* *(0/ *(-2 #*(+/
+(* #2.(00 #+,(., #,(,1 *(+2 *(2* *(2- *(0, *(,0 #*(.3

+(* *(, #+(+1 *(2+ +(*, +(*/ +(*/ +(*0 +(*3 +(+2 +(.2
*(- #/(*3 #*(*, *(0. *(12 *(2+ *(2+ *(2* *(2* *(20
*(. #3(2+ #*(1, *(.2 *(1. *(13 *(12 *(10 *(1. *(11
*(/ #+/(23 #+(0+ *(,3 *(1+ *(13 *(11 *(1, *(02 *(0/
*(0 #,-(-. #,(03 *(*1 *(02 *(2* *(11 *(03 *(0* *(.3
*(1 #-,(+/ #-(30 #*(+2 *(00 *(2, *(12 *(01 *(/+ *(,1
*(2 #.,(-/ #/(.. #*(.1 *(0. *(2/ *(13 *(0- *(.+ *(**
*(3 #/-(3. #1(+, #*(2* *(0+ *(22 *(2+ *(0* *(,2 #*(-.
+(* #00(3- #3(*+ #+(+1 *(/2 *(3, *(2, *(// *(+- #*(1/
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*(, *(, #+*(+0 #,(*2 #*(.- *(,. *(0, *(22 +(+* +(,3 +(.0
*(- #1(2- #+(,* *(*- *(/* *(11 *(31 +(+. +(-* +(.0
*(. #/(0, #*(/3 *(-* *(0/ *(2/ +(*+ +(+0 +(-+ +(.0
*(/ #-(30 #*(+2 *(.2 *(1. *(3* +(*. +(+2 +(-, +(.1
*(0 #,(1+ *(+, *(0* *(2* *(3. +(*0 +(+3 +(-, +(.1
*(1 #+(1/ *(-. *(1* *(2/ *(30 +(*1 +(+3 +(-, +(.1
*(2 #*(33 *(/, *(11 *(22 *(32 +(*2 +(,* +(-, +(.1
*(3 #*(-2 *(00 *(2, *(3+ *(33 +(*3 +(,* +(-- +(.1
+(* *(+- *(11 *(21 *(3- +(** +(+* +(,* +(-- +(.1

*(- *(, #,-(-- #/(+. #+(01 #*(.. *(+, *(., *(/2 *(01 *(1,
*(- #+2(.. #-(.. #*(2. *(** *(-0 *(/. *(0. *(03 *(1-
*(. #+-(0. #,(,, #*(-. *(,/ *(.3 *(0* *(01 *(1* *(1-
*(/ #+*(** #+(-1 *(** *(.+ *(/1 *(0. *(03 *(1+ *(1-
*(0 #1(,0 #*(1/ *(,. *(/, *(0, *(01 *(1* *(1, *(1-
*(1 #/(+/ #*(,3 *(.+ *(0* *(00 *(03 *(1+ *(1, *(1-
*(2 #-(.2 *(*1 *(// *(00 *(03 *(1* *(1+ *(1, *(1-
*(3 #,(+. *(-0 *(0/ *(1+ *(1, *(1, *(1, *(1, *(1-
+(* #+(*- *(0* *(1. *(1/ *(1- *(1- *(1, *(1, *(1-

*(. *(, #.,(+1 #3(.2 #-(-. #+(,- #*(-+ *(+, *(-- *(., *(..
*(- #--(02 #0(0* #+(32 #*(/- *(*/ *(-+ *(.+ *(./ *(./
*(. #,/(,. #.(/+ #+(+- #*(+- *(,/ *(.* *(.0 *(.1 *(./
*(/ #+2(2- #-(*. #*(/1 *(+- *(-1 *(.0 *(.2 *(.2 *(.0
*(0 #+-(33 #+(31 #*(+1 *(-+ *(.0 *(/* *(/* *(.2 *(.0
*(1 #+*(,1 #+(+1 *(+, *(.. *(/, *(/- *(/+ *(.3 *(.0
*(2 #1(-, #*(/. *(-/ *(/. *(/1 *(// *(/, *(.3 *(.0
*(3 #.(3. #*(*. *(/- *(0, *(0+ *(/1 *(/- *(.3 *(.0
+(* #,(32 *(-1 *(02 *(02 *(0. *(/2 *(/. *(/* *(.0

*(/ *(, #00(3/ #+/(+2 #/(.3 #,(,+ #*(2+ #*(+0 *(+. *(,0 *(,2
*(- #/-(2* #+*(11 #-(./ #+(+1 #*(,1 *(++ *(,0 *(-* *(,3
*(. #.*(00 #1(/. #,(+0 #*(/1 *(*, *(,/ *(-, *(-- *(-*
*(/ #-*(02 #/(,1 #+(-* #*(+2 *(,+ *(-- *(-0 *(-. *(-*
*(0 #,-(+/ #-(0, #*(03 *(*3 *(-- *(-3 *(-2 *(-/ *(-*
*(1 #+1(-. #,(-2 #*(,. *(,3 *(., *(.- *(.* *(-/ *(-*
*(2 #+,(1/ #+(.+ *(++ *(.. *(.3 *(.1 *(.+ *(-0 *(-*
*(3 #3(*. #*(0. *(-3 *(/0 *(// *(.3 *(.- *(-0 *(-*
+(* #/(33 *(** *(0+ *(0/ *(/3 *(/+ *(.- *(-0 *(-*
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*(0 *(, #31(3* #,,(,3 #2(+2 #-(.+ #+(-3 #*(.0 #*(*- *(+- *(+0

*(- #13(*- #+/(33 #/(,2 #+(3. #*(0. #*(*3 *(+- *(+3 *(+1

*(. #0*(+/ #++(-1 #-(.. #+(*3 #*(,- *(+* *(,+ *(,, *(+2

*(/ #./(2* #2(+- #,(,, #*(// *(*- *(,, *(,0 *(,. *(+2

*(0 #-.(31 #/(11 #+(-/ #*(+1 *(,* *(-* *(-* *(,/ *(+2

*(1 #,0(0, #-(32 #*(1+ *(++ *(-- *(-0 *(-, *(,0 *(+3

*(2 #,*(*, #,(/3 #*(,+ *(-- *(.- *(.+ *(-. *(,0 *(+3

*(3 #+.(02 #+(.2 *(+2 *(.3 *(/+ *(.. *(-/ *(,1 *(+3

+(* #+*(,3 #*(/1 *(/+ *(0- *(/1 *(.1 *(-1 *(,1 *(+3

*(1 *(, #+-/(,2 #-*(22 #++(., #.(2/ #,(*2 #*(2* #*(,+ *(*, *(*0

*(- #+*3(0. #,,(-/ #1(/* #,(22 #+(*1 #*(-+ *(** *(*3 *(*1

*(. #2-(30 #+0(*2 #/(*, #+(1- #*(/, #*(*/ *(++ *(+- *(*2

*(/ #0.(.. #++(01 #-(-0 #*(33 #*(+1 *(++ *(+2 *(+/ *(*3

*(0 #.3(1+ #2(.1 #,(+3 #*(.2 *(*0 *(,, *(,, *(+1 *(*3

*(1 #-2(-/ #0(*. #+(-+ #*(+* *(,. *(-* *(,0 *(+2 *(*3

*(2 #,3(-1 #.(+0 #*(0. *(+2 *(-1 *(-0 *(,2 *(+3 *(*3

*(3 #,,(+, #,(0/ #*(+* *(.+ *(.1 *(.* *(-* *(+3 *(*3

+(* #+0(+. #+(.+ *(-- *(0* *(// *(.. *(-, *(,* *(*3

*(2 *(, #+13(-, #.+(*+ #+/(,/ #0(// #,(22 #+(+3 #*(.+ #*(+* #*(*.

*(- #+./(20 #,3(23 #+*(+. #-(33 #+(/2 #*(// #*(+- *(** #*(*,

*(. #++,(-. #,+(1+ #0(3+ #,(/* #*(20 #*(,, *(*+ *(*/ #*(*+

*(/ #20(2/ #+/(30 #.(1/ #+(/. #*(.+ #*(*+ *(+* *(*2 *(**

*(0 #01(0, #++(12 #-(,, #*(21 #*(+* *(+- *(+0 *(+* *(**

*(1 #/,(13 #2(0, #,(*2 #*(-2 *(+, *(,- *(,* *(++ *(**

*(2 #.+(*0 #0(+0 #+(,* *(** *(,3 *(-+ *(,- *(+, *(*+

*(3 #-+(/3 #.(+3 #*(/+ *(,3 *(.- *(-1 *(,0 *(+- *(*+

+(* #,-(12 #,(/2 *(*0 *(/- *(/. *(., *(,2 *(+. *(*+

*(3 *(, #,-*(,1 #/,(1/ #+3(03 #2(/- #-(2+ #+(0- #*(0- #*(,, #*(+-

*(- #+21(3/ #-2(03 #+-(,. #/(,3 #,(+0 #*(2- #*(,2 #*(+* #*(+*

*(. #+./(/- #,2(-. #3(+/ #-(.+ #+(,0 #*(.+ #*(+* #*(*. #*(*3

*(/ #++-(,1 #,+(*1 #0(., #,(+3 #*(03 #*(+/ *(*+ *(** #*(*3

*(0 #22(3. #+/(12 #.(.2 #+(-/ #*(-* *(*- *(*3 *(*- #*(*2

*(1 #1*(+0 #++(12 #-(*. #*(1- #*(*, *(+0 *(+. *(*. #*(*2

*(2 #//(-- #2(01 #+(3- #*(,/ *(,* *(,0 *(+2 *(*0 #*(*1

*(3 #.-(-- #0(+2 #+(*/ *(+, *(-1 *(-- *(,+ *(*1 #*(*1

+(* #--(.0 #.(+. #*(-. *(., *(/* *(-3 *(,. *(*2 #*(*1

+(* *(, #,22(-3 #00(+/ #,.(11 #+*(2* #.(22 #,(+. #*(21 #*(-/ #*(,,

*(- #,-0(+. #.2(13 #+0(2+ #0(2* #,(2/ #+(+/ #*(.. #*(,* #*(+3

*(. #+2-(11 #-0(*, #++(10 #.(.1 #+(1- #*(0- #*(,, #*(+, #*(+2

*(/ #+.-(3/ #,1(*/ #2(-3 #,(32 #+(*- #*(-+ #*(*2 #*(*2 #*(+1

*(0 #++-(3+ #,*(/, #0(** #+(3- #*(// #*(*3 *(*+ #*(*. #*(+0

*(1 #3*(1- #+/(/2 #.(,- #+(+1 #*(,* *(*1 *(*2 #*(*, #*(+0

*(2 #1,(.+ #++(1. #,(20 #*(/2 *(*0 *(+3 *(+- #*(*+ #*(+0

*(3 #/1(0+ #2(00 #+(11 #*(+, *(,1 *(,2 *(+0 *(*+ #*(+/

+(* #./(., #0(+/ #*(22 *(,/ *(.. *(-0 *(,* *(*, #*(+/
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*(, *(, v,.(/0 v-(0- v*(-0 *(/3 *(3- +(*2 +(+. +(+3 +(,1

*(- v/0(1, v3(/. v,(+/ v*(*+ *(12 +(+* +(,- +(-* +(-3

*(. v+*+(2- v+1(20 v.(02 v*(21 *(/, +(*3 +(-, +(.+ +(.2

*(/ v+/3(3+ v,2(/3 v1(32 v,(*, *(+1 +(*/ +(.* +(/+ +(/+

*(0 v,-*(2- v.+(02 v++(32 v-(-3 v*(,. +(*- +(/- +(00 +(0+

*(1 v-+.(/0 v/1(+* v+0(02 v.(32 v*(03 +(*. +(1+ +(3* +(2,

*(2 v.++(+2 v1.(3* v,,(+* v0(2, v+(,+ +(*. +(3, ,(+0 ,(*/

*(3 v/,*(03 v3/(*2 v,2(,/ v2(3* v+(2+ +(*. ,(+/ ,(./ ,(-+

+(* v0.-(*3 v++1(0- v-/(+, v++(,. v,(.1 +(*. ,(.+ ,(12 ,(/2

*(- *(, v+.(*/ v+(// *(-0 *(23 +(*2 +(+0 +(+3 +(,- +(-.

