
CHAPTR 12 - overview

FANS
Characteristics
Performance – fan laws

DUCTS
Losses by Equivalent Length
Losses by Loss Coefficient

OBJECTIVE
Sizing fans and ducts
Predicting performance of systems
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Fluid Machine Characteristic
System Characteristic

Energy (head) is put into the system fluid by the
fluid machine in the form of velocity and pressure.

Energy (head) is removed from the system fluid by friction 
in the piping or duct work.
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If the full set of equations for fluid machine,

Energy Balance - First Law
Mass balance - continuity equation
Equations of motion F=mass x acceleration 

are non-dimensionalized 6 dimensionless parameters result.

If the machine variables are changes so that 5 of
these dimensionless parameters remain constant, the
6th parameter will also remain constant.

In the operation of a pump or fan Mach Number, and 
Specific Heat Ratio remain constant and Reynolds Number 
changes very little.

If the Specific Speed and Specific Diameter of a fluid
machine remain the same even though rotational speed, head
and flow many change, the same efficiency will be achieved.
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FLUID MACHINE DIMENSIONLESS PARAMETERS



1)  Similar geometry+Constant Specific Speed and Specific Diameter = Same Efficiency

2)  Each machine type has an optimum Specific Speed for maximum efficiency.

PUMP SPECIFIC SPEED SPECIFIC DIAMETER DIAGRAM
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MACHINERY AFFINITY LAWS , ( pump laws, fan laws)
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AFFINITY LAWS ( pump laws, fan laws)
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Example:  water pumped
from 10 psia to 30 psia

Example:  water pumped
from 100 kPa to 300 kPa
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EQUIVALENT LENGTH METHOD

LOSS COEFFICIENT METHOD
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The exhaust, makeup and space are at the same pressure
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Length Equivalent
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320 page  20,2110 Figure Loss Pipe
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1.     Enter the components of the longest run  of ducting beginning with the plenum and ending 
with a diffuser. 
 
 2.    Move to the first branch encountered going from the longest run diffuser to the plenum.  Enter 
the components of this run ending with a diffuser. 
 
 3.    Move to the next branch encountered going towarh the plenum.  Enter the components of this 
run ending with a diffuser. 
 
4.      Repeat 3 for as many branches as the duct  system has. 
  
 
  
     

