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• Assignment 5 is due tonight (optional) – solution will be 
posted immediately 

• If you forget about your contribution page for Project Part 2, 
you should email it to me immediately. Otherwise, your 
project will not be graded. 
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Pump

Flow

• How is the system curve for this one? 
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• System curve can change over time

http://www.frequencyinverters.org/frequency-converter-for-pumps-278604.html

http://www.frequencyinverters.org/frequency-converter-for-pumps-278604.html
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https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1

• Manufacture 1:

https://armstrongfluidtechnology.com/~/media/documents/specifications/submittal-data/4030-base-mounted-pumps/4030-50hz/40-51l_4030_3x1-5x6.pdf?la=en&display=1
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• Pumps in parallel:
q Operate at the same head 
q The total flow rate in the system is the sum of each pump flow rate

Pump

Flow
Pump

Pump

Flow

𝐻 = 𝐻! = 𝐻" = 𝐻# 𝑄$%$&' = 𝑄! +𝑄" +𝑄#
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Determine Building &
Room Heat Loss

Determine Heating Units
Required for Each Space

Determine Type of 
Piping Arrangements

Determine & Locate All 
Piping System Components

Determine Water 
Flow Rates

Determine Piping Sizes

Determine System Head

Determine Boiler (or Chiller) 
Size Required

Determine Expansion Tank 
Size

Select Pump

• Overall design procedure:



Design Procedure
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Find the greatest head loss

Recommend balancing 
valve if needed

• Pump design procedure:

Select (Δ𝑇)

Determine System Head (Pressure Drop ft)

Determine Boiler (or Chiller) Size Required

Select Pump (Manufacturers Datasheet)

Determine Load (Btu/hr)

Determine Flow Rate (𝐺𝑃𝑀)

Consider Piping Layout / Pip Sizes

Form System Curve
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• An example from the campus



Boiler Selection and Head Losses
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• Manufacture 1 (VIESMANN):
q Website Link: https://www.viessmann-us.com/
q Click on the “Product Finder” to select your product:

https://www.viessmann-us.com/


Boiler Selection and Head Losses
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• Manufacture 1 (VIESMANN):
q Review the capacity first range first



Boiler Selection and Head Losses
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• Manufacture 1 (VIESMANN):
q Click on Downloads (e.g., technical data, CAD file, ...)
q Pay attention to specs (e.g., pressure drop, efficiency, capacity, …)



Boiler Selection and Head Losses
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• Manufacture 1 (VIESMANN):
q Pay attention to specs (e.g., pressure drop, efficiency, capacity, …)

https://www.viessmann-us.com/content/dam/public-brands/us/pdf/technical-data-manuals/vitocrossal_200_ci2_tdm.pdf/_jcr_content/renditions/original./vitocrossal_200_ci2_tdm.pdf

https://www.viessmann-us.com/content/dam/public-brands/us/pdf/technical-data-manuals/vitocrossal_200_ci2_tdm.pdf/_jcr_content/renditions/original./vitocrossal_200_ci2_tdm.pdf
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• Manufacture 1 (VIESMANN):
q Some of the links for the CAD drawings and Revit models exist 

here:
q https://www.viessmann-us.com/en/services/downloads/cad.html
q https://www.vitoteam.com/Pages/eng/cad/drawings.php?b1=CU3A

-26&b2=CU3A-35&b3=CU3A-45&b4=CU3A-
57&clean=Y&title=Vitocrossal+300

https://www.viessmann-us.com/en/services/downloads/cad.html
https://www.vitoteam.com/Pages/eng/cad/drawings.php?b1=CU3A-26&b2=CU3A-35&b3=CU3A-45&b4=CU3A-57&clean=Y&title=Vitocrossal+300
https://www.vitoteam.com/Pages/eng/cad/drawings.php?b1=CU3A-26&b2=CU3A-35&b3=CU3A-45&b4=CU3A-57&clean=Y&title=Vitocrossal+300
https://www.vitoteam.com/Pages/eng/cad/drawings.php?b1=CU3A-26&b2=CU3A-35&b3=CU3A-45&b4=CU3A-57&clean=Y&title=Vitocrossal+300
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• Manufacture 2 (Precision Boilers):
q Website Link: https://precisionboilers.com/
q Click on the “Products” to select your product:

https://precisionboilers.com/
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• Manufacture 3 (Weil-McLain):
q Website Link: https://www.weil-mclain.com/products/boilers
q Click on the “Products” to select your product:

https://www.weil-mclain.com/products/boilers


Boiler Selection and Head Losses
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• Manufacture 3 (Weil-McLain):
q For a specific boiler: https://www.weil-mclain.com/products/svf-1500-

3000
q Look at the datasheet: https://www.weil-

mclain.com/sites/default/files/field-file/Weil-McLain_SVF-1500-3000-
TechDataSheet_WM2002-web.pdf

https://www.weil-mclain.com/products/svf-1500-3000
https://www.weil-mclain.com/products/svf-1500-3000
https://www.weil-mclain.com/sites/default/files/field-file/Weil-McLain_SVF-1500-3000-TechDataSheet_WM2002-web.pdf
https://www.weil-mclain.com/sites/default/files/field-file/Weil-McLain_SVF-1500-3000-TechDataSheet_WM2002-web.pdf
https://www.weil-mclain.com/sites/default/files/field-file/Weil-McLain_SVF-1500-3000-TechDataSheet_WM2002-web.pdf
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• Manufacture 4 (Lochinvar):
q Webpage Link: https://www.lochinvar.com/
q Click on “Products”

https://www.lochinvar.com/


Boiler Selection and Head Losses
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• Manufacture 4 (Lochinvar):
q For example, looking into the pressure drop: 

https://www.lochinvar.com/lit/455215KBXII-I-
O_Rev%20AB_100161488_2000013409%20(34739).pdf

https://www.lochinvar.com/lit/455215KBXII-I-O_Rev%20AB_100161488_2000013409%20(34739).pdf
https://www.lochinvar.com/lit/455215KBXII-I-O_Rev%20AB_100161488_2000013409%20(34739).pdf
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• Select one boiler and identify 
q Max capacity
q GPM
q Temperature difference
q Pressure drop
q BIM files
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• Cycle
q Vapor compression
q Absorption 

• Heat rejection 
q Sensible to air
q Evaporative to air
q Water or ground



Chiller Selection

• How many HVAC loops do you see here?

28
Assessing the energy efficiency improvement potentials of HVAC systems considering economic and environmental aspects at the hospitals



Chiller Selection

• The cooling is the most complex one to determine the 
number of loops:
q Do we have a chilled water loop or not? 
q If it is a chilled water loop, do we have an air cooled or a water 

cooled chiller?

29
https://theengineeringmindset.com/chiller-cooling-tower-air-handling-unit-work-together/

https://theengineeringmindset.com/chiller-cooling-tower-air-handling-unit-work-together/


Chiller Selection

• Water cooled vs air cooled chillers

30
https://www.araner.com/blog/difference-between-air-cooled-and-water-cooled-chiller/

https://www.araner.com/blog/difference-between-air-cooled-and-water-cooled-chiller/


Chiller Selection Considerations
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• Peak load
q Size ranges covered by different types vary 

• Load characteristics
q Operating temperatures
q Load variation 

• Energy availability/cost
q Maintenance and reliability 
q Compatibility (retrofit) 
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• The chiller selection process entails the following steps:
1. Determine the cooling load 
2. Consider the outdoor condition 
3. Determine the coolant type (e.g., chilled water with glycol), 

temperature, and flow rate
4. Review the chiller specifications and datasheets
5. Review the performance of the chiller under the selected outdoor 

condition (i.e., capacity (Ton or kW), water flow rate)
6. Calculate the temperature difference between the leaving water of 

the chiller and the return water of the chiller
7. Consider the capacity correction factor in your calculations (i.e., 

anti-freeze factor, power factor, defrosting factor, quiet factor, 
altitude factor)



Chiller Selection
• How do we account for the outdoor air/return fractions 

33

Room

Conditioner

Return

Supply

Exhaust

Outdoor Mixed

𝑞! 𝑚!