*(- v--(+2 v.(3+ v*(/2 *(0. +(*1 +(,- +(-* +(-. +(..

*(. v0*(*3 v3(02 v+(3. *(,. +(** +(,3 +(-3 +(., +(.1

*(/ v3.(2* v+/(23 v-(1. v*(-- *(21 +(-, +(.0 +(.0 +(-2

*(0 v+-0(31 v,-(-- v/(2. v*(3, *(2+ +(./ +(0/ +(00 +(/-

*(1 v+20(2+ v-,(+. v2(-, v+(0, *(1. +(0+ +(22 +(22 +(1*

*(2 v,..(-- v.,(-* v++(+3 v,(.- *(0/ +(12 ,(+. ,(+- +(22

*(3 v-*3(/. v/-(2, v+.(.. v-(-/ *(/. +(32 ,(., ,(.+ ,(*2

+(* v-2,(.- v00(1* v+2(*2 v.(-3 *(., ,(+3 ,(1. ,(1, ,(,3

*(. *(, v2(3/ v*(/. *(1+ +(*. +(+/ +(,* +(,, +(,0 +(.*

*(- v,+(2, v,(1* *(+0 *(3. +(+3 +(,3 +(-, +(-/ +(.1

*(. v-3(33 v/(2+ v*(01 *(1- +(+3 +(-/ +(-3 +(-3 +(.+

*(/ v0-(-1 v3(2, v+(1/ *(./ +(+2 +(., +(.1 +(.- +(-,

*(0 v3+(1, v+.(/3 v,(31 *(,* +(,0 +(0* +(01 +(0* +(.-

*(1 v+,/(,- v,*(,. v.(.+ v*(+* +(-. +(2+ +(3* +(2+ +(/0

*(2 v+0-(3+ v,0(11 v0(*3 v*(./ +(.- ,(*. ,(+0 ,(*- +(03

*(3 v,*1(10 v-.(+1 v1(33 v*(2/ +(/- ,(-* ,(.. ,(,2 +(2,

+(* v,/0(13 v.,(./ v+*(+, v+(-* +(0- ,(/2 ,(1/ ,(/. +(3/

*(/ *(, v0(*- *(*. *(3+ +(+- +(,* +(,, +(,. +(,3 +(..

*(- v+/(-/ v+(.0 *(/0 +(*3 +(,/ +(-* +(-, +(-/ +(.0

*(. v,2(/3 v-(01 v*(*+ *(30 +(,0 +(-. +(-/ +(-, +(,3

*(/ v./(./ v0(., v*(00 *(2/ +(-- +(./ +(./ +(-2 +(,.

*(0 v0/(3, v3(1* v+(.+ *(12 +(.0 +(0. +(0- +(/- +(-,

*(1 v3*(+, v+-(/2 v,(,3 *(03 +(0+ +(20 +(2/ +(1* +(-3

*(2 v++2(*1 v+2(*1 v-(-, *(/1 +(12 ,(++ ,(*3 +(23 +(.0

*(3 v+.3(1/ v,-(+2 v.(.3 *(.- +(30 ,(-2 ,(-/ ,(*3 +(/-

+(* v+2/(+3 v,2(23 v/(2+ *(,1 ,(+0 ,(01 ,(0- ,(-+ +(/1

*(0 *(, v.(,* *(-3 +(*- +(+2 +(,, +(,. +(,0 +(-* +(.1

*(- v++(-- v*(1, *(13 +(+0 +(,1 +(-* +(-+ +(-- +(.-

*(. v,+(/1 v,(., *(-/ +(*/ +(,/ +(,3 +(,1 +(,, +(+,

*(/ v-.(,3 v.(-/ v*(*- +(*1 +(-2 +(.. +(.+ +(-, +(+0

*(0 v.3(2/ v0(1- v*(/* +(*2 +(/. +(0- +(/1 +(./ +(+3

*(1 v02(,0 v3(// v+(*0 +(*3 +(1+ +(2- +(10 +(/2 +(,+

*(2 v23(/, v+,(2+ v+(1, +(+* +(3+ ,(*1 +(31 +(1- +(,,

*(3 v++-(0. v+0(/, v,(.1 +(+* ,(+, ,(-, ,(,* +(22 +(,+

+(* v+.*(0, v,*(02 v-(-- +(*3 ,(-/ ,(0* ,(.. ,(*- +(+0
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*(1 *(, v-(** *(0, +(+* +(,+ +(,- +(,. +(,0 +(-+ +(.3

*(- v2(1. v*(,1 *(3+ +(+3 +(,0 +(,1 +(,1 +(,2 +(-0

*(. v+0(3* v+(/3 *(/2 +(++ +(,/ +(,1 +(,. +(+2 +(*0

*(/ v,0(33 v-(*0 *(-- +(+1 +(-2 +(.+ +(-0 +(,0 +(*0

*(0 v-3(-/ v.(20 *(*, +(,, +(/. +(/1 +(/* +(-/ +(*/

*(1 v/-(31 v1(*+ v*(-/ +(,3 +(1, +(10 +(0/ +(./ +(*,

*(2 v1*(21 v3(/* v*(13 +(-/ +(3+ +(31 +(2, +(/. *(30

*(3 v3*(*. v+,(-. v+(-+ +(.+ ,(+, ,(+3 ,(** +(0. *(20

+(* v+++(/* v+/(/- v+(23 +(.0 ,(-. ,(.- ,(+3 +(1- *(1,

*(2 *(, v,(,* *(10 +(+. +(,, +(,. +(,. +(,0 +(-+ +(.3

*(- v1(*. v*(*+ *(3/ +(+2 +(,- +(,- +(,- +(,, +(,1

*(. v+-(11 v+(*0 *(1+ +(+- +(,. +(,. +(,* +(+- +(**

*(/ v,,(++ v,(,. *(/. +(,* +(-0 +(-0 +(-* +(+3 *(31

*(0 v-,(-- v-(03 *(-+ +(,1 +(/* +(/* +(.+ +(,/ *(3*

*(1 v..(., v/(.+ *(*. +(-. +(00 +(0/ +(/- +(-* *(2+

*(2 v/2(.* v1(., v*(,3 +(., +(2- +(2- +(0/ +(-/ *(01

*(3 v1.(,2 v3(1, v*(01 +(.3 ,(*+ ,(*+ +(12 +(-2 *(.3

+(* v3,(*0 v+,(-* v+(+, +(/0 ,(,+ ,(,* +(3, +(.* *(,.

*(3 *(, v+(01 *(2/ +(+0 +(,, +(,- +(,. +(,/ +(-* +(.2

*(- v/(3/ *(+, *(3/ +(+. +(+2 +(+2 +(+0 +(+/ +(+.

*(. v++(02 v*(1. *(11 +(+, +(,* +(,* +(+0 +(*2 *(3-

*(/ v+2(2/ v+(1. *(0- +(+2 +(-+ +(-* +(,- +(++ *(20

*(0 v,1(0- v,(32 *(.. +(,. +(., +(.+ +(-+ +(+- *(1/

*(1 v-2(*. v.(./ *(,+ +(-* +(// +(/- +(-3 +(+. *(/2

*(2 v/*(*1 v0(+1 v*(*1 +(-0 +(03 +(00 +(.1 +(+- *(-1

*(3 v0-(1/ v2(+. v*(.* +(., +(2- +(13 +(/. +(++ *(*3

+(* v13(*2 v+*(-0 v*(13 +(.0 +(32 +(3, +(0+ +(*0 v*(,0

+(* *(, v+(-- *(23 +(+0 +(,+ +(,, +(,, +(,. +(,3 +(.0

*(- v/(-* *(+/ *(3* +(*2 +(++ +(++ +(*3 +(*0 *(33

*(. v+*(-+ v*(/1 *(12 +(*3 +(+0 +(+/ +(++ +(*- *(20

*(/ v+0(1+ v+(.1 *(0. +(+- +(,. +(,, +(+/ +(*- *(1.

*(0 v,.(/0 v,(/3 *(.0 +(+1 +(-, +(-* +(,* +(*+ *(/1

*(1 v--(21 v-(3- *(,- +(,* +(.+ +(-2 +(,. *(31 *(-.

*(2 v..(0. v/(.3 v*(*/ +(,, +(/+ +(.0 +(,1 *(3+ *(*/

*(3 v/0(23 v1(,3 v*(-2 +(,. +(/3 +(/. +(,2 *(2, v*(--

+(* v1*(0, v3(-, v*(11 +(,. +(02 +(0+ +(,2 *(03 v*(2*
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*(, *(, +2(++ -(., +(0, +(++ *(3* *(2* *(1. *(1* *(02

*(- +,(01 ,(13 +(./ +(*. *(21 *(12 *(1- *(1* *(02

*(. 3(32 ,(.1 +(-0 +(*+ *(2/ *(11 *(1, *(03 *(01

*(/ 2(-3 ,(,1 +(-* *(32 *(2. *(10 *(1, *(03 *(01

*(0 1(-. ,(+- +(,0 *(30 *(2- *(10 *(1, *(03 *(01

*(1 0(0+ ,(*, +(,, *(3/ *(2, *(1/ *(1+ *(03 *(01

*(2 0(*2 +(3. +(+3 *(3- *(2+ *(1/ *(1+ *(02 *(01

*(3 /(02 +(21 +(+1 *(3, *(2* *(1. *(1* *(02 *(00

+(* .(// +(0+ +(*/ *(20 *(10 *(1+ *(02 *(00 *(0/

*(- *(, ..(-- 1(+3 ,(2* +(/1 +(*2 *(2. *(1+ *(0- *(/1

*(- ,3(,. /(.0 ,(-- +(.* +(** *(2* *(03 *(0, *(/1

*(. ,+(22 .(/3 ,(*3 +(-* *(30 *(12 *(01 *(0+ *(/0

*(/ +1(0, .(*0 +(3- +(,. *(3, *(10 *(00 *(0* *(/0

*(0 +.(3* -(1+ +(2, +(+3 *(3* *(1. *(0/ *(/3 *(//

*(1 +-(*0 -(./ +(1. +(+/ *(22 *(1- *(0. *(/3 *(//

*(2 ++(12 -(,0 +(01 +(+, *(20 *(1, *(0- *(/2 *(/.

*(3 3(*, ,(0. +(.+ *(31 *(11 *(00 *(/3 *(/. *(/+

+(* 2(-0 ,(/, +(-0 *(3/ *(1/ *(0/ *(/2 *(/. *(/+
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*(. *(, 12(33 +,(,/ .(., ,(,0 +(-3 *(31 *(1. *(0* *(/*

*(- /*(+. 2(30 -(/. +(3, +(,. *(3* *(1* *(/1 *(.3

*(. -0(,0 1(-, -(*2 +(1. +(+0 *(2/ *(01 *(/0 *(.2

*(/ ,2(-2 0(-/ ,(2* +(0- +(+* *(2, *(0/ *(/. *(.1

*(0 ,-(/* /(1, ,(0+ +(/. +(*/ *(13 *(0- *(/- *(.0

*(1 ,*(-, /(,1 ,(.0 +(.1 +(*, *(11 *(0, *(/, *(./

*(2 +.(3. .(+- +(32 +(,+ *(2/ *(0/ *(/- *(.0 *(.*

*(3 +-(// -(22 +(23 +(+0 *(2, *(0- *(/, *(./ *(-3

+(* +,(00 -(03 +(2* +(+, *(13 *(0, *(/+ *(.. *(-3

*(/ *(, ++.(1- +1(10 0(,1 -(*1 +(13 +(+0 *(2+ *(0* *(.0

*(- 1*(/0 +,(1+ .(3, ,(/0 +(/0 +(*/ *(1/ *(/0 *(..

*(. .3(02 +*(,. .(,- ,(,3 +(.- *(32 *(1+ *(/. *(.,

*(/ -2(+, 2(2+ -(2+ ,(++ +(-. *(3- *(02 *(/, *(.+

*(0 -+(,- 1(3* -(/- +(33 +(,1 *(22 *(0/ *(/* *(-3

*(1 ,+(21 0(** ,(1/ +(/1 +(*+ *(1+ *(/, *(.* *(-,

*(2 +3(-* /(/1 ,(/3 +(.3 *(30 *(01 *(/* *(-2 *(-*

*(3 +1(2. /(,1 ,(.0 +(., *(3, *(0/ *(.2 *(-1 *(,3

+(* +1(+0 /(*/ ,(-0 +(-0 *(22 *(0, *(.0 *(-/ *(,2

*(0 *(, +.,(-, ,,(0. 2(*0 -(3+ ,(,- +(-3 *(3, *(0- *(..