3

enter the components of the longest run
plenum to diffuser

second entry
branch to diffuser

third entry
branch to diffuser

DUCT SIZING Program



Basic Space Flow Patterns



Group A, ceiling horizontal discharge



Group B, vertical jet discharge at floor



Group C,  vertical spreading discharge at the floor 



Group D,  floor horizontal discharge



Group E, ceiling discharge down



ft/min 230UVelocity,Inlet 1 =

SCALE MODEL TEST DATA



Supply downward at 200 ft/min
inlet temperature= room temperature

CFD CALCULATION



Ansys CFX CFD Code
Particle Tracking
NYSTAR Grant



LOCATION,Chicago Ohare Intl Ap,IL,USA,TMY3,725300,41.98,-87.92,-6.0,201.0
DESIGN CONDITIONS,1,Climate Design Data 2009 ASHRAE Handbook,,Heating,1,-20,-16.6,-25.7,0.4,-19.2,-22.1,0.5,-15.7,12.4,-3.5,11.4,-3.2,4.9,270,Cooling,7,10.5,33.3,23.7,31.6,23,30.1,22.1,25.5,31.2,24.5,29.6,23.5,28.1,5.2,230,23.8,19.2,28.9,22.9,18,27.7,21.9,
TYPICAL/EXTREME PERIODS,6,Summer - Week Nearest Max Temperature For Period,Extreme,7/13,7/19,Summer - Week Nearest Average Temperature For Period,Typical,8/24,8/30,Winter - Week Nearest Min Temperature For Period,Extreme,1/27,2/ 2,Winter - Week Nearest Ave
GROUND TEMPERATURES,3,.5,,,,-1.89,-3.06,-0.99,2.23,10.68,17.20,21.60,22.94,20.66,15.60,8.83,2.56,2,,,,2.39,0.31,0.74,2.45,8.10,13.21,17.30,19.50,19.03,16.16,11.50,6.56,4,,,,5.93,3.80,3.34,3.98,7.18,10.62,13.78,15.98,16.49,15.25,12.51,9.17
HOLIDAYS/DAYLIGHT SAVINGS,No,0,0,0
COMMENTS 1,Custom/User Format -- WMO#725300; NREL TMY Data Set (2008); Period of Record 1973-2005 (Generally)
COMMENTS 2, -- Ground temps produced with a standard soil diffusivity of 2.3225760E-03 {m**2/day}
DATA PERIODS,1,1,Data,Sunday, 1/ 1,12/31
1986,1,1,1,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-12.2,-16.1,73,99500,0,0,218,0,0,0,0,0,0,0,270,2.6,9,9,24.1,2740,9,999999999,40,0.0000,0,88,999.000,999.0,99.0
1986,1,1,2,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-11.7,-15.6,73,99600,0,0,227,0,0,0,0,0,0,0,250,2.6,10,10,24.1,1680,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,3,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-11.1,-15.0,73,99500,0,0,230,0,0,0,0,0,0,0,240,2.1,10,10,24.1,1400,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,4,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-11.1,-15.0,73,99500,0,0,230,0,0,0,0,0,0,0,230,2.6,10,10,24.1,1400,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,5,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-10.6,-14.4,73,99500,0,0,232,0,0,0,0,0,0,0,240,2.6,10,10,24.1,1400,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,6,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-10.6,-14.4,73,99500,0,0,232,0,0,0,0,0,0,0,210,2.6,10,10,24.1,1830,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,7,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-10.6,-13.9,77,99500,0,0,232,0,0,0,0,0,0,0,180,3.1,10,10,24.1,1680,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,8,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-10.0,-13.3,77,99500,43,908,224,12,22,10,1272,873,1226,205,180,2.6,8,8,24.1,2130,9,999999999,50,0.1180,0,88,999.000,999.0,99.0
1986,1,1,9,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-8.9,-13.3,71,99500,236,1415,207,115,397,47,11560,28042,6849,828,190,3.1,0,0,24.1,77777,9,999999999,50,0.1180,0,88,999.000,999.0,99.0
1986,1,1,10,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-6.7,-13.3,60,99500,410,1415,214,244,587,71,24978,51257,10062,1322,220,5.7,2,0,24.1,77777,9,999999999,50,0.1180,0,88,999.000,999.0,99.0
1986,1,1,11,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-5.0,-11.1,63,99400,531,1415,221,341,688,80,35572,64725,11177,1581,210,5.7,0,0,24.1,77777,9,999999999,60,0.1180,0,88,999.000,999.0,99.0
1986,1,1,12,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-3.3,-9.4,63,99300,591,1415,236,364,521,144,38026,50467,16854,2863,220,5.7,6,2,24.1,77777,9,999999999,60,0.1180,0,88,999.000,999.0,99.0
1986,1,1,13,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-2.2,-8.3,63,99200,586,1415,256,231,151,168,25174,14990,18939,3969,230,5.2,10,8,24.1,6710,9,999999999,70,0.1180,0,88,999.000,999.0,99.0

