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Outdoor Design ConditionsOutdoor Design Conditions



2005 ASHRAE Handbook - Fundamentals (SI) © 2005 ASHRAE, Inc.

Station Information

1b 1c 1d 1e 1f 1g 1h 1i

BANGKOK 484550 13.73N 100.57E 20 101.08 7.00 SEA 8201

Annual Heating and Humidification Design Conditions

99.6% 99% DP HR MCDB DP HR MCDB WS MCDB WS MCDB MCWS PCWD
2 3a 3b 4a 4b 4c 4d 4e 4f 5a 5b 5c 5d 6a 6b

12 18.7 20.3 11.7 8.6 23.0 13.3 9.5 23.7 6.8 27.4 5.6 27.8 1.0 N/A

Annual Cooling, Dehumidification, and Enthalpy Design Conditions

DB MCWB DB MCWB DB MCWB WB MCDB WB MCDB WB MCDB MCWS PCWD
7 8 9a 9b 9c 9d 9e 9f 10a 10b 10c 10d 10e 10f 11a 11b

4 7.1 35.7 26.4 35.0 26.4 34.4 26.2 28.0 33.0 27.6 32.4 27.2 31.8 2.9 N/A

DP HR MCDB DP HR MCDB DP HR MCDB Enth MCDB Enth MCDB Enth MCDB
12a 12b 12c 12d 12e 12f 12g 12h 12i 13a 13b 13c 13d 13e 13f

26.7 22.4 30.2 26.4 21.9 29.9 26.1 21.6 29.7 89.5 33.0 87.9 32.8 86.4 32.1

Extreme Annual Design Conditions

1% 2.5% 5% Max Min Max Min Max Min Max Min Max Min Max Min
14a 14b 14c 15 16a 16b 16c 16d 17a 17b 17c 17d 17e 17f 17g 17h

6.4 5.7 5.1 33.2 37.4 16.3 0.8 2.4 38.0 14.6 38.4 13.2 38.9 11.8 39.5 10.1

Monthly Design Dry Bulb and Mean Coincident Wet Bulb Temperatures

DB MCWB DB MCWB DB MCWB DB MCWB DB MCWB DB MCWB
18a 18b 18c 18d 18e 18f 18g 18h 18i 18j 18k 18l

0.4% 33.9 24.3 34.6 24.4 35.8 24.7 36.7 25.9 36.7 26.7 35.2 26.5
1% 33.5 24.3 34.0 24.8 35.2 25.1 36.2 26.3 36.2 26.9 34.8 26.4
2% 33.0 24.3 33.5 24.9 34.7 25.4 35.8 26.5 35.7 26.9 34.2 26.4

DB MCWB DB MCWB DB MCWB DB MCWB DB MCWB DB MCWB
18m 18n 18o 18p 18q 18r 18s 18t 18u 18v 18w 18x

0.4% 34.8 26.3 34.3 26.3 34.0 26.2 33.8 26.2 34.0 25.3 33.9 24.5
1% 34.3 26.2 33.8 26.1 33.6 26.1 33.3 26.1 33.5 25.2 33.3 24.3
2% 33.9 26.1 33.3 25.9 33.1 26.1 32.9 26.1 33.1 25.1 32.9 24.1

Monthly Design Wet Bulb and Mean Coincident Dry Bulb Temperatures

WB MCDB WB MCDB WB MCDB WB MCDB WB MCDB WB MCDB
19a 19b 19c 19d 19e 19f 19g 19h 19i 19j 19k 19l

0.4% 26.8 30.5 27.7 32.4 27.7 32.8 28.6 34.1 28.2 33.6 27.7 32.3
1% 26.4 30.3 27.2 31.5 27.4 32.4 28.2 33.4 28.0 33.4 27.6 32.1
2% 26.1 30.2 26.9 31.0 27.2 32.0 28.1 33.1 27.7 32.9 27.3 31.7

WB MCDB WB MCDB WB MCDB WB MCDB WB MCDB WB MCDB
19m 19n 19o 19p 19q 19r 19s 19t 19u 19v 19w 19x

0.4% 27.6 32.3 27.2 31.7 27.5 31.2 27.5 31.7 26.9 31.4 26.4 30.6
1% 27.2 31.7 27.0 31.5 27.2 31.1 27.2 31.3 26.6 31.0 25.9 30.0
2% 27.0 31.4 26.7 31.1 26.9 30.9 26.9 30.9 26.2 30.7 25.5 30.0