*(- 2.(23 +0(*/ 0(,2 -(,. +(3, +(,- *(2- *(/2 *(.+

*(. /2(.- +,(3* /(-3 ,(22 +(1/ +(+. *(12 *(// *(-3

*(/ ..(-. ++(+- .(20 ,(00 +(0- +(*1 *(1. *(/, *(-1

*(0 ,3(*0 2(,* -(03 ,(*. +(,/ *(2+ *(// *(-2 *(,0

*(1 ,.(1+ 1(/+ -(.. +(3+ +(+2 *(11 *(/, *(-/ *(,.

*(2 ,,(/0 1(*0 -(,0 +(2+ +(++ *(1, *(.2 *(-- *(,,

*(3 ,+(23 0(12 -(+, +(1- +(*0 *(02 *(./ *(-* *(,*

+(* ,,(,. 0(0+ -(** +(0/ +(** *(0/ *(.- *(,2 *(+2

*(1 *(, +/,(-, ,/(2, 3(.2 .(00 ,(0/ +(0- +(*. *(02 *(..

*(- 21(2/ +2(-2 1(.0 -(22 ,(,3 +(.. *(3. *(0, *(.*

*(. /3(-. +.(3, 0(.1 -(.2 ,(*3 +(-- *(21 *(/2 *(-1

*(/ -/(+2 +*(/0 .(12 ,(0* +(// *(31 *(0, *(-2 *(,,

*(0 ,2(,0 3(/+ .(.+ ,(., +(./ *(3* *(/1 *(-/ *(+3

*(1 ,/(./ 2(3+ .(+0 ,(,2 +(-0 *(2/ *(/- *(-, *(+1

*(2 ,/(,+ 2(0* -(33 ,(+2 +(,3 *(13 *(.3 *(,2 *(+.

*(3 ,0(02 2(.2 -(20 ,(*2 +(,, *(1. *(./ *(,/ *(+,

+(* ,3(-. 2(.3 -(11 ,(*+ +(+0 *(1* *(.+ *(,, *(+*

*(2 *(, +-0(1. ,0(-2 +*(-* /(,, -(*+ +(2/ +(+1 *(1. *(./

*(- 1/(/, +3(,* 2(-, .(./ ,(0. +(00 +(*0 *(01 *(.+

*(. -1(// +,(13 /(3, -(,- +(3+ +(+1 *(1, *(., *(,+

*(/ ,1(,/ ++(,2 /(.+ ,(32 +(11 +(*2 *(00 *(-1 *(+2

*(0 ,.(,- +*(/1 /(+* ,(2+ +(00 +(*+ *(0* *(-- *(+.

*(1 ,/(-0 +*(-, .(3+ ,(03 +(/1 *(3. *(// *(,3 *(++

*(2 ,3(*3 +*(-1 .(2* ,(/3 +(/* *(22 *(/* *(,/ *(*2

*(3 -.(// +*(0* .(1. ,(/* +(., *(2, *(.0 *(,+ *(*/

+(* .+(,- +*(32 .(1+ ,(.- +(-0 *(11 *(.+ *(+2 *(*+

*(3 *(, 3*(1* ,-(1- +*(-. /(/. -(,2 ,(*/ +(-* *(2+ *(.1

*(- ,3(3- +.(,* 0(3/ -(20 ,(-* +(.+ *(2/ *(.2 *(,,

*(. +0(,1 +,(,+ 0(,2 -(// ,(+, +(,3 *(11 *(., *(+2

*(/ +.(2* ++(/2 /(30 -(-/ +(33 +(,* *(1* *(-1 *(+.

*(0 +3(.- ++(0, /(2+ -(,- +(23 +(+- *(0. *(-, *(+*

*(1 ,1(// +,(*0 /(11 -(+. +(2+ +(*0 *(/3 *(,1 *(*0

*(2 -1(2. +,(1- /(13 -(*1 +(1. *(33 *(/- *(,- *(*,

*(3 .3(/3 +-(/1 /(2/ -(*+ +(01 *(3- *(.2 *(+2 v*(*,

+(* 0,(-/ +.(/, /(3. ,(31 +(0+ *(21 *(., *(+. v*(*0

+(* *(, v0(.* +,(1* 1(-, .(-+ ,(0. +(0. +(** *(/0 *(,/

*(- v+1(-/ +*(3* 0(00 -(31 ,(.. +(/+ *(3* *(.3 *(,*

*(. v++(*/ ++(*, 0(/* -(2, ,(-, +(.+ *(2- *(.- *(+/

*(/ ,(+/ ++(3+ 0(/. -(1. ,(,- +(-- *(10 *(-2 *(+*

*(0 +2(2* +-(+2 0(01 -(1* ,(+0 +(,0 *(1* *(-, *(*0

*(1 -1(., +.(01 0(20 -(02 ,(*3 +(+3 *(0- *(,0 *(*+

*(2 /1(,1 +0(-* 1(*3 -(01 ,(*- +(+, *(/1 *(,+ v*(*.

*(3 11(3/ +2(*, 1(-/ -(00 +(31 +(*0 *(/+ *(+/ v*(*3

+(* 33(,* +3(2* 1(0+ -(01 +(3, +(** *(./ *(+* v*(+.

<;.m,!JWW%!(3!4!ad!5!+.)!__%!9a`hWdY[`Y!"'=<A8<B54#

Aung Myat Thu Applied HVAC in Marine & Offshore Volume 1

myat.thu
Line




<;.m,!JWW%!(3!6!+.)!__%!9a`hWdY[`Y!"'=<A8<B54#

&@(&3 &2(&3

'2LS^gWe

-2(-3

)'* )'+ )', )'- )'. )'/ )'0 )'1 )'2

*(, *(, v,0(*2 v.(+3 v*(1* *(-- *(1+ *(21 *(3- *(3/ *(3-

*(- v/3(1+ v+*(/- v,(1, v*(.- *(.- *(12 *(3+ *(3/ *(3+

*(. v+*0(12 v+3(-3 v/(/- v+(.0 *(*/ *(01 *(3+ *(31 *(3+

*(/ v+01(-0 v-*(11 v3(+, v,(12 v*(., *(// *(3- +(*, *(3-

*(0 v,.+(/* v..(02 v+-(/* v.(-1 v*(31 *(., *(30 +(+* *(32

*(1 v-,3(,/ v0+(+/ v+2(02 v0(,/ v+(0, *(,1 +(*, +(,+ +(*0

*(2 v.-*(01 v2*(+2 v,.(01 v2(., v,(-1 *(+* +(*3 +(-/ +(+1

*(3 v/./(2+ v+*+(12 v-+(.1 v+*(23 v-(,, v*(*2 +(+1 +(/, +(-+

+(* v01.(1, v+,/(32 v-3(*2 v+-(0. v.(+1 v*(,2 +(,2 +(1, +(.2

*(- *(, v+/(/* v,(+0 v*(*. *(/2 *(2+ *(3* *(3- *(3. *(3+

*(- v-/(10 v/(3* v+(,* *(+0 *(00 *(2/ *(3, *(3, *(22

*(. v0.(*3 v++(*3 v,(12 v*(-2 *(.2 *(2, *(3- *(3. *(20

*(/ v+**(/. v+1(1- v.(12 v+(*0 *(,3 *(2* *(31 *(32 *(21

*(0 v+./(+0 v,/(2/ v1(,+ v+(20 *(*0 *(2* +(*/ +(*/ *(3*

*(1 v+32(*+ v-/(.0 v+*(*2 v,(2+ v*(+3 *(2, +(+/ +(+0 *(30

*(2 v,/3(+- v.0(/0 v+-(-3 v-(23 v*(.1 *(2/ +(,2 +(-* +(*/

*(3 v-,2(/3 v/3(+2 v+1(+/ v/(++ v*(12 *(23 +(.. +(.1 +(+1

+(* v.*0(.. v1-(-- v,+(-1 v0(.2 v+(+, *(3. +(0- +(02 +(-,

*(. *(, v+*(-+ v+(+2 *(,0 *(03 *(2. *(3+ *(3- *(3- *(3*

*(- v,-(30 v-(0/ v*(.2 *(.- *(1/ *(22 *(3+ *(3+ *(20

*(. v.,(32 v1(*- v+(.0 *(++ *(01 *(21 *(3- *(3+ *(2.

*(/ v01(.. v++(-/ v,(03 v*(,0 *(/3 *(3* *(31 *(3. *(2.

*(0 v31(-3 v+0(0* v.(+1 v*(03 *(/, *(3/ +(*0 +(*+ *(21

*(1 v+-,(22 v,,(2+ v/(3+ v+(+1 *(.0 +(*- +(+1 +(++ *(3,

*(2 v+1-(30 v,3(33 v1(3* v+(1- *(.* +(+/ +(-- +(,. +(**

*(3 v,,*(03 v-2(+/ v+*(+0 v,(-/ *(-/ +(,3 +(/+ +(.* +(++

+(* v,1-(+, v.1(-+ v+,(1* v-(*. *(,3 +(./ +(1. +(0+ +(,0

*(/ *(, v1(,0 v*(0, *(.- *(1/ *(20 *(3+ *(3- *(3- *(3*

*(- v+0(33 v,(-/ v*(*1 *(/1 *(2* *(23 *(3+ *(3* *(21

*(. v-*(.3 v.(01 v*(1, *(-2 *(10 *(23 *(3, *(3* *(2/

*(/ v.1(2, v1(0+ v+(/* *(+3 *(1/ *(3- *(31 *(3- *(2/

*(0 v03(*- v++(+1 v,(., v*(*- *(10 +(*+ +(*/ *(32 *(22

*(1 v3.(+1 v+/(-1 v-(.3 v*(,0 *(2* +(+- +(+1 +(*1 *(3-

*(2 v+,-(-* v,*(,, v.(1+ v*(/* *(21 +(,3 +(-- +(,* +(*,

*(3 v+/0(.2 v,/(1- v0(*3 v*(11 *(30 +(.2 +(/- +(-0 +(+-

+(* v+3-(1. v-+(3, v1(0- v+(*1 +(*0 +(1+ +(11 +(/0 +(,2

*(0 *(, v/(,2 v*(,1 *(/. *(12 *(22 *(3+ *(3- *(3- *(3+

*(- v+,(.- v+(/+ *(+2 *(00 *(2- *(23 *(3+ *(3+ *(23

*(. v,,(,3 v-(+/ v*(,/ *(// *(2, *(3* *(3, *(3+ *(22

*(/ v-.(3, v/(+3 v*(1. *(.0 *(2. *(3/ *(30 *(3- *(23

*(0 v/*(-/ v1(0. v+(-* *(-2 *(3+ +(*/ +(*. *(32 *(3-

*(1 v02(00 v+*(/, v+(3. *(-, +(*+ +(+2 +(+0 +(*1 *(33

*(2 v23(23 v+-(2- v,(0/ *(,0 +(+/ +(-0 +(-- +(+3 +(*2

*(3 v++.(*3 v+1(0+ v-(.0 *(,, +(-, +(/3 +(/- +(-/ +(,+

+(* v+.+(-- v,+(2. v.(-/ *(+2 +(/. +(2/ +(11 +(/. +(-1

*(1 *(, v-(3* v*(*- *(0+ *(2+ *(23 *(3, *(3. *(3. *(3-

*(- v3(,/ v*(3. *(-/ *(1, *(2/ *(3* *(3, *(3, *(3,

*(. v+0(/. v,(+* *(*1 *(00 *(2/ *(3+ *(3- *(3, *(3,

*(/ v,/(2/ v-(/+ v*(,, *(0. *(3* *(31 *(31 *(3. *(3/

*(0 v-1(,+ v/(+2 v*(/. *(0/ +(** +(*1 +(*/ +(** +(**

*(1 v/*(02 v1(+- v*(21 *(1* +(+. +(,, +(+1 +(*2 +(*2

*(2 v00(-+ v3(-1 v+(,. *(12 +(-- +(.+ +(-- +(,+ +(,*

*(3 v2.(+1 v++(3, v+(0. *(23 +(/0 +(0/ +(/- +(-0 +(-.