𝑞"
𝑚#

𝑟

𝑠

𝑟

𝑜 𝑚

𝑜

𝑚

𝑟𝑠

Can you write the equations? 
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• For example, consider this Samsung chiller:

https://www.samsunghvac.com/DVM-Chiller/DVM-Chiller

https://www.samsunghvac.com/DVM-Chiller/DVM-Chiller


Chiller Selection
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• Determine the cooling load:

qUtilize the cooling load calculation 

qSystem schematic and space conditioning processes 
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• Determine the chiller size, coolant type (e.g., chilled water 
with glycol), temperature, and flow rate

Δ𝑇 = 𝐿𝑊𝑇 − 𝐸𝑊𝑇

𝐵𝑡𝑢
ℎ𝑟

= 𝐺𝑃𝑀×8.33Δ𝑇(℉)

𝑡𝑜𝑛 =
𝐵𝑡𝑢
ℎ𝑟

12,000

Δ𝑇 ℉ =
12,000×𝑇𝑜𝑛
500×𝐺𝑃𝑀

𝑇𝑜𝑛 =
Δ𝑇 ℉ ×𝐺𝑃𝑀

24
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• Look at the nomenclature:



Chiller Selection
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• Understand the performance and power requirements:



Chiller Selection
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• Review the temperature difference and impact of outdoor air 
temperature on the performance:



Chiller Selection
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• Include the impact of correction factors:



Chiller Selection

41https://chillerapps.york.com/chiller-selection-guide

• Let’s look at another manufacturer: 

https://chillerapps.york.com/chiller-selection-guide


Chiller Selection
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• Add the chiller capacity:



Chiller Selection
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• Review the suggested chillers:



Chiller Selection
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• Review the performance data:



Chiller Selection
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• Look at another manufacturer:

https://www.trane.com/Commercial/Uploads/Pdf/1062/cg-prc007-en_0606.pdf

https://www.trane.com/Commercial/Uploads/Pdf/1062/cg-prc007-en_0606.pdf
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• Select one chiller and identify 
q Max capacity
q GPM
q Temperature difference
q Pressure drop
q Documents for using glycol
q BIM files
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• Example of coils

Chilled/Hot Water Coil DX coils

https://www.greenheck.com/products/air-conditioning/hvac-coils

https://www.greenheck.com/products/air-conditioning/hvac-coils


Coil Selection
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• Example of coils

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf
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• What are important variables?
q Coil face area

q Number of rows of tubes

q Tube diameter

q Number of fins

q Fin surface design

q Coil circuiting

q Turbulators

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf

https://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/continuing-education-gbci-aia-pdh/HVAC-Coil-Selection-and-Optimization/APP-CMC054-EN_course%20material.pdf
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• ASHRAE Chapter 23: Systems and Equipment



Coil Selection
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• There are too many coil sizing tools:
q GreenHeck: https://www.greenheck.com/resources/software/coil-

software-selection-program

q CoilCalc: http://www.coilcalc.com/

https://www.greenheck.com/resources/software/coil-software-selection-program
https://www.greenheck.com/resources/software/coil-software-selection-program
http://www.coilcalc.com/
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• For GreenHeck:



Coil Selection
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• For GreenHeck:



Coil Selection
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�̇� = �̇�𝑐!Δ𝑇

• Let’s look at some simple strategy

• Sensible heat transfer from any fluid can be written as:

�̇�"#$ = (𝑆𝐶𝐹𝑀)(1.08)(L𝐴𝑇 − 𝐸𝐴𝑇)

