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Chapter 10- Hydronic Piping Systems 

Heating system       cooling system            (water)    heat transfer              
                     “Hydornic”                                                                        
                                      ဝ       campus facilities    ႔      ႔                         
       (large-scale commercial buildings)                        chilled water system(cooling      ) 
      steam    ႔      hot-water system(heating      )                 hydornic system      
            

၁၀.၁ Components in a Hydronic System 

 

 
Hydronic system            ဝ      components         
 (၁) Pump 
 (၂) Load 
 (၃)  Control valve 
 (၄) Balancing valve 
 (၅) Source 
 (၆)  Air removal system       
 (၇) Expansion unit    ႔         

 
    ၁၀-၁ Hydronic system       

၁၀.၂ Hydronic Piping System                

Hydronic system                      steam    ႔      hot water       chilled water (၂)              
               (atmosphere)           ႕ ႈ                       closed system       open system         
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    ၁၀-၂ Cooling hydronic system     ၁၀-၃ Heating hydronic system 

  
    ၁၀-၄             Closed system     ၁၀-၅               Open system 

Closed water system              (pressure)              (temperature)   ႔                       
               

Closed Water Systems                 (Pressure)         (Temperature) 
Low Temperature Water(LTW)                  160 psi                     250°F 
Medium Temperature Water(MTW)                  160 psi 250°F     350°F        
High Temperature Water(HTW)                  300 psi                     350°F 
Chilled Water Systems(CWS)                  120 psi 40°F    55°F(44°F    45°F) 

 
Hydronic piping system                                                                    
 (၁) Two pipe system 
 (၂) Three pipe system 
 (၃)  Four pipe system 

Direct return system       Reverse return system         return                   
                             Primary       secondary system            ႔                               
           

Two pipe system           (၂                          (၁            supply                     
                   return               Heating       cooling                                             



             ႔                                                                Chapter-10 Hydronic Piping Systems 

                                                                                                                           10-3 

  

    ၁၀-၆ Two pipe system     ၁၀-၇ Two pipe system             valve      

  
    ၁၀-၈ Three pipe system     ၁၀-၉ Three pipe system             valve      

၁၀.၃ Four Pipe System ၏               

               heating       cooling                                     ၏         (individual zone 
temperature)    control                

( ) Spring and Fall season      ၌ chilled water       hot water    ႔                              

( )                                                                                      
heating            ႔      cooling                 ႔                 

(ဂ)  Fan speed                                                            

  (water)                                   (cheap)              ၲ             (nontoxic)       
                  (   -                        ႔                           (solid)      (liquid)       
           ႕(gaseous)                           

    (ice)     cooling system          cooling effect                            
(storage)                          (၁           144 Btu(335 kJ/kg) cooling effect               
                          (၁                                 (constant temperature)              
         (melting)           144 Btu                        (Heat energy)                    

Saturated steam      heating operating    ႔      heating system                       Steam 
၏ latent heat of vaporization     steam ၏      (                                       (၁        
(1 lb)        steam              (atmospheric           condense(      )          970 Btu 
             (2256 kJ/kg of steam)           (liquid)            heat transfer medium       
                                                                                                
         System       ၏                   heating operation           cooling operation         
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    ၁၀-၁၀ Pipe c/w two coil 4 Pipe c/w one coil      ၁၀-၁၁ Four pipe system 

       system               heat carrier                                  ဂ      ၲ     
                 (  ႔                        ၏  ဂ      ၲ                   ) 

Hydronic system         heat transfer system                                   (high 
temperature           (heat)    ႔                                                  (low temperature)   ႔ 
                     (heat)             ႕         system         “hydronic system”           
             chilled water system   hot water system        ႕         

 Hydronic system                                                           
           ၏ဂ            (properties of water)          (pressure distribution)      flow        ႔          
                     hydronic system     ၏ properties                                     
                        hydronic system     ၏ ဒီဇုိင္း ပုံစံ ထုတ္ျခင္း တုိ႔ျဖစ္သည္။ 

 
    ၁၀- ၁၂( ) Two-pipe direct return system ( ) Two-pipe reverse system 
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    ၁၀-၁၃ Primary –Secondary System Source 

၁၀.၄ Properties of Water    ၏ဂ           ) 

                                 ႕(expend)         ၏        ႕(expend) ႈ       
          (researchers)   “            “                                          သည္ 
         39.2°F(4°C)    ႔                ၏         (density)                        