+(* v+*.(,3 v+.(12 v,(*3 +(*- +(2. +(3. +(12 +(/0 +(/,

*(2 *(, v,(3* *(+/ *(01 *(2- *(3* *(3- *(3. *(3/ *(30

*(- v0(3+ v*(/- *(.1 *(10 *(21 *(3+ *(3- *(3. *(30

*(. v+,(-+ v+(-. *(-* *(1. *(22 *(3- *(3. *(3/ *(32

*(/ v+3(+0 v,(,3 *(+/ *(11 *(3. *(33 *(32 *(32 +(*-

*(0 v,1(/* v-(-3 *(*+ *(2. +(*0 +(*3 +(*0 +(*- +(++

*(1 v-1(-2 v.(00 v*(++ *(31 +(,- +(,. +(+2 +(+, +(,+

*(2 v.2(21 v0(++ v*(,, +(+/ +(.0 +(./ +(-/ +(,/ +(-/

*(3 v0,(*+ v1(1/ v*(-- +(-1 +(1- +(1* +(// +(.+ +(/,

+(* v10(2/ v3(/3 v*(.. +(0- ,(*0 ,(** +(2* +(0+ +(1-
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*(3 *(, v,(+. *(,2 *(1+ *(2/ *(3+ *(3. *(30 *(31 *(33

*(- v/(+. v*(,+ *(/1 *(2* *(22 *(3, *(3/ *(31 +(*,

*(. v3(*3 v*(10 *(.1 *(2* *(3+ *(3. *(30 *(32 +(*0

*(/ v+.(*0 v+(-0 *(., *(20 *(32 +(*+ +(*+ +(*, +(+.

*(0 v,*(*2 v,(*. *(., *(33 +(++ +(+, +(*3 +(*3 +(,.

*(1 v,1(,+ v,(13 *(.1 +(+1 +(-* +(,1 +(,+ +(+3 +(-2

*(2 v-/(/* v-(0- *(// +(., +(// +(.3 +(-2 +(-, +(//

*(3 v./(*+ v.(/1 *(00 +(1, +(20 +(1/ +(/3 +(.3 +(1/

+(* v//(13 v/(0. *(2* ,(*2 ,(,, ,(*0 +(2. +(03 +(33

+(* *(, v+(/. *(-3 *(1. *(21 *(3, *(3/ *(31 *(33 +(*-

*(- v-(1/ *(*- *(0. *(2- *(3* *(3. *(31 +(** +(*2

*(. v0(/1 v*(-, *(0+ *(2/ *(3- *(31 *(33 +(*- +(+0

*(/ v+*(*/ v*(0/ *(0. *(3. +(*, +(*- +(*. +(*2 +(,0

*(0 v+.(,. v*(32 *(1. +(+* +(+0 +(+/ +(+- +(+0 +(.*

*(1 v+3(,* v+(-, *(3+ +(-- +(-1 +(-+ +(,0 +(,1 +(/1

*(2 v,.(32 v+(03 +(+. +(0- +(0- +(/- +(.- +(.+ +(12

*(3 v-+(0, v,(+* +(., ,(** +(30 +(2* +(0. +(/3 ,(*,

+(* v-3(+3 v,(// +(10 ,(.- ,(-/ ,(+, +(3* +(2+ ,(-*
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*(, *(, ,*(.- -(,2 +(./ *(32 *(2+ *(1- *(03 *(00 *(0.

*(- +,(/- ,(.* +(,, *(3* *(11 *(1+ *(02 *(00 *(0.

*(. 2(12 +(32 +(+, *(20 *(10 *(1* *(01 *(00 *(0.

*(/ 0(03 +(1/ +(*0 *(2. *(1/ *(1* *(01 *(0/ *(0.

*(0 /(.- +(0+ +(*, *(2- *(1. *(1* *(01 *(0/ *(0.

*(1 .(0. +(/, +(** *(2, *(1. *(1* *(01 *(0/ *(0.

*(2 .(+/ +(.1 *(32 *(2+ *(1. *(03 *(01 *(0/ *(0.

*(3 -(20 +(.- *(31 *(2+ *(1. *(03 *(01 *(0/ *(0.

+(* -(1+ +(., *(31 *(2+ *(1- *(03 *(01 *(0/ *(0.

*(- *(, /+(,. 1(++ ,(.3 +(-- *(3* *(1* *(0* *(/. *(/*

*(- ,3(/1 .(1* +(21 +(+* *(2* *(00 *(/2 *(/- *(/*

*(. +3(.* -(/1 +(/2 +(** *(10 *(0. *(/1 *(/, *(/*

*(/ +-(2. ,(30 +(., *(3. *(1- *(0, *(/0 *(/, *(/*

*(0 +*(/2 ,(/3 +(-, *(3* *(1, *(0, *(/0 *(/, *(.3

*(1 2(0. ,(-2 +(,1 *(22 *(1+ *(0+ *(/0 *(/, *(.3

*(2 1(/, ,(,/ +(,- *(21 *(1* *(0+ *(/0 *(/, *(.3

*(3 0(3/ ,(+3 +(,, *(21 *(1* *(0+ *(/0 *(/, *(.3

+(* 0(10 ,(+1 +(,+ *(20 *(1* *(0+ *(// *(/, *(.3

*(. *(, 3*(-* +,(+* -(3+ +(2/ +(*2 *(1. *(// *(./ *(-2

*(- .3(02 1(/3 ,(1. +(., *(3* *(0/ *(/+ *(.- *(-1

*(. -*(30 /(/+ ,(,+ +(,- *(2, *(0+ *(.3 *(., *(-1

*(/ ,+(** .(.* +(3, +(+- *(12 *(/3 *(.2 *(., *(-1

*(0 +/(.- -(12 +(10 +(*1 *(1/ *(/2 *(.2 *(.+ *(-1

*(1 +,(-0 -(.. +(01 +(*. *(1. *(/1 *(.2 *(.+ *(-1

*(2 +*(20 -(,1 +(0- +(*, *(1- *(/1 *(.1 *(.+ *(-1

*(3 +*(.* -(,, +(0+ +(*+ *(1- *(/1 *(.1 *(.+ *(-1

+(* +*(01 -(,/ +(0, +(*, *(1- *(/1 *(.1 *(.+ *(-1

*(/ *(, +,0(-0 +0(33 /(-3 ,(., +(-, *(2+ *(/. *(-2 *(,2

*(- 0/(3. +*(,2 -(0/ +(13 +(*/ *(02 *(.2 *(-/ *(,1

*(. -2(2. 1(,1 ,(21 +(/+ *(3- *(0- *(./ *(-. *(,1

*(/ ,/(*1 /(1. ,(.1 +(-1 *(21 *(0* *(.. *(-- *(,0

*(0 +1(32 .(3/ ,(,1 +(,3 *(2. *(/2 *(.- *(-- *(,0

*(1 +.(03 .(/2 ,(+1 +(,0 *(2, *(/2 *(.- *(-- *(,0

*(2 +-(12 .(.2 ,(+/ +(,/ *(2, *(/1 *(.- *(-- *(,0

*(3 +.(./ .(/0 ,(+1 +(,0 *(2, *(/2 *(.- *(-- *(,0

+(* +0(,. .(10 ,(,, +(,2 *(2- *(/2 *(.- *(-- *(,0
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*(0 *(, +.0(,, ,*(-, 0(/. ,(3, +(/. *(23 *(/. *(-- *(,*

*(- 1*(3- ++(3/ .(-1 ,(+- +(,* *(1- *(.0 *(-* *(+2

*(. -2(00 2(-1 -(.. +(2* +(*0 *(01 *(.- *(,2 *(+2

*(/ ,-(0+ 0(1* -(** +(0. *(33 *(0. *(., *(,2 *(+2
*(0 +1(+1 /(32 ,(2, +(/1 *(31 *(0, *(.+ *(,1 *(+2

*(1 +/(0. /(2+ ,(11 +(/0 *(30 *(0, *(.+ *(,1 *(+2

*(2 +1(+3 /(32 ,(2, +(/1 *(31 *(0, *(.+ *(,1 *(+2
*(3 ,*(13 0(-2 ,(3, +(0+ *(32 *(0- *(., *(,1 *(+2

+(* ,/(2, 0(3. -(*1 +(00 +(** *(0. *(., *(,2 *(+2

*(1 *(, +-1(12 ,*(1. 1(*+ -(,+ +(1* *(30 *(/. *(,3 *(+-
*(- /2(1. ++(30 .(1- ,(-3 +(-. *(13 *(.1 *(,0 *(+,

*(. ,1(12 2(/, -(2. ,(*0 +(,+ *(1- *(.. *(,. *(++
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Chapter 4

Ductworks

Ductworks ဆုိေတာ႔ ducting (ေလကုိ လိုခ်င္ေသာ ေနရာသိ္ု႔ သယ္ေဆာင္ေပးေသာ duct), fitting (bend, 

tee joint, coupling, reducer, transition), hanger, support စသၿဖင္႔ အားလုံးပါ၀င္သည္။ Damper ေတြ 

လည္း ပါ၀င္ ေသာ္လည္း သီးသန္႔ ေဖာ္ၿပပါမည္။  

4.1 Ducts

Duct ေတြသည္ standard အေနနဲ႔ 3m length ထုတ္လုပ္ၾကသည္။ Spiro duct အတြက္ size ေတြကေတာ႔ 

100mm, 125mm, 160mm, 200mm, 250mm, 315m, 355mm, 400 mm စသၿဖင္႔ common use 

အေနနဲ႔ ရနုိင္သည္။ Rectangular duct size ကေတာ႔ customized (ကိုယ္လုိခ်င္တဲ႔ size) အေနနဲ႔ 

ၿပဳလုပ္နုိင္သည္။ Spiro duct ေတြကုိ factory ေတြက standard အေနနဲ႔ ထုတ္လုပ္သည္။ သူက စက္ေတြႏွင္႔ 

ထုတ္လုပ္ရၿခင္း ၿဖစ္ၿပီး rectangular duct ေတြကေတာ႔ ကိုယ္႔ဟာကို galvanized sheet ၀ယ္ၿပီး 

ကုိယ္လိုခ်င္တဲ႔ ဆိုဒ္ ကို ကုိယ္႔ workshop မွာပ ဲ ရုိက္နုိင္သည္။ Oval duct ေတြလည္း ရိွေသာ္လည္း 

သိပ္အသံုးမ်ားပါ။ 

Spiro duct (circular duct)

Figure 1. Spiro Duct without Pre-insulation

Material အေနနဲ႔ galvanized steel metal ကေနၿပဳလုပ္ၿပီး thickness 0.45mm မွ 1.25mm အထိ 

standard အေနနဲ႔ ထုတ္လုပ္ၾကသည္။ Standard length ကေတာ႔ 3m ၿဖစ္သည္။ 100mm ေအာက္ size 
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ေတြရနိုင္ ေသာ္လည္း 100mm ကေတာ႔ minimum size အေနနဲ႔ သံုးၾကသည္။ Size 250mm (diameter) 

ကေန ပုိၾကီးတဲ႔ ဆိုဒ္ေတြ အတြက္ radial stiffness ပုိေကာင္းရန္အတြက္ reinforcement (stiffening 

corrugations) ထည္႔ေပးသည္။  

Spiro duct ေတြကုိ pre-insulated အေနနဲ႔လည္း ထုတ္လုပ္သည္။ Double-jacketed ၿဖစ္ၿပီး mineral wool 

ကုိ insulation အၿဖစ္သံုးထားသည္။ Pre-insulated duct ေတြကေတာ႔ supply duct ေတြအတြက္ၿဖစ္သည္။ 

Standard အေနနဲ႔ insulation thickness က 16mm ၿဖစ္သည္။ 25mm thickness အတြက္လည္း 

မွာယူနုိင္သည္။ Insulation မပါတာကုိ exhaust duct နွင္႔ return duct အတြက္သာ သုံးသည္။ တစ္ခါတစ္ရံ 

return duct ႏွင္႔ fresh air duct အတြက္လည္း Pre-insulated duct ကုိသံုးေပးရသည္။ အၿပင္ဖက္ 