Monthly Mean Daily Temperature Range

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
20a 20b 20c 20d 20e 20f 20g 20h 20i 20j 20k 20l

8.9 7.8 7.3 7.1 6.8 6.1 6.1 6.0 6.4 6.4 7.3 8.8

WMO# World Meteorological Organization number Lat Latitude, ° Long Longitude, °
Elev Elevation, m StdP Standard pressure at station elevation, kPa
DB Dry bulb temperature, °C DP Dew point temperature, °C WB Wet bulb temperature, °C
WS Wind speed, m/s Enth Enthalpy, kJ/kg HR Humidity ratio, grams of moisture per kilogram of dry air
MCDB Mean coincident dry bulb temperature, °C MCDP Mean coincident dew point temperature, °C MCWB Mean coincident wet bulb temperature, °C
MCWS Mean coincident wind speed, m/s PCWD Prevailing coincident wind direction, °, 0 = North, 90 = East

Time zone
code

Coldest month WS/MCDB
0.4% 1%

Period

1a

Hours +/-
UTCElevLong

n-Year Return Period Values of Extreme DB

2%

MCWS/PCWD
to 0.4% DB

Standard deviation n=50 years

0.4% 1% 2%
Enthalpy/MCDB

Cooling DB/MCWB

MCWS/PCWD
to 99.6% DB

StdP

Humidification DP/MCDB and HR

Station name WMO#

Coldest 
month

Heating DB
99.6%

Lat

99%

2% 0.4%
Evaporation WB/MCDB

0.4% 2%1%

Dec

%
Jan

Feb Mar

Feb Mar

%
Aug

Jun

Extreme
Max
WB

Hottest 
month 1%

Extreme Annual DB
Mean

Dehumidification DP/MCDB and HR
0.4% 1%

Extreme Annual WS

Hottest
month 

DB range

n=5 years

JunMay

n=20 yearsn=10 years

Apr May

%
Jan

NovJul

Apr

Design conditions for BANGKOK, Thailand

Aug Sep Oct Nov

Dec

%
Jul

Sep Oct



Percent Percent DB© WB© RH% W TDP©

0.30% 99.71% 37.70     26.00     39             0.01618      21.25     
0.30% 99.70% 37.70     25.50     37             0.01533      20.48     
0.31% 99.70% 37.70     24.90     35             0.01433      19.52     
0.32% 99.69% 37.70     21.60     23             0.00929      13.30     
0.32% 99.68% 37.60     26.40     41             0.01691      21.89     
0.33% 99.68% 37.60     26.00     40             0.01622      21.29     
0.34% 99.67% 37.60     26.00     40             0.01622      21.29     
0.34% 99.66% 37.60     25.60     38             0.01554      20.68     
0.35% 99.66% 37.60     25.40     37             0.01520      20.37     
0.36% 99.65% 37.60     24.70     35             0.01405      19.24     
0.36% 99.64% 37.60     24.50     34             0.01372      18.91     
0.37% 99.64% 37.50     27.70     47             0.01930      23.76     
0.38% 99.63% 37.50     27.30     46             0.01857      23.21     
0.39% 99.62% 37.50     26.80     43             0.01767      22.51     
0.39% 99.61% 37.50     26.70   43           0.01749    22.36     
0.40% 99.61% 37.50     26.60   43           0.01731    22.22     
0.41% 99.60% 37.50     26.60     43             0.01731      22.22     
0.41% 99.59% 37.50     26.50     42             0.01713      22.07     
0.42% 99.59% 37.50     26.30     41             0.01678      21.78     
0.43% 99.58% 37.50     26.10     40             0.01644      21.48     
0.43% 99.57% 37.50     26.00     40             0.01626      21.33     
0.44% 99.57% 37.50     26.00     40             0.01626      21.33     
0.45% 99.56% 37.50     25.90     40             0.01609      21.18     
0.45% 99.55% 37.50     24.80     35             0.01425      19.45     
0.46% 99.55% 37.50     24.70     35             0.01409      19.28     
0.47% 99.54% 37.40     27.40     46             0.01879      23.39     
0.47% 99.53% 37.40     27.00     45             0.01807      22.83     
0.48% 99.53% 37.40     26.20     41             0.01665      21.67     
0.49% 99.52% 37.40     26.10     41             0.01648      21.52     
0.50% 99.51% 37.40     26.00     40             0.01631      21.37     
0.50% 99.50% 37.40     25.70     39             0.01580      20.91     
0.51% 99.50% 37.30     26.60     43             0.01740      22.29     
0.52% 99.49% 37.30     25.20     37             0.01500      20.18     
0.52% 99.48% 37.30     24.10     33             0.01321      18.36     
0.53% 99.48% 37.20     27.20     46             0.01852      23.17     
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Components of Cooling LoadComponents of Cooling Load