Chicago Weather Tape

infaredNDVtotaldpdb G  G  G  atm P  hum%  T  T
HourDay Month  Year  

LOCATION,Chicago Ohare Intl Ap,IL,USA,TMY3,725300,41.98,-87.92,-6.0,201.0
DESIGN CONDITIONS,1,Climate Design Data 2009 ASHRAE Handbook,,Heating,1,-20,-16.6,-25.7,0.4,-19.2,-22.1,0.5,-15.7,12.4,-3.5,11.4,-3.2,4.9,270,Cooling,7,10.5,33.3,23.7,31.6,23,30.1,22.1,25.5,31.2,24.5,29.6,23.5,28.1,5.2,230,23.8,19.2,28.9,22.9,18,27.7,21.9,
TYPICAL/EXTREME PERIODS,6,Summer - Week Nearest Max Temperature For Period,Extreme,7/13,7/19,Summer - Week Nearest Average Temperature For Period,Typical,8/24,8/30,Winter - Week Nearest Min Temperature For Period,Extreme,1/27,2/ 2,Winter - Week Nearest Ave
GROUND TEMPERATURES,3,.5,,,,-1.89,-3.06,-0.99,2.23,10.68,17.20,21.60,22.94,20.66,15.60,8.83,2.56,2,,,,2.39,0.31,0.74,2.45,8.10,13.21,17.30,19.50,19.03,16.16,11.50,6.56,4,,,,5.93,3.80,3.34,3.98,7.18,10.62,13.78,15.98,16.49,15.25,12.51,9.17
HOLIDAYS/DAYLIGHT SAVINGS,No,0,0,0
COMMENTS 1,Custom/User Format -- WMO#725300; NREL TMY Data Set (2008); Period of Record 1973-2005 (Generally)
COMMENTS 2, -- Ground temps produced with a standard soil diffusivity of 2.3225760E-03 {m**2/day}
DATA PERIODS,1,1,Data,Sunday, 1/ 1,12/31
1986,1,1,1,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-12.2,-16.1,73,99500,0,0,218,0,0,0,0,0,0,0,270,2.6,9,9,24.1,2740,9,999999999,40,0.0000,0,88,999.000,999.0,99.0
1986,1,1,2,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-11.7,-15.6,73,99600,0,0,227,0,0,0,0,0,0,0,250,2.6,10,10,24.1,1680,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,3,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-11.1,-15.0,73,99500,0,0,230,0,0,0,0,0,0,0,240,2.1,10,10,24.1,1400,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,4,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-11.1,-15.0,73,99500,0,0,230,0,0,0,0,0,0,0,230,2.6,10,10,24.1,1400,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,5,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-10.6,-14.4,73,99500,0,0,232,0,0,0,0,0,0,0,240,2.6,10,10,24.1,1400,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,6,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-10.6,-14.4,73,99500,0,0,232,0,0,0,0,0,0,0,210,2.6,10,10,24.1,1830,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,7,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9*_*9*9*9*9*9,-10.6,-13.9,77,99500,0,0,232,0,0,0,0,0,0,0,180,3.1,10,10,24.1,1680,9,999999999,50,0.0000,0,88,999.000,999.0,99.0
1986,1,1,8,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-10.0,-13.3,77,99500,43,908,224,12,22,10,1272,873,1226,205,180,2.6,8,8,24.1,2130,9,999999999,50,0.1180,0,88,999.000,999.0,99.0
1986,1,1,9,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-8.9,-13.3,71,99500,236,1415,207,115,397,47,11560,28042,6849,828,190,3.1,0,0,24.1,77777,9,999999999,50,0.1180,0,88,999.000,999.0,99.0
1986,1,1,10,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-6.7,-13.3,60,99500,410,1415,214,244,587,71,24978,51257,10062,1322,220,5.7,2,0,24.1,77777,9,999999999,50,0.1180,0,88,999.000,999.0,99.0
1986,1,1,11,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-5.0,-11.1,63,99400,531,1415,221,341,688,80,35572,64725,11177,1581,210,5.7,0,0,24.1,77777,9,999999999,60,0.1180,0,88,999.000,999.0,99.0
1986,1,1,12,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-3.3,-9.4,63,99300,591,1415,236,364,521,144,38026,50467,16854,2863,220,5.7,6,2,24.1,77777,9,999999999,60,0.1180,0,88,999.000,999.0,99.0
1986,1,1,13,0,?9?9?9?9E0?9?9?9?9?9?9?9?9?9?9?9?9?9?9?9*9*9*9*9*9,-2.2,-8.3,63,99200,586,1415,256,231,151,168,25174,14990,18939,3969,230,5.2,10,8,24.1,6710,9,999999999,70,0.1180,0,88,999.000,999.0,99.0



BIN WEATHER DATA



 Chicago BIN Data page 603

I II III IV V VI Total
1 am- 4 am 5 am - 8 am9 am - 12 am1 pm - 4 pm 5 pm -8 pm 9 pm - 12 pm

90/94 0 0 15 64 18 0 97
85/89 0 0 64 113 45 0 222
80/84 0 7 131 113 90 21 362
75/79 25 51 114 116 125 81 512
70/74 120 125 131 111 151 167 805
65/69 156 155 88 65 80 143 687
60/64 159 130 78 73 72 103 615

.. 3300

.
Sunday .

Monday

Tuesday

Wednesday B SHIFT A B  SHIFT C

Thursday

Friday

Saturday

Hrs Shift A 0 5 20 20 0 0 45
Hrs Shift B 0 10 0 0 20 0 30
Hrs Shift C 28 13 8 8 8 28 93
Total 28 28 28 28 28 28 168
Fraction A 0.000 0.179 0.714 0.714 0.000 0.000
Fraction B 0.000 0.357 0.000 0.000 0.714 0.000
Fraction C 1.000 0.464 0.286 0.286 0.286 1.000
Total 1.000 1.000 1.000 1.000 1.000 1.000
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cfm