(exposed to weather) တြင္ install လုပ္ထားေသာ duct ေတြကုိေတာ႔ stainless steel ကုိ အသုံးၿပဳသည္။  

Figure 2. Spiro Duct with Pre-insulation

Rectangular Duct

Duct မ်ားကို galvanized sheet ၿဖင္႔ ၿပဳလုပ္၍ thickness အေနနဲ႔ 0.8mm – 3mm စသၿဖင္႔ duct size 

ေပၚမူတည္၍  ရိွသည္။ အမ်ားဆုံး အသံုးၿပဳေသာ thickness မွာ 0.8-1.2 mm အထိသာ ၿဖစ္သည္။ 3mm 

duct ကေတာ႔ Galley ကုိၿဖတ္သြားေသာ duct ေတြတြင္သာ သုံးေလ႕ရွိသည္။  
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galvanized sheet ကိုေခါက္၍ joint ေတြတြင္ ဆီလီကြန္္ ထိုးကာ seal လုပ္ထားသည္။ Duct size ၾကီးလ်င္ 

reinforcement ပါေသာ galvanized sheet ကုိ သံုးသည္။ အၿပင္ဖက္ (exposed to weather) တြင္ install 

လုပ္ထားေသာ duct ေတြကုိေတာ႔ stainless steel ကို အသံုးၿပဳသည္။ Stainless steel duct ေတြကုိေတာ႔ 

ထိပ္နွစ္ဖက္ ကို ေခါက္ (90° bend) ၿပီး flange လုပ္သည္။  

ေအာက္ပါ ပုံ-၃ တြင္ ညာဖက္က ပုံကို duct mate ဟုေခၚသည္။ Duct mate (flange) တြင္ပါရိွေသာ 

ေၿမာင္းထသဲို႔ ဘယ္ဖက္က ေခါက္ထားေသာ ပုံးကုိ စြပ္ခ် လုိက္တာပ ဲၿဖစ္သည္။ 30mm width ကုိ 

အမ်ားဆုံးသုံးသည္။  

Figure 3. Preparation for rectangular

Figure 4. Rectangular ducts and fittings
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Acoustic Duct

Rectangular duct ကုိ အတြင္းတြင္ insulation ခံ၍ ၿပဳလုပ္သည္။ Galvanized/stainless steel perforated 

sheet ကို အတြင္းဖက္တြင္ insulation ကိုဖိထားသည္။ Perforated sheet thickness ကို 0.7mm or 1mm 

ထားကာ insulation thicness ကုိေတာ႔ လိုအပ္ခ်က္ကို လိုက္၍ 25mm or 50mm ထားေလ႔ ရိွသည္။ 

မ်ားေသာအားၿဖင္႔ AHU မွအထြက္တြင္ အနည္းဆံုး 1.2m အရွည္ေလာက္ ထား၍ တတ္ဆင္သည္။ AHU 

blower ေၾကာင္႔ ၿဖစ္ေပၚလာေသာ ဆူညံသံ ကုိ တတ္နုိင္သမွ် ေလွ်ာ႔ခ် လိုၿခင္းက အဓိက ၿဖစ္သည္။  

Figure 5. Acoustic duct

4.2 Fittings

Bend အတြက္ 90°C, 60°C, 45°C, 30°C, 15°C ထုတ္လုပ္ၾကသည္။ Fitting ေတြသည္ spiro duct 

အတြင္းသုိ႔ သြင္း၍ install လုပ္သၿဖင္႔ သူ႔ရဲ႕ diameter သည္ spiro duct diameter ထက္ 3mm ငယ္သည္။ 

Leakage မၿဖစ္ရန္အတြက္ အ၀တြင္ rubber seal ရွိသည္။ ၎ rubber seal ကုိ single ring or double ring 

ႏွင္႔ ရနုိင္သည္။ Double rubber ring သည္ tightness ပုိေကာင္းသည္႔ အတြက္ သူ႔ကုိပ ဲ အသုံးၿပဳ 

ၾကတာမ်ားသည္။ Fittings မ်ားတြင္လည္း pre-insulated မ်ားရိွသည္။  
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Figure 6a. Fittings for Spiro Duct (without pe-insulation)

Figure 6b. Fittings for Spiro Duct (with pre-insulation)
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Reducer, Tee & Transition Piece

Spiro ducts ေတြအတြက္ fitting ေတြလည္း ဆိုဒ္စုံ ရွိသည္။ Tee piece ဆုိလ်င္လည္း equal tee or 

unequal tee အကုန္ရွိသည္။ ဥပမာ အ၀င္ 200mm ႏွင္႔၀င္၍ အထြက္ ႏွစ္ဖက္တြင္ 125 ႏွင္႔ထြက္တာ ကို 

unequal tee ဟုေခၚၿခင္း ၿဖစ္သည္။ Rectangular duct အတြက္ကေတာ႔ ကုိယ္လိုခ်င္ေသာ ဆိုဒ္ကုိ 

ကုိယ္႔ဟာကုိ ၿပဳလုပ္နိုင္သည္။ Transition piece ဆုိသည္မွာ rectangular duct ႏွင္႔ circular duct ကုိ ဆက္ 

ေသာအခါ ၾကားမွာသံုးေသာ အပုိင္းကုိ ဆိုလုိသည္။  

4.3 Flexible Duct

Flexible duct ေတြကို diffusers, grilles, cabin units စတဲ႔ supply and extract devices ေတြနဲ႔ connect 

လုပ္ရာတြင္ အသုံးၿပဳသည္။ Length ကုိ 1m ထက္ပုိရွည္တာ ကုိ မသံုးသင္႔ေပ။ ေနရာ အခက္အခဲေၾကာင္႔ 

flexible duct ေတြသည္ လိမ္ေခါက္ၿပီး connect လုပ္ထားတာေတြကို ဂရုစိုက္ သင္႔သည္။ သိပ္ရွည္လ်င္ 

resistance ေၾကာင္႔ လိုအပ္ေသာ air flow မရပ ဲၿဖစ္တတ္သည္။ ၎ၿပႆနာ မၾကာခဏ ၾကံဳရသည္။   

Figure 7. Flexible connected with cabin unit
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4.4 Duct Clamp

Clamp သည္ flexible duct ႏွင္႔ fitting, flexible duct ႏွင္႔ grilles/diffuser/cabin unit စသၿဖင္႔ connect 

လုပ္ရာတြင္ သုံးသည္။ ဆက္ေသာ ေနရာတြင္ ring (clamp) ကိုပတ္၍ screw ေလးကို ၾကပ္ကာ စည္းထား 

ရသည္။ 

Figure 8. Clamp for connection
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4.5 Duct Support

Duct support အတြက္ typical drawing မ်ားကုိ ေအာက္တြင္ ေဖာ္ၿပထားသည္။ General notes မ်ားႏွင္႔ 

တြဲ၍ ၾကည္႔ပါ။  

Figure 9a. Support for rectangular duct
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Figure 9b. Support for rectangular duct
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Figure 10. Support for circular duct
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4.6 Duct Connection

Duct connection အတြက္ typical drawing မ်ားကုိ ေအာက္တြင္ ေဖာ္ၿပထားသည္။ General notes မ်ားႏွင္႔ 

တြဲ၍ ၾကည္႔ပါ။  

Figure 11. Typical duct flange details for galvanized sheet metal ductwork (Non-fire rated duct)
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Figure 12. Typical duct flange details for SS/galvanized ductwork
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Figure 13. Typical duct flange details for steel ductwork (Fire rated duct)

4.7 Penetration Piece

Duct သည္ deck, bulkhead, girder and draught stop  ကုိ ၿဖတ္သြားေသာ အခါ sheet metal ၿဖင္႔ 

ၿပဳလုပ္ထားေသာ duct ၿဖင္႔ penetrate လုပ္လို႔ မရေပ။ Steel pipe/duct ကိုသံုးၿပီး မွ deck, bulkhead, 

girder and draught stop တြင္ welding ေဆာ္၊ ၿပီးမွ sheet metal duct ကုိ အတြင္းမွ ၿဖတ္၍ ေသာ္ 

လည္းေကာင္း၊ အတြင္းမွ မၿဖတ္ပဲ flange to flange connect လုပ္ၿပီး ေသာ္ လည္းေကာင္း install 

လုပ္သည္။ Typical penetration drawing မ်ားကို ေအာက္တြင ္ ေဖာ္ၿပ ထားသည္။ General notes မ်ားနဲ႔ 

တြဲ၍ ၾကည္႔ပါ။ Fire rated duct ေတြ အတြက္ penetration ၿပီးလွ်င္ fire damper လာသည္။ Penetration 

နွင္႔ sheet metal duct ကို တန္း၍ connect မလုပ္ရေပ။ Fire integrity ေၾကာင္႔ ၿဖစ္သည္။  
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Figure 14a. Penetration for A-class division
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Figure 14b. Penetration for B-class division
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Figure 14c. Penetration with doubler for stiffened bulkhead or deck
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Figure 14c. Penetration without doubler for corrugated bulkhead
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Figure 14d. Penetration through draught stop (insulated duct)
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Figure 14e. Penetration through draught stop (un-insulated duct)
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Figure 15. Penetration through deck
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4.8 Thermal Insulation

Duct မ်ားအတြက္ fiberglass ကို thermal insulation အၿဖစ္သံုးၾကသည္။ Fiberglass ၿပဳလုပ္သည္႔ process 

သည္ အနည္းငယ္ ရွဳတ္ေထြးသၿဖင္႔ ေယဘုယ် အားၿဖင္႔ melted glass မွ ၿပဳလုပ္ထားၿခင္း ၿဖစ္သည္ ဟု 

မွတ္ယူပါ။ Glass wool blanket ဟုလည္း ေခၚသည္။ Density 10-48 kg/m3 ရွိ၍ 48 kg/m3 ကိုပဲ သံုးၾက 

သည္။ Thickness 25-100 mm ၿဖင္႔ရနုိင္၍ width 1.2m, length 15 & 30m standard အေနနဲ႔ ထုတ္သည္။ 

Figure 16. Glass wool blanket

Duct insulation အတြက္ double-sided aluminum insulation foil ၿဖင္႔တြဲ၍ သံုးရသည္။ ၎သည္ 

class ”o” fire retardant grade ၿဖစ္၍ ေကာင္းမြန္ေသာ thermal insulation capability ရွိၿခင္း၊ effective 

water vapour barrier ၿဖစ္ၿခင္း စသည္႔ အခ်က္ မ်ားေၾကာင္႔ အသုံးၿပဳရန္ သင္႔ေလ်ာ္သည္။  

Figure 17. VCD with insulation
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4.9 Minimum Insulation Thickness to Prevent Condensation

မ်က္ႏွာၿပင္ တစ္ခု၏ surface temperature သည္ ေလထုထတဲြင္ ရိွေသာ ေရေငြ႕၏ dew point 

temperature ထက္နိမ္႔ေသာ အခါ ၎ မ်က္ႏွာၿပင္ ေပၚတြင္ surface condensation ၿဖစ္ေပၚသည္။ Surface 

condensation မၿဖစ္ေပၚေစရန္ insulation thickness သည္လုံေလာက္ေသာ အထူ ရွိေနဖုိ႔ လိုအပ္ၿပီး 

insulation surface temperature သည္ dew point temperature ထက္ အၿမဲၿမင္႔ ေနရမည္။  

Temperature index coefficient (or) condensation resistance factor Ԏ သည္ surface temperature 

တြက္ခ်က္ ရာတြင္ အသံုး၀င္ေပသည္။  

߬=
௧ೞି ௧

௧ೌ ି௧
----------------Equation 4.1

Where,

ts = surface temperature on warm side of insulation

tc = temperature on cold side of insulation

ta = ambient temperature on warm side of insulation

The minimum temperature index coefficient ကုိ ေအာက္ပါ အတုိင္း တြက္ခ်က္နိုင္သည္။ 

߬  =
௧ି௧

௧ೌ ି௧
----------------Equation 4.2

Where, td = due point temperature of ambient air

For flat surfaces and insulation အတြက္ temperature index coefficient ကုိ ေအာက္ပါ အတုိင္း 

ေဖာ္ၿပသည္။  

߬=
/

ಽ

ೖ
ାଵ/

----------------Equation 4.3
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Where,