 Hydronic system                      ႈ   (flow)                                        
Gallons Per Minute(GPM)               ဂ                                     ႔      liter per 
second(L/s)      ၠန္႔လ်ွင္ လီတာ မည္မ်ွ စီးဆင္းေနသည္၊ လည္ပတ္ေနသည္ ဟု ေဖာ္ျပသည္။ 

       compressible fluid                                                   
expansion                            Closed system                                expansion       
                        ႔                           ႈ                           

Pipe arrangement                       (၄)                        

(၁) Single loop (၃)  Two pipe direct return       
(၂) One-pipe main (၄) Two pipe reverse return    ႔          

( ) Single Loop 

Terminal unit                          (serie)                                  “ eries loop” 
                       

 
    ၁၀-၁၄              series loop piping system              (a)Isometric Drawing          
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    ၁၀-၁၅ Split series loop piping system (a) Isometric (b) Schematic 

 
 

    ၁၀-၁၆     ၁၀-၁၇ 

 
    ၁၀-၁၈ 

Two direct return system  

 

 

    ၁၀-၁၉     ၁၀-၂၀ 
Two-pipe reverse return system(a)Isometric- two pipe reverse return to a number of building(B) 
Schematic 
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    ၁၀-၂၁  

 

 

    ၁၀-၂၂ Three pipe system  

၁၀.၅ Water H                

                                        valve                                water 
h                                        fluid         ၏ velocity     valve                       
velocity head    pressure head         ႔                                 pressure wave       
                pressure wave        ၏          ႈ    sonic speed  4860 ft/s(               valve ၏ 
                          valve      ႔                               valve         ဝ               
pressure wave                ႔                 valve                                               
               (                  )                    

    ၍                             pressure wave   valve                            
water hammer                                                                       ႈ                
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၁၀.၆                          

                   ႈ                (poor inductor)                               
                ၍                                        ႔ (hot water layer)              
         ၏                                  ၏                                                
  ၏             ႔                       ႔              (hot water)             

      (cold water layer       ႔                        b                             
                           ၏                                                                           
              ႔                                               ႔                                   
                                       “Stratification”           

                        ႈ     

Hydronic system                                                                    
                   ႔                                       ႔                               ႈ     
                  

Condenser water pump                                           
               (oversize)      

                      chiller plant room                (Basement)                 
cooling tower                 (roof top)                 Cooling tower    condenser 
water(CW)                 (gravity)                   Basement     pump ၏ suction               ႔ 
                 ႔                                                         Pump ၏ head           
roof top     cooling tower    ႔                    ႔         ႔          ၏ friction losses       
                                               ႔        over size pump                  
                         Chilled water pump                                        pump 
                    

         ၏        ၍ chilled water pip friction                           chilled water 
    basement     chilled water pump          ႔               (gravity)                         
   ႔                                                                      Chilled water circuit            
                     friction losses                                         chiller water pump     
                           pump                                   

၁၀.၇           (                    

                  vapour  bubble                              ၌                               
                         Air con system                                 velocity limit     8 ft/s(2.4 
m/s             ႔                                                                (noise)                   
                 (erosion)          ၍                                         (noise)                  
erosion                          (noise)                             pump ၏ impeller                     
                    ၥ                                        

Hydronic system                                                                            (flow 
resistance)                                                                       (resistance)    
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            ႈ(pressure drop)                            ႈ(pressure drop)        ၏       (height 
of liquid column                        Head loss                           

                                  ၏                      
( )            pump ၏           pump head                                  pump head     

  ၀                   ႔      Head loss                   point             ၍              

( ) System                       flow condition                                             
                                    ႈ     (flow rate)                . 

(ဂ)  Automatic control valve                                (information)             
minimum pressure drop at design flow rate  control valve ၏ CV          low load condition      
                                (differential pressure)    ႔        . 

