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Fluid Dynamics 
Valves 
 

 

 

 

 
  

 
 
 
 
 
 
 

      

            
 

         
 
 
 
 
 
 
 
 
 

 
 
 
                                   

 
 
 
 
 
 
 

                    

                                        
 
 

 
  

Pressure Regulators 

are usually globe 

valves 

Lift 

Check  

Globe 

Gate 

Swing  

Check  

Spring Check  

Diaphragm 
Stem pushes down on  

rubber gasket 

Ball 

Butterfly 
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A Solenoid is an electric actuator:  electricity creates a 

temporary magnet pushing the permanent magnet down. 

Actuators remotely open and close valves Manual override 

Motorized actuators close slowly, 

avoiding water hammer 
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Water Hammer: Valve Induced 
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Backflow Prevention 
 

  

Q.: How often does the backflow prevention assembly 

need to be tested? 

A.: On installation and at least once a year thereafter by 

a licensed backflow tester. 

 

Backflow means the undesirable reversal of flow of a 

liquid, gas or solid into the potable water supply. 

Back-siphonage occurs when higher pressure fluids, gases, 

or suspended solids move to an area of lower pressure 

fluids. 

 

Symbol 
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Pumps 
 

 

 

 

 

              

                            

 

 

 

  

Peristaltic Chemical Feed Pumps 

Pinch process does not lose prime, but 

tube needs to be replaced periodically 

Speed: 

How often 

Stroke: 

How deep 

Chemical Feed Pumps 

Chemical 

injection 

quill 

Check 

valve 
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!ƭǎƻ ŎŀƭƭŜŘ ŀ άŎŀƴ pumpέ 

(like a tin can) 

Parallel Connection:  
flow increase constant pressure 

 
Series Connection: 

pressure increase constant flow 

Feed Water Pumps 

Vertical Multistage 

(multiple impellers) 

Feed Water Pumps 

Horizontal Screw Feed Water Pumps 
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Water Flow Dynamics and Electricity Correlation 
 

 

 

 

 

 

 

Volts measure how hard the electricity is pushing (Electrical Force) 

Amps measure current, or how much electricity is flowing [Ah = Amp-hours] 

Watts measure how much electricity is going through the circuit (Power) 

Ohms (ɋ) measures Resistance 

 

 

 

 

 

 

 

 

 

 

  

Parallel: 

Amps increase, volts stay the same   

Note correlation 

tǊŜǎǎǳǊŜΥ Ǉǎƛ Ҧ ±ƻƭǘǎ 

CƭƻǿΥ ƎǇƳ Ҧ !ƳǇǎ 

IȅŘǊŀǳƭƛŎ It Ҧ ²ŀǘǘǎ 

 

252 calories = 1 Btu 
 

1 ft3 ÏÆ ÎÁÔÕÒÁÌ ÇÁÓ Ђ ρπςπ "ÔÕ 
 

1 kilowatt·hr (kwh) of electricity = 3413 Btu 
 

ρ ÐÏÕÎÄ ÏÆ #ÏÁÌ Ђ ωȟςππ "ÔÕ 
 

ρ ÐÏÕÎÄ ÏÆ ÇÁÓÏÌÉÎÅ Ђ ρτȟσππ "ÔÕ 
 

ρ ÐÏÕÎÄ ÏÆ ÄÉÅÓÅÌ ÏÒ ÆÕÅÌ ÏÉÌ Ђ ρφȟπππ "ÔÕ 
 

1 Therm = 100,000 Btu 
 

1 Dekatherm (DTH) = 1,000,000 Btu 
 
 0.293 Watts = 1 Btu/hr 

Series: 

Volts increase, amps stay the same   

http://en.wikipedia.org/wiki/%CE%A9
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Psi 
Vapor Pressure  Vapor Pressure 

Vacuum 

0 

Evaporation or 

Vaporization 
Vaporization > 

Condensation 

Vaporization = 

Condensation Equilibrium 

Saturation Point 

(Equilibrium) changes with 

Temperature and Pressure 

and becomes the 

Saturation Curve 

Pressure changes with Temperature (molecules 

move around more when heated) 

Absolute Zero = Perfect Vacuum 

Maximum water 

content in air = 

saturation point 
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Atmospheric vs Gauge 

 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

Mt. Everest = 29,029 ft 

Dead Sea = -1378 ft 

 

Space = a vacuum 
psia = 0 

psig = -14.7 

High altitude cooking instructions: 3500 to 6500 ft  
Increase simmer time to 19 min (with lower boiling 

temperature, it takes longer to cook food.) 