L = thickness of insulation

K = thermal conductivity of insulation

hi = surface heat transfer coefficient

The minimum insulation thickness to avoid surface condensation on a flat surface ကိုေအာက္ပါ 

အတုိင္း တြက္ခ်က္ ရမည္။ 

ܮ  =
ఛ 

ଵିఛ 




----------------Equation 4.4

The minimum insulation thickness for pipe insulation ကိုေအာက္ပါ အတုိင္း တြက္ခ်က္ ရမည္။ 

௦,ݎ  lnቀ
ೞ, 


ቁ=

ఛ 

ଵିఛ 




----------------Equation 4.5

Where,

rs,min = minimum outer radius of the insulation

ri = inner radius of the insulation



Chapter 5

Supply & Extract Devices

Supply & extract devices မ်ားတြင္ cabin units မ်ား၊ diffusers မ်ား၊ grilles မ်ား၊ nozzle မ်ား၊ punkah 

louver မ်ား ပါ၀င္သည္။    

Cabin units

Cabin units မ်ားကို cabin မ်ား၊ office မ်ား၊ wheelhouse စေသာ လူေနေသာ အခန္းမ်ားတြင္ တပ္ဆင္ေလ႔ 

ရွိသည္။ Re-heater ပါေသာ unit ႏွင္႔ Re-heater မပါေသာ unit ဟူ၍ ႏွစ္မ်ိဳး ရိွသည္။ Heater ပါေသာ ယူနစ္ 

အတြက္ standard အေနနဲ႔ 400W ႏွင္႔ 800W ႏွစ္မ်ိဳး ရနုိင္သည္။ ေယဘုယ် အားၿဖင္႔ air flow maximum 

250m3/h, 350m3/h ႏွင္႔ 450m3/h ဟူ၍ သံုးမ်ိဳး ထုတ္သည္။ ဒါထက္ ပုိမ်ားတာေတြ လည္း ရွိပါသည္။ 

Heater ပါေသာ ယူနစ္ အတြက္ central AHU မွေပးေသာ temperature သည္နိမ္႔ေနပါက လုိအပ္သလုိ 

adjust လုပ္နုိင္ရန္ အတြက္ individual thermostat ပါသည္။  

Figure 1. Cabin unit with re-heater
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Diffuser

Supply air အတြက္ အသံုးၿပဳေလ႔ ရွိသည္။ အသံုးအမ်ားဆုံး ႏွစ္မ်ိဳး ရွိသည္။ 4-way diffuser နွင္႔ double 

deflection တုိ႔ ၿဖစ္သည္။ 4-way diffuser ကေတာ႔ ceiling ေတြမွာပဲ သံုးေလ႔ ရိွသည္။ Standard material 

အေနနဲ႔ aluminum ၿဖင္႔ ၿပဳလုပ္၍ color က white power epoxy coating ၿဖစ္သည္။ SS material နွင္႔ 

လုိခ်င္ ရင္လည္း မွာလုိ႔ ရသလုိ ကုိယ္လိုခ်င္ ေသာ color (RAL color) လည္း လုပ္ခုိင္း လုိ႔ရသည္။ Size 

ကလည္း လိုခ်င္ေသာ ဆုိဒ ္ မွာနုိင္သည္။ Neck size ႏွင္႔ face size ဟူ၍ ရွိၿပီး Neck size က duct ႏွင္႔ 

connect လုပ္ရန္ ၿဖစ္ၿပီး  face size ကေတာ႔ ceiling ရ႕ဲ ေအာက္မွ ရိွေနေသာ အပိုင္း ၿဖစ္သည္။ Volume 

control damper (VCD) ပါတာလည္း ရနိုင္သလို မပါတာ လိုခ်င္လည္း ရသည္။ Air flow adjustment 

အတြက္ VCD ပါတာကုိ သုံးၾကတာ မ်ားသည္။ Commissioning လုပ္ရာ တြင္လည္း ပုိ၍ အဆင္ေၿပသည္။ 

Face velocity ကို 2.5 m/s ေလာက္ထားမည္ ဆုိလ်င္ accommodation space အတြက္ သင္႔ေလ်ာ္သည္။ 

Machinery space အတြက္ 3-4 m/s အထိ ထားနိုင္သည္။  Air throw distance, static pressure စေသာ 

ေဒတာ မ်ားကုိ catalogue မွ ဖတ္ယူ နုိင္သည္။ 

Figure 2. 4-way diffuser mounted at the ceiling
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Double deflection and single deflection

Grille type မ်ားၿဖစ္သည္။ Double deflection type တြင္ vertical ႏွင္႔ horizontal မ်ားပါ၍ လုိခ်င္ေသာ 

direction အတြက္ blade ကုိ လွည္႔၍ adjust လုပ္နိုင္သည္။ Double deflection ကုိ LQ (living quarter) 

တြင္ supply air အတြက္ သံုးေလ႔ ရွိၿပီး single deflection ကို machinery space တြင္ supply air အတြက္ 

သုံးေလ႔ ရိွသည္။ Return air အတြက္လည္း သုံးလိုက သံုးနုိင္သည္။ Grille ေတြ အတြက္ လည္း VCD နွင္႔ 

ရနုိင္သည္။ Material, color, size, air velocity စသည္ မ်ားသည္ အထက္တြင္ ေဖာ္ၿပ ထားသည္႔ အတိုင္း 

ၿဖစ္သည္။ 

Figure 3a. Double deflection grille Figure 3b. Double deflection grille with VCD

Figure 3c. Grille with box Figure 3d. Grille on the duct
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ပံု 3b တြင္ ပါေသာ အမည္းေရာင္ မွာ VCD ၿဖစ္သည္။ Blade ကုိ adjust လုပ္ရန္ အတြက္ grille ရ႕ဲ 

ေအာက္ကေန ၾကည္႔လ်င္ ေထာင္႔နားေလးတြင္ screw ေလးရွိသည္။ ေအာက္ကေန screw driver ႏွင္႔ ထုိး၍ 

လွည္႔ရသည္။  ပုံ 3c တြင္ ပါေသာ အမည္းေရာင္ပံုးမွာ duct နွင္႔ connect လုပ္ရန္ အတြက္ ၿဖစ္သည္။ ပုံ 

3d ကေတာ႔ supply duct ေကာ grille ပါ Insulation ပတ္ထားေသာ ပုံၿဖစ္သည္။   

Egg-crate type grille

၎ grille အမ်ိဳးအစားကို return (သို႔) exhaust air အတြက္ သံုးသည္။ ၾကက္ဥ ထည္႔ေသာ ကဒ္ ကဲ႔သုိ႔ ၿဖစ္ 

ေနေသာေၾကာင္႔ egg-crate type ဟုေခၚၿခင္း ၿဖစ္သည္။ သူလ ဲ VCD ႏွင္႔ မွာနိုင္သည္။ Air flow direction 

ေတာ႔ ေၿပာင္းလို႔ မရေပ။ VCD ပါလ်င္ေတာ႔ air flow amount ကုိ adjust လုပ္နိုင္သည္။ တၿခား အခ်က္ေတြ 

အားလုံးသည္ အထက္တြင္ ေဖာ္ၿပ ထားသည္႔ အတုိင္း အတူတူ ပင္ၿဖစ္သည္။       

Figure 4. Egg-crate type grille

Punkah Louvre

Supply air အတြက္ပင္ သုံးသည္။ Spot cooling (ေနရာတစ္ခုတြင္ ပုိ၍ ေအးေစေသာအခါ)  အတြက္ သံုးၿခင္း 

ၿဖစ္သည္။ အထူးသၿဖင္႔ galley တြင္ သံုးေလ႔ ရွိသည္။ Laundry room တြင္လည္း သံုးတဲ႔ အခါ သံုးသည္။  
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Figure 5. Punkah Louvre

Exhaust Nozzle

Nozzle type ကို exhaust air အတြက္ သုံးနုိင္သည္။ ဘယ္လို type ကို သံုးမလ ဲဆိုသည္မွာ client က ဘာမွ 

ေၿပာမထား လ်င္ designer အေပၚတြင္ မူတည္သည္။ Round (or) rectangular (or) square type 

အဆင္ေၿပ သလို၊ install လုပ္မည္႔ ေနရာ အက်ယ္အ၀န္း ေပၚမူတည္၍ ဆုံးၿဖတ္ ရမည္။ Exhaust 

ဟုဆိုေသာ္လည္း supply air အတြက္လည္း သံုးနုိင္ေပသည္။ 

Figure 6. Exhaust nozzle
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Cabin toilet ေတြတြင္ exhaust nozzle (valve ဟုလည္း ေခၚသည္) ေတြကုိ သံုးသည္။ တစ္ခု မွတ္ရ မွာ က 

toilet module မ်ားသည္ nozzle ေတြပါၿပီးသား ၿဖစ္သည္။ ထုိ႔ေၾကာင္႔ HVAC vendor ကထပ္ၿပီး supply 

လုပ္စရာ မလို။ Exhaust duct နွင္႔သာ connect လုပ္ေပးရန္ လိုသည္။ Ventilation system (exhaust fan) 

အတြက္ HVAC vendor ကတာ၀န္ယူ ရေသာ ေၾကာင္႔ ၿဖစ္သည္။ Public toilet ေတြမွာ ေတာ႔ HVAC vendor 

က supply လုပ္ရသည္။ သုိ႔ေသာ္လည္း nozzle type ကုိ သိပ္သုံးေလ႔ မရိွပါ။ Air velocity ကုိ 2.0 m/s 

ေလာက္ထားမည္ ဆိုလ်င္ သင္႔ေလ်ာ္သည္။ 



Chapter 6

Inlet & Outlet Devices

Inlet & outlet devices ေတြတြင္ mist eliminator, weather louver, gooseneck, mushroom တု႔ိ ပါ 

၀င္သည္။ Mist eliminator ကေတာ႔ fresh air intake အတြက္ ၿဖစ္ေသာ္လည္း weather louver, 

gooseneck, mushroom တုိ႔ကေတာ႔ exhaust air outlet အတြက္ ၿဖစ္သည္။ သုိ႔ေသာ္ gooseneck 

type ကုိ fresh air intake အတြက္ သုံးတာေတြ လည္းရွိသည္။  

Mist eliminator

Supply fan inlet, fan house, AHU အတြက္  fresh air duct တို႔တြင္ mist eliminator ကုိ ထားၾက 

သည္။ အဓိက ရည္ရြယ္ခ်က္ မွာ မုိးရြာေသာ အခါ ေရမွဳန္ ေရမႊား မ်ား fresh duct မွတဆင္႔ အခန္းတြင္း 

သုိ႔ ၀င္ေရာက္ မလာေစရန္ တားဆီး ေပးရန္ အတြက္ ၿဖစ္သည္။ ၎အလုပ္ကုိ mist eliminator တြင္ ပါ ရိွ 

ေသာ profile မ်ားက လုပ္ေဆာင္ေပးသည္။ Blade profile တြင္ ခ်ိတ္ကေလးမ်ားကဲ႔သုိ႔ 

အေကာက္ကေလးေတြ ပုံစံ ရွိကာ ပထမ အဆင္႔၊ ဒုတိက အဆင္႔ စသၿဖင္႔ ရွိသည္။ မိုးေရစက္ 

ေလးမ်ားသည္  သင္႔တင္႔ေသာ velocity နွင္႔ ၀င္လာၿပီး blade profile ကုိ ၿဖတ္ေက်ာ္ ခ်ိန္တြင္ 

တားဆီးထားေသာ ခ်ိတ္ကေလးမ်ားနွင္႔ ရိုက္ၿပီး ေအာက္သုိ႔ က်သြားၿပီး ေလသက္သက္သာ အတြင္းသုိ႔ 

၀င္ေရာက္သြားသည္။ ေအာက္သုိ႔ က်သြားေသာ ေရမ်ားသည္ drain မွ တဆင္႔ အၿပင္သုိ႔ ထြက္သြားသည္။   

Figure 1. Mist eliminator with hatch
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Figure 2. Mist eliminator at bulkhead

Mist eliminator မ်ားသည္ bulkhead ၌ အၿပင္ဖက္ ေလထုနွင္႔ ထိေတြ႔ေနေသာ ေနရာတြင္သာ install 

