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System Pressure Gradient Diagram — Not Balanced
2-Pipe Direct Return
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2-Pipe Parallel Circuits — Direct Return Flow Distribution
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System Pressure Gradient Diagram — Balanced — e
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REMINDER: System Head Loss for Closed Loop Pump Sizing

Parallel Loops
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System Pressure Gradient Diagram — Balanced??

2-Pipe Reverse Return
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xylem

Let's Solve Water

Primary-Secondary - It's all about “The Pressure Drop”
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« Converts a Large Complex System into Smaller Manageable Sub-Systems
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« Converts a Large Complex System into Smaller Manageable Sub-Systems

» Hydraulically Isolates One System from the Other

« Can Provide Thermal Separation
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Pressure Drop in Common Pipe — Valve 50% Closed
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Pressure Drop in Common Pipe — Valve Removed
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When Two Piping Circuits are Inter-Connected,

Flow in One Circuit Will Cause Flow in the Other,

To a Degree, Depending Upon the Pressure Drop in the Piping Common to Both.

o

) 00 00 0 )

{7Bell & Gossett
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When Two Piping Circuits are Inter-Connected,

Flow in One Circuit Will Not Cause Flow in the Other,

If the Pressure Drop in the Piping Common to Both is Eliminated.

Secondary
Circuit
> — >
Primary Pressure Drop Eliminated
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Three to Four Pipe Diameters Between Tees
(Recommend no less than 127)

Head Loss Less Than 1.5 Feet
(Recommend size equal to Primary Supply)

Keep Velocities Low in Secondary Piping
(Recommend 2-4 FPS for air control and noise)

Copyright 2023, Bell & Gossett, a Xylem brand

Primary Supply

Secondary Piping

£Bell & Gossett

a xylem brand



27

Load Load
Primary ? Y
Pump
WS —(S—) >
|- —_— <€ >
S()urce 4 Dia. 10 Dia. /COI;?:;O"
I— WR <€ — €
Secondary
Pump
| oad | oad

Copyright 2023, Bell & Gossett, a Xylem brand

Bell & Gossett

a xylem brand



? Load

14774

Primary-Secondary System

Load

14

I_® —> / '3 y, l)
WS

T Common | l

Pipe Cross-Over
L~ Bridge
Source

I B B B B

WR

<€

Copyright 2023, Bell & Gossett, a Xylem brand

28

Bell & Gossett

a xylem brand




Primary-Secondary System
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From Common Pipe
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Common Pipe
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Continuous Secondary Pump Circulation
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Continuous Secondary Pump Circulation

Secondary Mixing Secondary Diverting/Bypass
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Primary-Secondary Modulating 2-Way Valve Control

Source Pump Variable Speed Control possible
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Constant Secondary Flow
(“On/Off” Pump Control)

Copyright 2023, Bell & Gossett, a Xylem brand
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Constant Secondary Flow

(“On/Off” Constant Speed)

(Integrated Variable Speed)
coovin2Ze@N@<Pumping
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From a Cross-Over Bridge

Primary Secondary
Pump Pump
WS —@—k—— WS =
Y
Source |4 Dia. Load
TI | Injection
- WR <€ Pump <€ WR =

Injection Risers and Pump sized to

Full Load Primary Cross-Over Flow ’
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From a Cross-Over Bridge

_ Injection Riser, Flo-Control, and
Primary  Balance Valve should create at S€condary

Pump  |east 4'-5’ of restrictive head Pump
WS =
\ 4
Load
TI | Injection
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Let's Solve Water

Remember — It's the Law!
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The Flow Rate (GPM) Entering a Tee.....

Must Equal the Flow Rate Leaving the Tee!

! [
- - -Em-

Mixing Tee Diverting Tee

fBell & Gossett
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Primary-Secondary Flow Rates
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Load 1 Load 2 Load 3
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to Secondary Flow

Secondary Secondary

Supply Return
70 GPM 70 GPM
Primary o T 0 GPM T S Primary
Suppl
PPy 20 oPM 70GPM  Return

* No Flow in the Common Pipe
« Secondary Supply Temp = Primary Supply Temp
.o Primary Return Temp = Secondary Return Temp ()Bell & Gossett

a xylem brand
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Secondary Flow

Secondary Secondary

Supply Return
55 GPM 55 GPM
PSrimaIry o T 15(GPM T s Primary
u MRt 33 GG P
PPY 40 gpwm Miing Diverting” 4o gpp et