1) External Load

2) Internal Load

3) Outdoor Air  Load

1.1) Roofs

1.2) Wall

1.3) Glass (Windows)

1.4) Ceiling

1.5) Floor

1.6) Partition

2.1) People

2.2) Lights

2.3) Power

2.4) Appliances



2525

Approximate Watt/Approximate Watt/Sq.mSq.m



8686

Occupant Density (PTT Bld.)Occupant Density (PTT Bld.)



9393

Office Equipment Load FactorOffice Equipment Load Factor



9494

Actual Load FactorActual Load Factor



160160

Duct Heat Gain & Leak LossDuct Heat Gain & Leak Loss

Duct Heat Gain in % of RSHDuct Heat Gain in % of RSH 
--Supply Duct 1.5% (Typical Value)Supply Duct 1.5% (Typical Value) 
--Return Duct 1.5% (Typical Value)Return Duct 1.5% (Typical Value) 

Duct Leakage in % of Total Air SupplyDuct Leakage in % of Total Air Supply 
--Supply Duct 3% (Typical Value)Supply Duct 3% (Typical Value) 
--Return Duct 0% (Typical Value)Return Duct 0% (Typical Value) 

Note that these value are only approximated.Note that these value are only approximated.

Presenter
Presentation Notes
These curves represent the performance of a typical centrifugal compressor over a range of inlet vane positions. The pressure difference between the compressor inlet (evaporator) and outlet (condenser) is on the vertical axis and compressor capacity is on the horizontal axis. The surge region represents the conditions that cause unstable compressor operation.



As the load on the compressor decreases from the full-load operating point (A), the inlet vanes partially close, reducing the flow rate of refrigerant vapor and balancing the compressor capacity with the new load (B).



Less refrigerant, and therefore less heat, are transferred to the condenser. Since the available heat rejection capacity of the condenser is now greater than required, the refrigerant condenses at a lower temperature and pressure. This reduces the pressure difference between the evaporator and the condenser. Continuing along the unloading line, the compressor remains within its stable operating range until it reaches C.



Inlet vanes on a centrifugal compressor allow it to unload over a broad capacity range while preventing the compressor from operating in the surge region.



161161

Effect of Internal MassEffect of Internal Mass

Presenter
Presentation Notes
These curves represent the performance of a typical centrifugal compressor over a range of inlet vane positions. The pressure difference between the compressor inlet (evaporator) and outlet (condenser) is on the vertical axis and compressor capacity is on the horizontal axis. The surge region represents the conditions that cause unstable compressor operation.



As the load on the compressor decreases from the full-load operating point (A), the inlet vanes partially close, reducing the flow rate of refrigerant vapor and balancing the compressor capacity with the new load (B).



Less refrigerant, and therefore less heat, are transferred to the condenser. Since the available heat rejection capacity of the condenser is now greater than required, the refrigerant condenses at a lower temperature and pressure. This reduces the pressure difference between the evaporator and the condenser. Continuing along the unloading line, the compressor remains within its stable operating range until it reaches C.



Inlet vanes on a centrifugal compressor allow it to unload over a broad capacity range while preventing the compressor from operating in the surge region.



162162

Room Temperature VariationRoom Temperature Variation

Presenter
Presentation Notes
These curves represent the performance of a typical centrifugal compressor over a range of inlet vane positions. The pressure difference between the compressor inlet (evaporator) and outlet (condenser) is on the vertical axis and compressor capacity is on the horizontal axis. The surge region represents the conditions that cause unstable compressor operation.



As the load on the compressor decreases from the full-load operating point (A), the inlet vanes partially close, reducing the flow rate of refrigerant vapor and balancing the compressor capacity with the new load (B).



Less refrigerant, and therefore less heat, are transferred to the condenser. Since the available heat rejection capacity of the condenser is now greater than required, the refrigerant condenses at a lower temperature and pressure. This reduces the pressure difference between the evaporator and the condenser. Continuing along the unloading line, the compressor remains within its stable operating range until it reaches C.