လုပ္ရၿပီး fresh air ကုိ အခန္းတြင္း (သုိ႔) AHU သုိ႔ supply လုပ္ရသၿဖင္႔ corrosion မၿဖစ္ေစရန္ casing ကုိ 

stainless steel နွင္႔ ၿပဳလုပ္၍ blade ကိုေတာ႔ aluminum သို႔မဟုတ္ SS ၿဖင္႔ၿပဳလုပ္သည္။ Mist 

eliminator ဆိုဒ္ ေရြးခ်ယ္ရာတြင္ air velocity maximum 5 m/s ထက္ မေက်ာ္ေအာင္ ထားၾကသည္။ 

 Main deck တြင္ တပ္ဆင္ထားေသာ mist eliminator မ်ားတြင္ weather-tight cover 

မ်ားထည္႔ေပးၾကသည္။ ၎ကာဗာကုိ ပိတ္ထားနုိင္ရန္ အတြက္ hinge မ်ား၊ toggle မ်ား ရွိသည္။ AHU 

မ်ားတြင္ cooling coil ႏွင္႔ blower ၾကားတြင္လည္း mist eliminator ကုိ ထားေလ႔ရွိသည္။ ေလႏွင္႔ 

အတူေရာပါ လာနုိင္သည္႔ ေရစက္မ်ားသည္ mist eliminator ကုိၿဖတ္ေသာ အခါ က်န္ေနခဲ႔ ၿပီး ေအာက္ 

တြင္ ရွိေသာ drain pan ထသုိဲ႔  က်၍ drain pan နွင္႔ေအာက္ေၿခ တြင္ဆက္ထားေသာ drain (water 

trap) မွတဆင္႔ vessel ရ႕ဲ main drain system သို႔ေရာက္သြားသည္။ 

Weather Louver

Weather louver မ်ားကုိ အၿပင္ဖက္ bulkhead ၌ exhaust air outlet မ်ားအေနနဲ႔ တပ္ဆင္ၾကသည္။ Air 

outlet ၿဖစ္ေသာေၾကာင္႔ material သည္ stainless steel ၿဖစ္စရာ မလုိေပ။ Mild steel 6mm thickness 

ကုိသာ သံုးၾကသည္။ Sand blasting လုပ္၍ ေဆးသုတ္ေပးရသည္။ Louver ဆုိဒ္ ေရြးခ်ယ္ရာတြင္လည္း 

air velocity maximum 5 m/s ထက္ မေက်ာ္ေအာင္ ထားၾကသည္။ Main deck တြင္ တပ္ဆင္ထားေသာ 
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louver မ်ားတြင္ weather-tight cover မ်ားထည္႔ေပးၾကသည္။ ၎ကာဗာကုိ ပိတ္ထားနုိင္ရန္ အတြက္ 

hinge မ်ား၊ toggle မ်ား ရွိသည္။  

Figure 3. Weather louver with hatch

Gooseneck

အဓိက အားၿဖင္႔ exhaust air out အေနနဲ႔ သံုးသည္။ Steel pipe ကုိ gooseneck ပံုစံ ၿပဳလုပ္ၿပီး သုံးၿခင္း 

ၿဖစ္သည္။ ပံုမွန္အားၿဖင္႔ 6mm thickness ကုိသုံးေသာ္လည္း Deck ေတြ penetrate လုပ္ေသာ အခါ 

တစ္ခ်ိဳ႕ ေနရာေတြတြင္ class requirement အရ 10mm thickness ရွိဖုိ႔ လိုအပ္သည္။ Material သည္ 

galvanized steel ကုိ hot dipped လုပ္ရသည္။    

Figure 4. Gooseneck
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Mushroom

သေဘာတရားကေတာ႔ gooseneck ႏွင္႔ အတူတူ ပင္ၿဖစ္သည္။ Gooseneck က bulkhead ေကာ deck 

ေကာ ၾကိဳက္တဲ႔ ေနရာမွာ သုံးနိုင္ ေသာ္လည္း  mushroom ကေတာ႔ roof မွာပ ဲ သုံးနိုင္သည္။ Material 

သည္ galvanized steel ကို hot dipped လုပ္ရသည္။    

Figure 5. Mushroom



Chapter 7

Ventilation for Accommodation

ဒီ အခန္းတြင္ ventilation system ကုိ LQ (living quarter) အတြက္ပ ဲ ေရးသြားမည္ ၿဖစ္သည္။ 

Machinery space ventilation အတြက္ သပ္သပ္ေရးပါမည္။ 

Heat load calculation တြက္စဥ္တြင္ အခန္းတုိင္း၏ လုိအပ္ေသာ air quantity ကုိ ရွာၿပီး ၿဖစ္သည္။ ၎ရရိွ 

ထားေသာ air quantity ကုိ fan sizing လုပ္ရာတြင္ သုံးနုိင္သည္။ LQ ventilation သည္ air quantity 

သိပ္မ်ား မ်ား စားစား မလုိအပ္ပါ။ Gallley, smoking room, dirty tea room, hospital စသည္မ်ားသည္ 

separate exhaust fans မ်ားလုိအပ္ၿပီး cabin toilet နွင္႔ public toilet မ်ားကုိေတာ႔ common duct 

system ႏွင္႔ ထုတ္ပစ္ လုိ႔ရသည္။ Elevator trunk တုိ႔ staircase (during emergency) စသည္တို႔ 

အတြက္ေတာ႔ supply fan လုိသည္။ Exhaust fan ေတြကေတာ႔ LQ မွာ အမ်ားဆုံး သုံးသည္။ ဘာေၾကာင္႔ 

ဆုိေသာ္ LQ သည္ အခန္း အားလုံးလုိလုိ air-conditioned rooms မ်ားသာ ၿဖစ္ေသာေၾကာင္႔ပင္။ Return 

air ကုိ ၿပန္သုံးလုိ႔ မရေသာ အခါ natural exhaust (or) mechanical exhaust နွင္႔ ထုတ္ပစ္ ရသည္သာ 

ရွိသည္။  

Fan type ကေတာ႔ axial ေကာ centrifugal ပါ သုံးၾကေသာ္ လည္း axial fan (direct drive) 

ေတြသံုးၾကတာ မ်ားသည္။ AHU ေတြမွာ သုံးတာကေတာ႔ centrifugal fan (belt drive) ေတြသာ 

ၿဖစ္သည္။ Electrical characteristic အေနနဲ႔ 480V/3Ph/60 Hz ေတြမ်ားသည္။ တစ္ခ်ိဳ႕အခန္း 

အနည္းငယ္ အတြက္သာ 230V/Ph လုိအပ္သည္။ Casing 6mm thick mild steel (sand blasted and 

painted) သည္ outdoor fan မ်ားကုိ လက္ခံ အသုံးၿပဳေနသည္။   

LQ တြင္ electrical components မ်ားသည္ ex-rated ၿဖစ္စရာ မလုိေသာေၾကာင္႔ ေစ်းလ ဲ သိပ္မၾကီး 

လွပါ။ Insulation class F ႏွင္႔ IP56 သည္ အသုံးၿပဳရန္ လုံေလာက္ေပသည္။  

Galley fan မ်ားကေတာ႔ axial fan ပင္ၿဖစ္ေသာ္လည္း အနည္းငယ္ ကြဲၿပား ၿခားနားသည္။ Bifurcated 

type ၿဖစ္သည္။  Galley မွထြက္လာေသာ ေလသည္ ပူေနၿပီး ဆီေငြ႔မ်ားလည္း ပါ၀င္ေနေပသည္။ 

ထုိ႔ေၾကာင္႔ စုပ္ထုတ္လုိက္ေသာ ေလကုိ motor ႏွင္႔ တုိက္ရိုက္ ထိေတြ႔မွဳ မရိွေအာင္ design 
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လုပ္ထားသည္။ Casing ကုိ split type လုပ္ထား၍ motor ကုိ အၿပင္ဖက္ မွာထားသည္။ အဓိက ကေတာ႔ 

motor protection အတြက္ ၿဖစ္သည္။  

Figure 1. Axial Fans

Figure 2. Bifurcated fan on testing
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7.1 Total Pressure, Velocity Pressure and Static Pressure

Fan selection စလုပ္ၿပီ ဆုိလ်င္ air quantity ႏွင္႔ static pressure ကုိ supplier ကုိေပးရမွာ ၿဖစ္သည္။ 

Heat load calculation တြက္စဥ္က ရခဲ႔ေသာ final air quantity ကုိ သုံးနုိင္ေပမယ္႕ static pressure 

ကုိေတာ႔ မသိေသးေပ။ Duct sizing ကုိလုပ္စဥ္က static pressure ကုိတြက္ခဲ႔ ပါက ၎ေဒတာ ကုိ 

ေပးလုိက္ရံုပင္။  

Total Pressure

Total pressure သည္ static pressure ႏွင္႔ velocity Pressure ႏွစ္ခု ေပါင္းထားၿခင္း ကုိေခၚသည္။  

Total pressure = Static pressure + Velocity Pressure

Pt = Ps + Pv

Total pressure loss ကေတာ႔ တြက္ကိုတြက္ ရမွာၿဖစ္သည္။ Chapter 3 ''Duct sizing'' မွာ ရွာခဲ႔ေသာ 

နည္း အတုိင္း ရွာပါ။  

Static pressure

Total pressure loss ရလ်င္ ၎အထဲမွ fan outlet velocity pressure ကုိနွဳတ္ပါက static pressure 

ရမည္။  

Static pressure = Total pressure - Velocity Pressure

Ps = Pt - Pv

Velocity Pressure

Fan outlet velocity pressure ၿဖစ္သည္။  

Standard air အတြက္ တန္ဖိုးသည္ 1.204 kg/m3 ၿဖစ္သည္။ Velocity သည္ fan outlet velocity ၿဖစ္ 

သည္။ Area သည္ fan outlet size ကုိယူရမည္ ၿဖစ္သည္။  

ေအာက္ပါ ပံုမ်ားကုိ ၾကည္႔ပါ။ Total pressure loss ကုိတြက္ေသာ အခါ system ရ႕ဲ အရွည္ဆံုး duct 

length ကုိ တြက္ရသည္။ ၎ resistance ေတြကုိ overcome ၿဖစ္ေစမည္႔ pressure ကုိ 
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ထုတ္ေပးနိုင္ေသာ fan ကုိ ေရြးခ်ယ္ ရေပမည္။ Fig. 3 ႏွင္႔ 4 မွာ ဆုိလ်င္ section 2-3-6-19-18-14-

10-9-7 သည္ အရွည္ဆုံး ၿဖစ္သည္။ ထုိ႔ေၾကာင္႔ ၎ duct အတြက္ total pressure loss ကုိ 

တြက္ယူရမည္။ ရရိွလာသည္႔ အထဲမွ fan outlet velocity pressure ကုိႏွဳတ္ပါက fan ရ႕ဲstatic pressure 

ကုိရသည္။  

Figure 3. Schematic for system



Aung Myat Thu Applied HVAC in Marine & Offshore Volume 1

Figure 4. System schematic with section numbers

7.2 How to change the Pulley Size

တစ္ခါတစ္ရံ client က AHU blower ကုိေရြးေသာ အခါ လုိအပ္ေသာ air flow ပမာဏ ထက္ 10% ပုိပါ 

ဆုိၿပီး ေၿပာတတ္ သည္။ Safety factor အေနနဲ႔ ယူထားတာပဲ ၿဖစ္ေစ၊ ေနာင္တစ္ခ်ိန္ အခန္းကုိ extend 

လုပ္ခ်င္တဲ႔ အခါ pulley size change ၿပီး သုံးဖို႔ပ ဲၿဖစ္ေစ requirement အေနနဲ႔ ထားတတ္သည္။ ထုိအခါ 

blower ကုိ select လုပ္ေသာအခါ extra air flow 10% ကုိထုတ္ေပးနုိင္ေသာ motor ကုိ ေရြးခ်ယ္ 

ေပးရသည္။ Pulley ေတြ တပ္ေသာအခါ တြင္ေတာ႔ လက္ရွိ လုိအပ္ေသာ air flow ပမာဏ ႏွင္႔ ကုိက္ေသာ 

pulley ကုိသာ တပ္ဆင္ ရန္လုိသည္။  

Figure 5. Fan blower and motor pulley
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Fan law တြင္ ေဖာ္ၿပထားေသာ ေဖာ္ၿမဴလာ ကုိ သုံးနိုင္သည္။ ၎သည္ speed ratio ႏွင္႔ size ratio တုိ႔၏ 