Pipe system           pipe friction       fitting loss   ၍                   Head loss                     
                                              fluid ၏ temperature 

၁၀.၈ Flow                

Fluid                                        laminar flow (low velocity)     ႔      turbulent (h    
                           

 

Limner flow             fluid                   
                               ႔၏                     
                                                                  
                                         

Turbulent flow           particle         
                                                                 
                     ႈ                           

Low velocity(limner flow)   ၍            ၍     high velocity(turbulent flow)   ၍     
       ၍                   ၌ velocity of transition         critical zone                     critical 
zone(velocity of transition)             velocity            low velocity(laminar flow          critical 
zone(velocity of transition)              velocity                High velocity(turbulence flow)     
         

   
Laminar Flow(Re < 2000) Disturbed Turbulent Flow  

(Re >2000 and Re <4000) 

Disturbed Turbulent Flow 
(Re>4000) 

Flow                         velocity profile                                                
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   ႔        laminar flow    ႔      
turbulence                                     
critical zone(velocity of transition)               
           

Critical velocity          ၏ internal 
diameter       fluid ၏                    ႈ        
Reynolds numbers(Re)၏               flow            
                                                    
            

Reynolds number(Re) 2100              laminar flow          
Reynolds number(Re) 4000              t                       
Reynolds number(Re) 2100       5000          t                        

 Reynolds number           

    
     

 
 

where V = Velocity ft/s(m/s) 
 D = Internal pipe diameter, ft(m) 
 μ = Dynamic viscosity lb/ft.s(Pu.S ) 

  (water)                Re     
(IP unit ) (SI unit ) 

       
     

 
        

     

 
 

     -                                          ၏          220 mm(diameter)         
                         velocity                       Air properties table             ၍ Re     
            =                  Re= 420,000                              ၏                 
              

၁၀.၉ Laminar flow 

                     laminar flow                         Laminar flow                    (low 
resistance)      Horizational pipe              laminar flow(                           stratification       
                                          -                  ၏            (               
                  ႈ                                                      ၏                       
          ႈ                                                     ဤ      ႔                       laminar 
flow         stratification                                            hydronic system              
                   

Head loss calculation          ႈ                 laminar flow              system         
   ႕              Oversize pipe       equipment             laminar flow                  Future 
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expansion                            capacity)      oversize                          laminar flow 
            

   ႔        hydronic system           full load condition           minimum load condition 
          laminar flow ၏                                                       

၁၀.၁၀ Turbulence Flow 

    ႕        ဝ         (city water distribution)                                                
                   ႔                       ႔ once-through cold water distribution network           
Hazen-William formula                           Hazen-William formula     hydronic circuit      
                                      resistance head loss                  formula     “Darcy 
Weisbach equation”          Darcy Weisbach equation     uniform diameter                           
    ၍          ႔                          (uniform pipe                           ၏ Head loss 
   ႔        ၍                             (pipe size)                              (straight pip)      
                 Valve    ႔      elbow       pipe fitting                       

 Darcy-Weisbach equation                      ၀                                                         
               valve       fitting     ၏                          
H = Straight pipe ၏ friction loss + valve fitting     ၏ friction loss 
        

                                   
 

 
    
  

  
 

                       𝐩𝐢𝐩𝐞 𝐢  𝐢      
  

  
 

  
 

 
    
  

  
   

  

  
 

 

F= friction factor given by the Colebrook equation  
L= length of pipe run, ft(m ) 
D = internal pipe diameter, ft(m) 
K = sum of the resistance coefficient(k)for the valve and fitting installed in the pipe run 

(၁) Friction factor               Colebrook ၏ equitation                            

(၂)   
 

 
    
  

  
၏                    calculator                             

 
 

         (၂)            straight pipe friction                  chart                  
                                              Straight pipe friction                                    
      ဝ           ft per 100 ft    ႔                                        ၸ       -              
     ၏       200 ft                 pipe friction(ft)                                      

     -pipe size(6”        flow rate(350 GPM)             chart                              velocity 
4 ft/s       straight pipe friction loss 0.9 ft per 100 ft                             (၁၀၀)           
      0.9 ft pipe friction             ၍                              (၅၀)                           
         chart     closed system                                        

Straight pipe friction loss             (temperature)                            ႈ        
glycol-water mixture       same chart                                (error)                  Chart 
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၏ temperature range     40    400°F(4 to 204°C)                                          -       -
                        Dorcy-Weibach equation             ၍                                            
           

 

K factor     pipe friction manual                    valve       fitting             (manufacturer) 
                                  

                              
  

  
 

H       V             k ၏                               

         
  

  
 

                                                   valve        fitting                           
            ၍ straight pipe friction loss                  chart                

 