𝑆𝐶𝐹𝑀 = 𝐴𝐶𝐹𝑀 ×(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑎𝑖𝑟
𝑙𝑏
𝑓𝑡%

/0.075
𝑙𝑏
𝑓𝑡%

)

• For air, we can write:
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�̇� = �̇�𝑐!Δ𝑇

• Let’s look at some simple strategy

• Sensible heat transfer from any fluid can be written as:

�̇�&"'($ = (500)(𝐺𝑃𝑀)(L𝑊𝑇 − 𝐸𝑊𝑇)

• For water, we can write:
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�̇�!"#$% = 𝑈&'$%"((×𝐴×Δ𝑇)*+,

• Consider a little bit more complicated approach (e.g., Log 
Mean Temperature Difference (LMTD)):  

Δ𝑇)*+, =
Δ𝑇- − Δ𝑇.

ln Δ𝑇-
Δ𝑇.

1
𝑈$%&'())

=
1

ℎ!$%,(+' + ℎ!$+),(+'
+

1
ℎ#(,&'

+
𝑡!$+)
𝑘!$+)

Not Needed!
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• Common numbers for the pressure drops are fine:

https://content.greenheck.com/public/DAMProd/Original/10006/GreenheckCoils_catalog.pdf

https://content.greenheck.com/public/DAMProd/Original/10006/GreenheckCoils_catalog.pdf
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• Constant-flow primary distribution with secondary pumping:



Primary and Secondary Systems

62

• Compound pumping 



Primary and Secondary Systems
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• Constant flow chilled 
water system

• Variable flow chilled 
water system
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• Simplified two pipe 
diagram

• Simplified four pipe 
diagram (common loads)
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• Account for all the head losses 

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/
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• Account for all the head losses 

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/
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• Account for all flow rate (both chiller and boiler)

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/

https://www.daikinapplied.com/o365/api/graphapi/GetDocument/Doc100/CAT_565-2_Vision_107-169_AH-Ext.pdf/
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• Make sure to adjust your flow rate (i.e., chiller or boiler) 
based on the requirements of boilers, chillers



Other Items
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• Add descriptions:
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• The usual sequence of heating system equipment is the 
boiler, expansion tank and pump 

Boiler P

Expansion
Tank

• The one location where the absolute pressure stays constant 
is at the “expansion tank”



Design Procedure
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• The usual sequence of cooling system equipment is the 
expansion tank, pump and chiller

Chiller

P

Expansion
Tank

• If the expansion tank is placed after the pump, the outlet 
pressure remains constant and the inlet pressure drops, 
which may cause cavitation 
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• Point of no pressure change for the expansion chambers:
q The system connection of an expansion is known as “the point of no 

pressure change”

q The pressure will always have the same as the pressure inside the 
tank

q This is true if the tank is a plain steel or bladder/diaphragm type

q This is also true whether the system pump is on or off

q This pressure is only changed as water or air are added to or removed 
from the tank
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• Problem: Size the pipe for the system shown below. The lengths shown 
are the total equivalent lengths for the section exclusive of the control 
valve. Specify the primary pump performance requirement. 
q Pipes are Schedule 40

Path GPM Control valve 
head loss (ft)

A 60 40

B 70 50

C 70 50

Source: McQuiston et al. Heating, Ventilating, and Air Conditioning, 5th Edition



Extra Example 1
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• Solution: Add numbers to the sections

Source: McQuiston et al. Heating, Ventilating, and Air Conditioning, 5th Edition

1

45

2 3

6
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• Solution:

Source: McQuiston et al. Heating, Ventilating, and Air Conditioning, 5th Edition

Section Component Flow Rate Pipe size
Pipe Head 

Loss
Total Pipe and Fitting. 