* “Reverse” Flow in the Common Pipe

« Secondary Supply Temp # Primary Supply Temp (Mixing Tee)

.o Primary Return Temp = Secondary Return Temp (Diverting Tee) (BBell & Gossett

a xylem brand
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Secondary Flow

Secondary Secondary

Supply Return
30 GPM 30 GPM
PSrimaIry R T 15 GPM T X Primary
u P . ’ M ’
PPl 45 GPM “Piverting Wixing” 45 GPM Return

* “Forward” Flow in the Common Pipe

« Secondary Supply Temp = Primary Supply Temp (Diverting Tee)

.o Primary Return Temp # Secondary Return Temp (Mixing Tee) &) Bell & Gossett
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____Secondary Flow

Secondary Secondary

Supply Return
0 GPM 0 GPM
Primary 1 45GPM T
Supply - > >
45 GPM 45 GPM

* “Forward” Flow in the Common Pipe

* No Secondary Flow

brmary Return Temp = Primary Supply Temp

Primary
Return
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B
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Mixing Tee

(Flows x Tempe) = (Flowy x Temp,) + (Flowg x Tempg)

Tempe = (Flowp x Tempyp) + (Flowg x Tempg)

FIOWC
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What is required supply water temperature to secondary load?
What is the design AT across secondary load?
What is the primary supply water temperature?

What is the total Btu/hr required for the secondary?

mo o W »

What is the primary return temperature?

Example: A secondary load of 300,000 Btu/hr requires 55°F
supply water and is designed for a 15°F AT. The primary supply
water from the chiller is 45°F.

What is the required cross-over bridge flowrate?

Copyright 2023, Bell & Gossett, a Xylem brand
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300,000
A. What is required supply water temperature to secondary load?
i i ?

B. Whatis the design AT across secondary load” 55°F (_ 15°F=>|1| 70°F

C. What is the primary supply water temperature? 5]

D. What is the total Btu/hr required for the secondary? ¢ | ﬂ d

E. What is the primary return temperature? 45°F 1 = g u 70°F

; S T

Example: A secondary load of 300,000 Btu/hr requires 55°F C

supply water and is designed for a 15°F AT. The primary supply : 9

water from the chiller is 45°F. | 0

What is the required cross-over bridge flowrate?

Copyright 2023, Bell & Gossett, a Xylem brand Bell & Gossett
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300,000

What is required supply water temperature to secondary load?

i i ?
What is the design AT across secondary load” 55°F (_ 15°F >

What is the primary supply water temperature? 3]
What is the total Btu/hr required for the secondary? t | ﬂ d
What is the primary return temperature? 45°F 1 5 u 70°F

mo o W »

€ )
Example: A secondary load of 300,000 Btu/hr requires 55°F C
supply water and is designed for a 15°F AT. The primary supply : 9
water from the chiller is 45°F. |

What is the required cross-over bridge flowrate?

70°F - 45°F = 25°F AT across the bridge

Copyright 2023, Bell & Gossett, a Xylem brand Be" & GOSSett
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300,000

What is required supply water temperature to secondary load?

i i ?
What is the design AT across secondary load” 55°F (_ 15°F=>|1| 70°F
What is the primary supply water temperature? 3]

mo o W »

What is the total Btu/hr required for the secondary? 4 - ﬂ d
What is the primary return temperature? 45°F 1 = 8 u 70°F
0 } N B N '.5.
Example: A secondary load of 300,000 Btu/hr requires 55°F C
supply water and is designed for a 15°F AT. The primary supply ) 9

water from the chiller is 45°F.

What is the required cross-over bridge flowrate?

70°F - 45°F = 25°F AT across the bridge

Btu/Hr _ 300,000 _ _
500 x AT GPM 500 x 25 = 24 GPM bridge supply from main

Copyright 2023, Bell & Gossett, a Xylem brand Be" & GOSSett
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300,000

500x 15 10 CFM
Flow ¢ x Temp ¢ = (Flow ax Temp a) + (Flow b x Temp b) 300,000
40 GPM o ! 40 GPM
@ 55°F (_15 F_) @ 70°F
4 | u -
24 GPM Ll B
@45F || [l
C iO
S
?
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300,000

=40 GPM
500 x 15 06
Flow ¢ X Temp ¢ = (Flowax Temp a) + (Flow b x Temp b) 300,000
40 GPM o 40 GPM
40 x 55 = (24 x 45) + (16 x 70) @ 55°F (_15 I:_)@ 70°F
2200 = (1080) + (1120) TN ] L=
2200 = 2200 @dsF |\
= 16 GPI 4 GPM
@70°F @ 70°F
7
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Secondary Flow