Inlet vanes on a centrifugal compressor allow it to unload over a broad capacity range while preventing the compressor from operating in the surge region.
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Diversity Factor & Block Load



3333

Earth OrbitEarth Orbit



3434

DeclinationDeclination

Tul
Callout
June

Tul
Callout
Dec

Tul
Callout
Mar & Sep

Tul
Line



 



จาํนวนคน/ตรม

0.06 0.09 0.20

0.31 0.40 1.03



จาํนวนคน การระบายอากาศตอ่คน Sizing Step บทียี/ูตรม. ตวัอยา่งลกัษณะการใชง้าน
นอ้ยมาก ปานกลาง 1 631                   หอ้งเปลา่ หอ้งนอน
นอ้ย นอ้ย 2 763                   หอ้งสมดุ ธนาคาร

ปานกลาง นอ้ย 3 958                   หอ้งประชุม รา้นตดัผมชาย
ปานกลาง ปานกลาง 4 1,098                 รา้นทาํผม หอ้งเรยีน
ปานกลาง มาก 5 1,304                 รา้นอาหาร หอ้งแล็บ
มาก นอ้ย 6 1,577                 โรงมหรสพ ฟาสตฟ์ู้ ด
มาก นอ้ย 7 1,896                 ทีน่ ัง่ดกูฬีา โถงบรรยาย
มาก เยาะมาก 8 2,812                 ดสีโกเทค

ตวัอยา่งเชน่
‐ถา้เป็นหอ้งประชุมก็เลอืกเครือ่งขนาดที่ Sizing Step 3 เลยก็ได้ เป็นตน้
‐หรอืดจูาํนวนคนกบัปรมิาณการระบายอากาศตอ่คน เพือ่เลอืก Sizing Step ทีเ่หมาะสมเลยก็ได้

การประยกุตใ์ช้ Standard Sizing Step



0.06 

0.17 

0.33 
0.38  0.39 

1.03 

1.26 

1.03 

17.9 

11.9 
12.6 

14.5 

22.6 

7.7 
8.5 

20.6 

 ‐

 5.0

 10.0

 15.0

 20.0

 25.0

 ‐

 0.20

 0.40

 0.60

 0.80

 1.00

 1.20

 1.40

1 2 3 4 5 6 7 8

คนและการระบายอากาศ

คน/ตรม การระบายอากาศ CFM/คน

หอ้งเปลา่ 
หอ้งนอน

หอ้งสมดุ 
ธนาคาร

หอ้งประชมุ 
รา้นตดัผมชาย

รา้นทําผม 
หอ้งเรยีน

รา้นอาหาร 
หอ้งแล็บ

โรงมหรสพ 
ฟาสตฟ์ู้ด

ทีน่ั่งดกูฬิา 
โถงบรรยาย

ดสีโกเทค



9.6 
11.9 

12.9 
14.1  15.0 

12.9 
10.7 

26.2 

3.1 

5.0 

6.9  5.2 
1.7 

2.7  6.4 

2.7 

 ‐

 5.0

 10.0

 15.0

 20.0

 25.0

 30.0

 35.0

1. หอ้งเปลา่ หอ้งนอน 2. หอ้งสมดุ ธนาคาร 3. หอ้งประชมุ รา้นตัด
ผมชาย

4. รา้นทําผม 
หอ้งเรยีน

5. รา้นอาหาร หอ้ง
แล็บ

6. โรงมหรสพ ฟาสต์
ฟู้ด

7. ทีน่ั่งดกูฬิา โถง
บรรยาย

8. ดสีโกเทค

การใชไ้ฟฟ้าและแสงสวา่ง

LPD PPD



631 

763 

958 

1,098 

1,304 

1,577 

1,896 

2,812 

1. หอ้งเปลา่ 
หอ้งนอน

2. หอ้งสมดุ ธนาคาร 3. หอ้งประชมุ รา้น
ตดัผมชาย

4. รา้นทําผม 
หอ้งเรยีน

5. รา้นอาหาร หอ้ง
แล็บ

6. โรงมหรสพ 
ฟาสตฟ์ู้ด

7. ทีน่ั่งดกูฬิา โถง
บรรยาย

8. ดสีโกเทค

BTUH/ตรม



540 

457 

405 

361 

309 

281 

192 

152 

 ‐

 100

 200

 300

 400

 500

 600

1. หอ้งเปลา่ 
หอ้งนอน

2. หอ้งสมดุ ธนาคาร 3. หอ้งประชมุ รา้น
ตดัผมชาย

4. รา้นทําผม 
หอ้งเรยีน

5. รา้นอาหาร หอ้ง
แล็บ

6. โรงมหรสพ ฟาสต์
ฟู้ด

7. ทีน่ั่งดกูฬิา โถง
บรรยาย

8. ดสีโกเทค

ปรมิาณลมจา่ย CFM/Ton

CFM = RSH/(1.1*DT)
DT = Troom ‐ Tsa



TMW-CL1 Summary of Cooling Load Calculations

Project : My House

Zone : Living room

Calculated by : Tul Manewattana

Date : 6-March-2015

Total Cooling Load & Peak Hour Load Components in Btu/h Total Load Components in Btu/h