Outside 
Temperature

Q KW

CARRIER 75 483 25.4
48/50 85 468 28.2
Rooftop 95 451 32.6
40 Tons 105 435 36.9

115 420 42
120 412 44.4

KW and CAPACITY  vs OUTSIDE TEMPERATURE
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CARRIER



Outside  
Temperature

SYSTEM   
KW

SYSTEM  
CAPACITY

BUILDING   
LOAD  A

LOAD/  
CAPACITY

POWER

91 31.915155 457.75556 458 1.000534 31.9321976
85 29.406951 467.22222 369.354839 0.7905335 23.247181
80 27.343573 475.11111 295.483871 0.6219258 17.0056744
75 25.305842 483 221.612903 0.4588259 11.6109756
70 23.295119 490.88889 147.741935 0.3009682 7.01108954
65 21.312937 498.77778 73.8709677 0.148104 3.1565306
60 19.361045 506.66667 0 0 0

SYSTEM POWER vs BUILDING LOAD
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DESIGN LOAD, 91 F  458,000 Btu/hr
100 % people,lights,

eqpmt, ventilation     88,000 Btu/hr
10 % people,lights,

eqpmt, ventilation      8,000 Btu/hr

88-0)6(T
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SHIFT A

Outside    
Temperatur
e

Building 
Load A

System  
Capacity System KW Run  

Fraction
POWER  
KW/hr

I II III IV V VI       Total  Hrs
1 am- 4 am 5 am - 8 am9 am - 12 am1 pm - 4 pm 5 pm -8 pm 9 pm -12 pm

92.5 0.00 0.00 10.71 45.71 0.00 0 56.43 480.16 455.39 32.488941 1.0543983 1933.033
87.5 0.00 0.00 45.71 80.71 0.00 0 126.43 406.29 463.28 30.39311 0.8769907 3369.887
82.5 0.00 1.25 93.57 80.71 0.00 0 175.54 332.42 471.17 28.321106 0.7055239 3507.417
77.5 0.00 9.11 81.43 82.86 0.00 0.00 173.39 258.55 479.06 26.27408 0.5397044 2458.752
72.4 0.00 22.32 93.57 79.29 0.00 0 195.18 183.20 487.10 24.213176 0.3761018 1777.417
67.5 0.00 27.68 62.86 46.43 0.00 0 136.96 110.81 494.83 22.260248 0.2239268 682.7213
62.5 0.00 23.21 55.71 52.14 0.00 0 131.07 36.94 502.72 20.296516 0.7959889 2117.564

995.00
SHIFT B
Temperature

92.5 0.00 0.00 0.00 0.00 12.86 0 12.86 400.16 455.39 32.488941 0.8787243 367.0563
87.5 0.00 0.00 0.00 0.00 32.14 0 32.14 326.29 463.28 30.39311 0.7043082 688.0537
82.5 0.00 2.50 0.00 0.00 64.29 0 66.79 252.42 471.17 28.321106 0.5357326 1013.309
77.5 0.00 18.21 0.00 0.00 89.29 0.00 107.50 178.55 479.06 26.27408 0.3727091 1052.703
72.5 0.00 44.64 0.00 0.00 107.86 0 152.50 104.68 486.94 24.253314 0.2149679 795.0868
67.5 0.00 55.36 0.00 0.00 57.14 0 112.50 30.81 494.83 22.260248 0.0622562 155.9069
62.5 0.00 46.43 0.00 0.00 51.43 0 97.86 -43.06

582.14
SHIFT C
Temperature

92.5 0.00 0.00 4.29 18.29 5.14 0 27.71 392.16 455.39 32.488941 0.8611569 775.3924
87.5 0.00 0.00 18.29 32.29 12.86 0 63.43 318.29 463.28 30.39311 0.6870399 1324.47
82.5 0.00 3.25 37.43 32.29 25.71 21 119.68 244.42 471.17 28.321106 0.5187535 1758.278
77.5 25.00 23.68 32.57 33.14 35.71 81.00 231.11 170.55 479.06 26.27408 0.3560096 2161.736
72.5 120.00 58.04 37.43 31.71 43.14 167 457.32 96.68 486.94 24.253314 0.1985389 2202.106
67.5 156.00 71.96 25.14 18.57 22.86 143 437.54 22.81 494.83 22.260248 0.0460892 448.8924
62.5 159.00 60.36 22.29 20.86 20.57 103 386.07 -51.06

1722.86
SEASON COOLING POWER, KW Hr 28589.78
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