      - (၁၂)             globe valve         ႈ   (flow rate) (GPM 4000 or 252 
L/s)                               k-factor                Equivalent pipe length 336 ft(102 m)      
           k-factor = 5        ၍ 

         
  

  
 

                     equivalent pipe length 336 ft(102 m)          z    ”       flow 
4000GPM(252 L/s)            ၍ closed system & schedule 40 pipe chart                   

၁၀.၁၁                                          (Basic of Pipe Sizing) 

 

                             (larger pipe)မ်ားတြင္ currying capacity                  cross 
sectional                                      (high velocity)                                  Fitting loss 
                              

Distribution system          straight pipe loss     total head loss ၏ 80%                 Valve 
      fitting loss     20%    10%                 Pipe system                                           
                   (pipe size)                             

Valve       fitting friction loss     fluid ၏ properties       pipe ၏ properties    ႔      
              Fluid                                     ၏ internal surface                     
               valve and fitting friction loss ၏                          Valve       fitting ၏ 
geometry                                             ႔                          size       geometry 
              friction coefficient(k)                    “k factor”               

              flow rate            Pipe ၏ internal diameter             fluid 
velocity              friction loss                                         ႈ               
     ႈ   ႈ(friction loss)                   
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1997 A              -                                         (pipe sizing)        
• M                               ”  
• Suggested 4 ft/sec v                              ”                    

Central plant room        valve       bend       fitting               ႕              Central plant 
room                      (straight pipe)                            

Hydronic pipe system                                      (၂)                                   
                        z                               detail head loss calculation         z           
                ႔         

၁၀.၁၂                      Friction Loss      

Friction losses                                          (velocity)                 
                                                                               ႈ            
                                  pipe    ႔                                                

Pressure drop equation 

                            flow ၏                                           ႈ (pressure drop) 
    Darcy-Weisbach equiation                               

    (
 

 
)  (

   

 
) 

IP       
Δ  =              (ft) 
f= friction factor – dimensionless(from 
Moody Chart) 
L=Length of pipe(ft) 
D = Internal diameter of pipe(in) 
ρ =                                    
V =average velocity ft/s 

SI       
Δ  =              (Pa) 
f= friction factor – dimensionless(from Moody Chart) 
L= Length of pipe(m) 
D = Internal diameter of pipe(m) 
ρ =                                       3 
V =average velocity m/s 

                  (equation)                    (energy form)                                                
 

   
  

  
   (

 

 
)  (

   

 
) 

Δ =           (m) 
g = acceleration of gravity , m/s2 

Darcy-Weisbach Equiation          (fluid)               ႔      duct                          
                           ႈ (pressure drop)                                                   
           ႈ  ႈ(pressure drop)        (fluid)    ၏           ႈ    (f                              
Darcy-Weisbach equitation     fully developed flow                                

Hydronic system     ၏                                0.5 to 3 ft  per 100 ft    ႔     (5 
mm to 30 mm per m)         ၍                                                    friction loss 
    5 ft per 100 ft                                                  
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           ႈ  ႈ(pressure drop)              friction factor  pipe ၏             ၏               
(diameter)                 fluid ၏          (density)                      fluid ၏        ႈ   (velocity) 
   ႔                    Friction factor ၏                               ဂ                     

 

 

Friction factor ၏                            ၏       ႈ      ႈ  pipe ၏              (diameter)  
Reynolds Number               )       friction ၏ dynamic viscosity    ႔                          
                           ဂ                                          ႈ                              
ဂ                                    

Air conditioning system                         (၂)              Schedule 40 pipe       
Galvanized Iron Class C (Class C GI pipe)    ႔             ႔        chilled water       schedule 40 pipe 
ဂ                                                     ၏       ႈ      ႈ                    (diameter)  Reynolds 
Number               )      friction ၏ dynamic viscosity                                     
              

                             closed system                Closed system     chiller 
water circuit    ႔      chilled water                                                        s           
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              Design criteria         (၁၀၀)                   friction loss 3 ft                
         Fluid၏        ႈ   (velocity)     10 ft/sec                             

        ဂ            (diameter) (၁)                        ႈ   (flow rate) 7 GMP     
                                                      2.4 ft/s                  (diameter) (၂)     
                   ႈ   (flow rate) 40 GMP                                                       (velocity) 
    3                    
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                                             chilled water    ႔      condenser w     
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       ႈ                                    pressure drop ၏        ႈ              D                
                 M&E e                              r                         3                      
                                                                             ႔                      
             10 ft/sec(3                     
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၁၀ ၁၃ Pump Sizing Example (Open System)  