Check Figures

Important Input Parameters

Supply Air

Input Filename & Type of Area

This product is licensed to TRANE COMPANY.
TMW-CL1 Version 1.2 Copyright (c) 2003 by Dr. Tul Manewattana. 

Total Cooling Load (Btu/h) 38,077

Sensible Heat Ratio 0.81

Peak HR 17

Total  Btu/h/sq.m. 1,088

External  Btu/h/sq.m. 569

Internal  Btu/h/sq.m. 287

Outdoor Air  Btu/h/sq.m. 180

Loss & Safety Btu/h/sq.m. 52

Supply Air (cfm) 1,515

Cfm/Ton 477

Room Filename room2.zon

Type of Area Office

Roof 0

Walls 6,170

Glass 1,379

Partitions 1,123

Ceilings 565

Floors 2,576

Solar 8,120

Lighting 3,340

People - Sensible 2,550

People - Latent 2,550

Appliance - Sensible 0

Appliance - Latent 0

FCU/AHU Fan Motor 1,604

Outdoor Air - Sensible 1,782

Outdoor Air - Latent 4,504

Duct Losses 0

Total Conduction Heat Gain 11,812

Total Solar Heat Gain 8,120

Total Internal Heat Gain 10,045

Total Outdoor Air Load 6,286

Total Duct Loss & Safety 1,813

Latitude (Degree-N) 13.73

DB Range (F) 18.0

Outside DB (F) 95.0

Outside WB (F) 82.0

Inside DB (F) 78.0

Inside RH % 55

Floor Area (sq.m.) 35.00

Height (m.) 2.70

No. of People 10

Max. Ventilation Rate (cfm) 100

Cfm/sq.m. 43.3



 
 
 
Load Calculation Programs 
----------------------------------------------------------- 
 
Simple: TMW-CL1 
 
Complex: EnergyPlus with Legacy   
OpenStudio Plug-in for Google SketchUp 
  
 
 









Conclude Sensible Heat Latent Heat Hood Factor
Floor Room Name Area Hight คน/m2 (คน) (คน) คน/m2 (คน) cfm /คน cfm cfm / ft2 cfm total cfm W/m2 (W) W/m2 (W) BTUH BTUH BTUH

1 Meeting Room 27 2.8 0.50      14      12           0.44      14        5.0         70    0.06         17     109      12.50     338      10.8    292    995        
1 Lobby 34 2.8 0.30      10      10           0.29      10        8           75    0.06         22     121      6.25      213      5.4     184    626        
1 Office 128 2.8 0.25      32      26           0.20      32        5.0         160  0.06         83     303      12.50     1,600   10.8    1,382  4,717     
1 Manager Room 12.5 2.8 0.30      4        2            0.16      2          5.0         10    0.06         8       23        12.50     156      5.4     68      230        
2 Conference 72 2.8 0.50      36      36           0.50      36        5.0         180  0.06         46     283      12.50     900      10.8    778    2,653     
2 Office 84 2.8 0.25      21      21           0.25      21        5.0         105  0.06         54     199      12.50     1,050   10.8    907    3,095     
2 Foyer 48 2.8 0.20      10      14           0.29      10        8           75    0.06         31     132      6.25      300      5.4     259    884        
2 Manager Room 12.5 2.8 0.30      4        2            0.16      2          5.0         10    0.06         8       23        12.50     156      5.4     68      230        
3 Reception Room 28 2.9 0.50      14      8            0.29      14        8           105  0.06         18     154      6.25      175      5.4     151    516        
3 Foyer 49 2.9 0.10      5        12           0.24      5          8           38    0.06         32     86        6.25      306      5.4     265    903        
3 Conference 113 4 0.50      57      50           0.44      57        5.0         285  0.06         73     447      12.50     1,413   10.8    1,220  4,164     

Equipment Equipment
People

People
จํานวนคนเป็นหลกัพืน้ทีเ่ป็นหลกั

Ventilation
Area

Light
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