Secondary Secondary

Supply Return
30 GPM 30 GPM
45°F 15 GPM 60°F
Primary > T 45;F 5 Primary
Supply «“Diverting” “Mixing” Return
45 GPM "’f;e'“g 'Il')::g 45 GPM
45°F 995°F
* “Forward” Flow in the Common Pipe Temp, = 15 x %) :5 DX 55.0°F

« Secondary Supply Temp = Primary Supply Temp (Diverting Tee)

.o Primary Return Temp # Secondary Return Temp (Mixing Tee) &) Bell & Gossett

a xylem brand




Typical Applications

52

Large, diverse systems with high cumulative pressure drops
Different Supply Water Temperatures in zones

Stabilization of Boiler and Chiller flows required

Freeze protection for Air Handling Coils

Copyright 2023, Bell & Gossett, a Xylem brand

Bell & Gossett
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Benefits

« Design “large” primary loop temperature drops (Smaller pump and piping)
« Offers flexibility of Constant or Variable Speed Primary Pump operation
« Can reduce overall system pumping energy

Copyright 2023, Bell & Gossett, a Xylem brand Be" & GOSSett

52 a xylem brand




£9Bell & Gossett

Copyright 2023, Bell & Gossett, a Xylem brand

a xylem brand




	Large Chilled Water System�Design Seminar
	2-Pipe Parallel Circuits
	 2-Pipe Parallel Circuits – Direct Return
	 2-Pipe Parallel Circuits – Direct Return
	 2-Pipe Parallel Circuits – Direct Return
	 2-Pipe Parallel Circuits – Direct Return
	 2-Pipe Parallel Circuits – Direct Return
	 System Pressure Gradient Diagram – Not Balanced
	Slide Number 9
	 System Pressure Gradient Diagram – Balanced
	 REMINDER: System Head Loss for Closed Loop Pump Sizing 
	 
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	 System Pressure Gradient Diagram – Balanced??
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Primary-Secondary - It’s all about “The Pressure Drop”
	 Centralized Pump Sizing: How much pump head??
	 Centralized Pump Sizing: How much pump head??
	 What is Primary-Secondary?
	 What is Primary-Secondary?
	 Common Pipe – Part of the Primary & Secondary Circuits
	 High Pressure Drop Common Pipe – Valve 100% Closed
	Slide Number 32
	Slide Number 33
	 The Fundamental Rule
	 Eliminate Common Pipe Pressure Drop
	 The Fundamental Rule – Restated for Primary-Secondary Design
	 Secondary Pump Required for Flow
	 Common Pipe Design Recommendations
	 One-Pipe Primary-Secondary Systems
	 Two Pipe Direct Return Primary-Secondary System
	 Two Pipe Reverse Return Primary-Secondary System
	 Pumping Away From Common Pipe
	 Pumping Towards Common Pipe
	 Primary-Secondary Application options
	 Primary-Secondary Modulating 3-Way Valve Control
	 Modulating 3-Way Valve Control located in the Secondary Circuit
	 Primary-Secondary Modulating 2-Way Valve Control
	 Secondary Load Options
	 Secondary Load Options
	 Primary-Secondary Injection Pump Systems� 
	 Primary-Secondary Injection Pump Systems� 
	 How about Primary-Secondary-Tertiary?
	Slide Number 53
	Remember – It’s the Law!
	 The Law Of The Tee (Conservation of Mass)
	 Direct Return Primary-Secondary Flow Rates
	 Load 1 – Primary Flow is Equal to Secondary Flow
	 Load 2 – Primary Flow is Less Than Secondary Flow
	 Load 3 – Primary Flow is Greater Than Secondary Flow
	 Load 4 – No Secondary Flow
	 Heat Transfer Between Circuits (Conservation of Energy)
	 Step 1 – Required Cross-over Bridge Flowrate
	 Step 1 – Required Cross-over Bridge Flowrate
	 Step 1 – Required Cross-over Bridge Flowrate
	 Step 1 – Required Cross-over Bridge Flowrate
	 Step 2 – Required Secondary Flowrate
	 Step 2 – Required Secondary Flowrate
	 Example – Primary Flow is Greater Than Secondary Flow
	Slide Number 69
	Slide Number 70
	Questions?�Comments?�Observations?