 
    ၁၀- 

    -                                                                                          
Water flow rate =  450 CMH 
Pipe diameter = 300mm  
Pipe length = 100m  
Number of Valves = 6(Gate Valves, fully open) 
Number of Strainers = 2 take pressure loss to be the same as for the fully open 

globe valve 
Number of pipe bends = 15(90 Deg Standard) 
Pressure Drop across Heat Exchanger  5 m 

          pump h                     Friction Losses       Dynamic losses                    
                              
Friction Losses     pipe size(                                  pipe material    ႔                  
Dynamic losses     changes in flow area(                                          obstructions 
   ႔                    

Friction losses     ASHRAE Handbook - Fundamental ၏ friction loss for water in commercial 
steel pipe chart                                         Formula                           

( ) Pipe d                          ႔               ႔   ႔                       Pipe Diameter 
3                                   

( ) Water Flow rate = 450 CMH = 125 L/s - Volume Flow Rate(                          
                                   =      M  =                                           

                                   (point                             pressure drop (           
                     70Pa/m Pressure D                          =               =             
Friction Losses.     3                    L/s - volume flow r              v                              
                     ႔                                      (                                 
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Dynamic losses  
Number of Valve = 6(Gate Valve, fully open)  
Number of Stariner = 2(take pressuer loss to be the same as for fully open globe valve)  
Number of pipe bends = 15(90 Degree Standard elbow)  

 
(         Open Gate Valve (၆)   ၏             ႈ  pressure drop)          
Number of Valve = 6(Gate Valve, fully open)  
Fu                      ၏                              300mm                  0.05          

                                                                   
(        ) 

 
 

Pressure drop for fully opened gate valve = 0.05 x 1000 kg/ cu m x 1.7 m/s x 1.7 m/s/ 2  
                                                           = 72.25Pa/Gate Valve  
F                            ၏             ႈ (pressure drop)                       
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           6 Valves x 72.25Pa/Gate Valve = 433.50Pa for 6 no. of fully opened gate valve 
 
(            (၂)   ၏             ႈ (pressure drop)          
(        ၏                   fully opened globe valve ၏                                    
           
Number of Strainer = 2  
                         ၏                              300mm                  0.24          

                                                                    
(        ) 

 
 

Pressure drop for fully opened globe valve = 0.24 x 1000 kg/ cu m x 1.7 m/s x 1.7 m/s/ 2  
                                        = 8236.5Pa/ globe valve 

fully opened globe valve    ႔                    ၏                   3 6                
             Strainer x 8236.5Pa = 16473.00 Pa for 2 no. of Strainer 
 
(ဂ           (Standard    ႔       Regular) (၁၅)   ၏             ႈ  pressure drop)         
Number of pipe bends = 15(90 Degree Standard elbow)  
Pressure drop for Regular(                ၏                              3                          
          
 

                                                            
(        ) 

 
 

   Pressure drop for standard 90° elbow = 5.7 x 1000 kg/ cu m x 1.7 m/s x 1.7 m/s/ 2  
                                                          = 346.8 Pa/ elbow  
Standard 90° e          ၏             ႈ  pressure drop)     3 6                
  ႔            elbow x 346.8 Pa/ elbow = 5202 Pa for 15 no. of standard 90° elbow 

 

 Pressure losses across heat exchanger= High of Water(H) x Density of Water x G  
                                                       = 5m x 1000 x 9.8m = 49,000 Pa  
Cooling tower static head                  = High of water(H) x density of water x G  
                                                       = 4m x 1000 x 9.8m = 39,200 Pa  
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           pipe diameter                  

( ) Chart                                                    ႈ (Design Pressure Drop) (   ႔      
Friction loss)          (၁)           150Pa(150Pa/m)                                150Pa/m 
design pressure drop    (1.5ft/100ft)                              1.5ft of water 
pressure drop               

( ) Water Flow rate = 450 CMH = 125 L/s 

(ဂ)  Pressure drop                                        Volume flow rate(L/s)           
                             150Pa/m                       125 L/s                       c     
               pipe diameter                  

-End- 
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