Equivalent Length
Fitting/Pip

e ΔP

(gpm) (in) (ft/100ft) (ft) (ft)

1-2 Pipe/fittings 200 4 2.4 200 4.8

2-3 Pipe/fittings 140 3 4.2 200 8.4

3-4 Pipe/fittings 70 2 ½ 3.5 240 8.4

Control Val. C Control Val. C 70 n/a n/a n/a 50 (Given)

4-1 Pipe/fittings 200 4 2.4 400 9.6 

81.2

2-5 Pipe/fittings 60 2 ½ 2.5 24- 6

Control Val. A Control Val. A 60 n/a n/a n/a 40

5-4 Pipe/fittings 140 3 4.2 200 8.4

54.4

3-6 Pipe/fittings 70 2 ½ 3.5 40 1.4

Control Val. B Control Val. B 70 n/a n/a n/a 50

51.4
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• Example: A closed constant flow two-pipe water system might be found 
an equipment room. The terminal units, a, b, and c are air handling units 
that contain air-to-water finned tube heat exchangers. An actual system 
could contain a hot water generator or a chiller; A chiller is to be 
considered here. Size the piping and specifying the pumping 
requirements.

Unit �̇� (𝒈𝒑𝒎) Lost 
head 
(ft)

𝒄𝒗 3-
way
values

Chiller 60 14 --

a 30 15 25

b 20 10 18
c 10 10 8

Parentheses are length in ft
Assume commercial steel, Sch 40
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Solution:
• Since it is a mechanical room a higher velocity could acceptable 5 

ft/s and assume maximum loss to be 7 ft per 100 ft in the main

• Calculate the sizing pipes 
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Pipe 
section 
No

Flow 
rate 
(gpm)

Nominal 
size (in)

Fluid 
velocity 
(ft/s)

Lost head 
per 100 ft 
(ft/100 ft)

Pipe 
length 
(ft)

Fittings 
equival
ent 
length 
(ft)

Total 
length 
(ft)

3-way 
valve 
head 
loss (ft)

Total 
head 
loss (ft)

8-1 60 2 ½ 4.0 2.6 55 20 75 -- 1.95

2-3 60 2 ½ 4.0 2.6 35 30 65 -- 1.70

3-4 30 1 ½ 4.8 6.5 10 5 15 -- 0.98

7-8 30 1 ½ 4.8 6.5 10 5 15 -- 0.98

4-5 10 1 3.8 6.5 10 18 28 3.6 5.42

6-7 10 1 3.8 6.5 16 16 32 -- 2.08

4-7 20 1 ¼  4.0 6.2 6 39 45 2.9 5.69

3-8 30 1 ½ 4.8 6.5 6 34 40 3.3 5.90

Chiller 60 -- 14.0

Unit a 30 -- 15.0

Unit b 20 -- 10.0

Unit c 10 -- 10.0
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Solution:

• The lost head for the three parallel circuits that begin at 3 and end at 8 
using the following are

𝐻! = 𝑙-. + 𝑙./+ 𝑙!+ 𝑙01+ 𝑙12 = 0.98 + 5.42 + 10.0 + 2.08 + 0.98 = 19.46 𝑓𝑡

𝐻3 = 𝑙-. + 𝑙.1+ 𝑙3+ 𝑙12 = 0.98 + 5.69 + 10.0 + 0.98 = 17.65 𝑓𝑡

𝐻( = 𝑙-2 + 𝑙( = 5.69 + 15.0 = 20.9𝑓𝑡
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Solution:

• Among the three parallel paths, they have different head losses with the 
specified flow rates for each coil

• To balance out the required flow rates, paths b and c require some 
adjustment using balancing valves to increase their lost head to that for 
path a, 20.9 ft

• A pump to produce 60 gpm at about 39 ft of head is desirable

𝐻4 = 𝑙25 + 𝑙./+ 𝑙!6+ 𝑙7-+ 𝑙-2 + 𝑙( = 1.95 + 14.0 + 1.70 + 5.9 + 15.0 = 38.55 𝑓𝑡