အၿပန္အလွန္ အခ်ိဳး ၿဖစ္သည္။  

Air flow သည္ speed နွင္႔ တုိက္ရိုက္ အခ်ိဳးက် သၿဖင္႔ 

ဆုိၾကပါစုိ႔ - AHU blower မွာ လက္ရိွ 4000 cfm ႏွင္႔ 1450 rpm တုိင္းတာထားမွဳ အရ ရိွသည္။ Air flow 

နည္း ေန သည္႔ ၿပႆနာ ၿဖစ္ေနသၿဖင္႔ 4400 cfm လုိခ်င္သည္ ၿဖစ္ေသာ္ ေအာက္ပါ အတုိင္း 

စစ္ၾကည္႔နုိင္သည္။ 

4400 cfm ရရွိရန္ အတြက္ 1595 rpm လုိအပ္သည္။ တစ္ဖန္ fan pulley size (D1) သိၿပီးၿဖစ္၍ first 

equation ကုိသုံး၍ motor pulley size ကုိရွာနိုင္သည္။ Motor pulley ကုိလဲၿခင္းက economical 

ပိုၿဖစ္သည္။ အဘယ္ေၾကာင္႔ ဆုိေသာ္ motor pulley size ကပုိ၍ ေသးငယ္ ေသာေၾကာင္႔ ၿဖစ္သည္။ 



Chapter 8

Dampers

HVAC system တြင္သုံးေသာ damper မ်ားမွာ volume control damper (VCD), non-return damper 

(NRD), pressure relief damper (PRD), shut off damper (SOD) ႏွင္႔ fire damper (FD) တုိ႔ၿဖစ္သည္။ 

၎ damper မ်ားကုိ သူ႔ေနရာ ႏွင္႔သူ သံုးရသည္။  

Volume control damper (VCD)

VCD မ်ားကုိ air flow အား control လုပ္ရာတြင္ သံုးသည္။ VCD ႏွင္႔ ပတ္သက္၍ client ကဘာမွ ေၿပာေလ႔ 

မရိွပါ။ Design လုိအပ္ခ်က္ အရ လုိအပ္ေသာ ေနရာမ်ားတြင္ အဆင္ေၿပ သလုိ သံုးရန္သာ ၿဖစ္သည္။ 

အေၿဖာင္႔ သြားေနေသာ main duct မွ branch ခြဲသြားေသာ အခါ တစ္ခ်ိ ႔ဳက branch တြင္ ထားသည္။ 

၎ေနရာ သည္ သင္႔ေတာ္ေသာ ေနရာ မဟုတ္ေပ။ T-piece အၿပီး straight duct ေပၚတြင္သာ တပ္သင္႔ 

သည္။  

VCD မ်ား indoor တြင္သာ အားလုံးလိုလုိ သံုးၾက သၿဖင္႔ GI (galvanized) material ၿဖင္႔သာ ၿပဳလုပ္ၾကသည္။ 

Circular duct ေတြအတြက္ duct standard အတုိင္း ထုတ္လုပ္၍ rectangular size အတြက္ ကုိယ္လိုခ်င္ 

ေသာ ဆုိဒ္ ကုိမွာယူနိုင္သည္။  

Figure 1. VCD
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Blade ႏွင္႔ ဆက္ထားေသာ shaft ကိုလွည္႔ေပးၿဖင္႔ air flow ကုိ control လုပ္ရာတြင္ manual control ကိုသာ 

အမ်ားဆုံး သုံးသည္။ Worm-gear ႏွင္႔ control လုပ္ထားေသာ device ကို standard အေနနဲ႔ ထုတ္ၿပီး 

quadrant type control လမွဲာ၍ ရသည္။ Worm-gear ကုိသုံးလ်င္ ေနရာယူ သၿဖင္႔ compact ၿဖစ္ေသာ 

quadrant type ကိ ုအသံုးမ်ားသည္။  

Non-return damper (NRD)

Non-return damper မ်ားကုိ back draught damper ဟုလည္းေခၚသည္။ Back flow ကုိ ကာကြယ္ရန္ 

အတြက္ အဓိက သုံးသည္။ AHU ႏွစ္လံုး one duty and one stand-by အေနနဲ႔ သံုးေသာ အခါ AHU blower 

ႏွစ္ခု စလံုး ရ႕ဲအထြက္တြင္ install လုပ္သည္။ Hospital အတြက္ ေပးေသာ supply air ကုိ common duct မွ 

ယူထားလ်င္ hospital or clinic အခန္းထတဲြင္ NRD တပ္ေပးရသည္။ System shutdown ၿဖစ္သြားေသာ အခါ 

pressure difference ရိွေနပါက ေဆး၀ါးနံ႔ မ်ား တၿခား အခန္းတြင္း သို႔ မ၀င္ေရာက ္ေစနုိင္ရန္ ၿဖစ္သည္။  

Figure 2. NRD

Indoor application ေတြအတြက္ galvanized steel casing သည္လံုေလာက္ ေသာ္လည္း components 

ေတြသည္ အၿမတဲမ္း လွဳပ္ရွား ေနရသၿဖင္႔ client က stainless steel casing ကုိေတာင္းဆုိ တတ္သည္။ ဘာမွ 

မေၿပာလ်င္  galvanized steel casing ၿဖင္႔သာ ၿပဳလုပ္၍ shaft ကုိသာ SS ၿဖင္႔ၿပဳလုပ္ နုိင္သည္။ Shaft 
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ကေတာ႔ rotating part ၿဖစ္သၿဖင္႔ SS ၿဖစ္မွသာ ေကာင္းသည္။ Mechanical type ၿဖစ္၍ counter weight 

ၿဖင္႔ အဖြင္႔ အပိတ္ ကို control လုပ္သည္။ Order မွာေသာ အခါ horizontally install လုပ္မွာလား၊  vertically 

install လုပ္မွာလား ဆုိတာ ေၿပာမွာဖုိ႔ လိုသည္။ ဆိုလိုတာက ducting သည္ horizontal လား၊  vertical လား 

ဆိုတာ ေၿပာရမည္။ Counter weight arm ရဲ႕ position ေၾကာင္႔ ၿဖစ္သည္။  

Pressue Relief Damper (PRD)

အထက္တြင္ ေဖာ္ၿပထားေသာ NRD ကိုပင္ PRD အၿဖစ္ သံုးသည္။ Function ၿခင္းက အတူတူ ပင္ၿဖစ္သည္။ 

Overpressure ကုိ relief လုပ္ေသာ အခန္းတြင္ PRD ကိုသုံးသည္။ ဥပမာ- အခန္းထတဲြင္ positive pressure 

ကုိ +50 Pa တြင္ maintain လုပ္ထား လုိပါက ပုိသြားေသာ pressure ကုိ relief လုပ္ဖို႔ လုိသည္။ ထိုအခါ PRD 

ကုိသံုးၿခင္း ၿဖစ္သည္။ Mechanical type ကုိပင္ အသုံးမ်ား၍ တိက်စြာ +50 Pa ကိုေတာ႔ ရဖို႔ မလြယ္ပါ။ 

Commissioning engineer က commissioning လုပ္ေသာ အခ်ိန္တြင္ counter weight ကုိ adjust လုပ္ေပး 

ဖို႔ လိုသည္။ ပံုကေတာ႔ NRD ႏွင္႔ အတူတူ ပင္ ၿဖစ္ေသာေၾကာင္႔ မေဖာ္ၿပ ေတာ႔ပါ။  

Shut off Damper (SOD)

Figure 3. SOD

Shut off damper ကုိ manually ေသာ္လည္းေကာင္း၊ actuator ႏွင္႔ ေသာ္လည္းေကာင္း သံုးၾကသည္။ Blade 

၏ seal ကုိ လံုနုိင္သမွ် လံုေအာင္ ၿပဳလုပ္သည္။ အဓိကအားၿဖင္႔ အေၾကာင္းေၾကာင္း ေၾကာင္႔ၿဖစ္ေသာ  

emergency condition တြင္ gas/toxic စသည္ မ်ား အခန္းတြင္း သုိ႔ မ၀င္ေရာက္ နုိင္ရန္ damper ကုိ 
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ပိတ္ထား ၿခင္း ၿဖစ္သည္။ SOD ကုိ air inlet or outlet တြင္ bulkhead or deck penetration ၿပီးလ်င္ install 

လုပ္သည္။  Figure 8.3 တြင္ၿပထားေသာ SOD သည္ pneumatically actuated ၿဖစ္သည္။ Elecrical 

actuator ႏွင္႔လည္း သုံးၾကသည္။  

Fire Damper (FD)

Fire damper သည ္ အေရး အၾကီးဆံုး ၿဖစ္သည္။ သူ႔အတြက္ ေရးမည္ဆုိလ်င္ ေတာ္ေတာ္ ေရးယူရမည္ 

ၿဖစ္သည္။ Requirement ေတြ အရမ္း မ်ားလြန္းေသာေၾကာင္႔ ၿဖစ္သည္။ ဒီေနရာ မွာေတာ႔ ေယဘုယ် 

ေလာက္ပ ဲေရးပါမည္။ တစ္ေနရာ တြင္မီးေလာင္ပါက တၿခား တစ္ေနရာ သုိ႔ duct ေတြမွ တဆင္႔ ၀င္ေရာက္ 

မသြားနိုင္ေစရန္ အတြက္ fire damper ေတြကုိ သုံးၾကသည္။ SOD ကို air inlet or outlet ေတြတင္သာ မက 

control station မ်ား ၊ bulkhead penetration မ်ား၊ deck penetration မ်ားတြင္ duct ၏ cross section 

area သည္ 0.075m2 ထက္ၾကီးပါက fire damper ကုိ install လုပ္ရသည္။ Bulkhead, deck တုိ႔တြင္ class 

မ်ားခြဲထားရာ A-class bulkhead or deck တို႔တြင္ ဆိုဒ္ အေပၚ မူမတည္ပ ဲ FD ကုိ တပ္ဆင္ေလ႔ ရိွသည္။ 

Penetration ၏ကပ္လ်က္ တြင္ install လုပ္ရသည္။ A60 insulation ပါကပ္ဖုိ႔ လုိသည္။  

Figure 4. Fire Damper
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ပံုတြင္ အနီေရာင္ ၀ုိင္းၿပထားေသာ အရာကို frangible bulb ဟုေခၚသည္။ ဖန္ၿပြန္ေခ်ာင္း ေလးသာ ၿဖစ္၍ 

အတြင္းတြင္ ၿပဒါး ရိွသည္။ ၎ tube ေလးသည္ အပူခိ်န္ 72°C (72°C ႏွင္႔ 90°C ဟူ၍ ႏွစ္မ်ိဳး ရိွသည္) အထိ 

ခံနုိင္၍ ထုိအပူခ်ိန္ ေက်ာ္လြန္ သြားပါက ၿပဒါးသည္ ပြလာ၍ ေပါက္သြားၿပီး (ဥပမာ pneumatic damper တြင္ 

supply air သည္ by pass ၿဖစ္ကာ) damper ပိတ္သြားသည္။ ထုိ႕အတူ electric FD တြင္လည္း power 

supply interrupt ၿဖစ္ပါက spring return actuator က blade ကုိပိတ္ခ် လိုက္သည္။ 90°C ratedfrangible 

bulb သည္ galley အတြက္ သုံးေလ႔ ရွိသည္။ Galley မွစုပ္ထုတ္ လုိက္ေသာ ေလသည္ သာမန္ထက္ ပိုပူ 

ေနသၿဖင္႔ rating ၿမင္႔ေသာ bulb ကုိသံုးရၿခင္း ၿဖစ္သည္။  

Pneumatic actuator မ်ားတြင္ 5-8 bar working pressure ရိွ၍ release time သည္ 5 second အတြင္း 

ၿဖစ္သည္။ Electric actuator တြင္ 24V or 230 V ၿဖစ္၍ release time သည္ 20 second ၿဖစ္ကာ reset 

time သည္ 150 second ၿဖစ္သည္။  
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