Vacuum 
jar 

 psig 
(gauge) 

psia 
(absolute) 

H2O 
boiling pt 

Perfect Vacuum -14.7 0 °F 

Near Vacuum -14.5 0.2 53° 

Mt. Everest -5.6 9.1 157° 

Lake Tahoe -3.0 11.7 200.7° 

Sea Level 0 14.7 212° 

Dead Sea 0.8 15.5 215° 

    

 

 

Sea Level = 
 1 atmosphere 

 = 14.7 psia 
= 0 psig 

Vacuum 

pump 

LakeTahoe= 6224 ft 

http://images.google.com/imgres?imgurl=http://www.wizards.de/~frank/astro/goodstuff/Render/EarthAndMoon4b_800.jpg&imgrefurl=http://www.wizards.de/~frank/astro/index.html&h=933&w=800&sz=93&hl=en&start=4&um=1&tbnid=SzwmlGNOx9nIPM:&tbnh=147&tbnw=126&prev=/images?q=earth+and+moon&ndsp=20&svnum=10&um=1&hl=en&sa=N
http://images.google.com/imgres?imgurl=http://image59.webshots.com/759/1/5/7/2969105070017353410Aqvsuf_fs.jpg&imgrefurl=http://news.webshots.com/photo/2969105070017353410Aqvsuf&h=1200&w=1600&sz=537&hl=en&start=48&um=1&tbnid=1zxkR9Ezirnp8M:&tbnh=113&tbnw=150&prev=/images?q=golden+gate+bridge&start=40&ndsp=20&svnum=10&um=1&hl=en&sa=N
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Pressure Measurement 
 
 
 
 
 
 

  

 
    

 

 
 
 
 
 
 
  
 

  Digital pressure 

gauges do not 

need a pig tail 

and can 

automatically log 

measurements 

into a computer. 

Compound gauges measure both pressure 

and vacuum.  Note: inches of mercury 

όŀ ǇŜǊŦŜŎǘ ǾŀŎǳǳƳ Ґ олέ IƎύ 

Bourdon Tube Gauges: flattened 
hollow tubes that s-t-r-e-t-c-h out 
when introduced to pressure. 

Vacuum gauge 

0 psia = -1 bar (metric) = -100 kPa (metric) 

1 atm = 100 kPa = 1013 mbars = 760 mmHg = 30 inHg = 14.7 psia = 0 psig 
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Ideal Gas Law 
 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
  

When Pressureҧ and Volume stays the same, then Temperatureҧ   Ґ AIR COMPRESSOR 

The INTERCOOLER uses water or 
outside air to cool compressed 

air in-between stages. 

1st Stage 

2nd Stage 

When Temperatureҧ and Volume stays the same, then Pressureҧ    
 
      = BOILER 

When PressureҨ and Volume stays the same, then TemperatureҨ   Ґ Propane Tank 

PҨ × Vc = TҨ   Υ  Refrigeration 

Air Conditioning 

 

 
* Simplified for training purposes.  Actual:  

ICE ! 

Various types of expansion valves 

Hot Cold 

(Restricting Orifice) 
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Heat Pumps 
 

   

Reversing Valve 

Around 37°F many heat pumps reach what is 

called the balance point where the heat pump 

needs to run constantly to maintain a 

comfortable indoor temperature.  Efficiency 

drops as you approach this point. 
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  Dehumidifier  

DEHUMIDIFIER 

HVAC Dehumidification Air Handler 

Wood Dehumidification Kiln 
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                       : through nonmoving or solid parts 

 
                       : through moving substances, such 
as water, steam, or air 

 

                     : through energy waves, even 
travels through a vacuum (such as the sun 
transfers heat to Earth through space) 

  

 

 

 

 

 
 
 
 

 

 
 

 

 

  

 

 

 

 

 

 

 

 
 
 

 

 
Latent Heat : 

BTUs  

BTUs 

T
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m
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ҥ condensing 

vaporizing Ҧ 
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How many BTUs does one pound of steam contain at 212°F at Sea Level? 
 
     32 ºF water to 212 ºF water takes  180BTU/lb.    180 
   212 ºF water to 212 ºF steam takes  970.3BTU/lb.  +970.3 

          1150.3 BTUs 
 

Water 
  °F vs. Btu 

  

1 BTU = heat needed to change 1 lb. of water 1º F 

To change 1 lb of: 

 

Water at 32°F 
contains 0 BTUs 

 (beginning point for 
BTU measurement) 

Superheated 

(above the 

boiling pt.) 

Ice 1º F, add 0.5 Btu 
Steam 1º F, add 0.45 Btu 
 

T
e
m

p
e
ra

tu
re

 

3
2

°F
 

2
1

2
°F

 

-144BTU                       0BTU                       180BTU                      1150.3BTU                      

970.3 BTUs to boil 1 # of H2O 

0
°C

 
1

0
0°

C
 

@ 0 psig = 1 Atm = sea level 

Saturated Steam = steam at the boiling pt. 

Heat Content 
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°F vs psi 

    

Phases of Water 
Pressure vs. Temperature 

Temperature 

P
re

ss
u
re 

212°F 
100°C 

32°F 
0°C 

14.7 psia 
= 0 psig 
= 1 atm 
= 1 bar S

e
a

 L
e

ve
l

 

Absolute Zero 
(Theoretical) 

Solid 

Vapor 

Sea Level 

Triple 
Point 

Triple 
Point 

Where Freeze Point Curve, Evaporation Curve and Sublimation Curves Meet  
= 0.09psia and 32.02°F 

Vapor 

Solid 

Freeze Point 
Curve 

Evaporation 
Curve 

(not to scale) 
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Freeze Dryers 
 

 

 

 

 

 

 

 

 
  

Home Unit 
Freeze Dryer 

Vacuum 
Chamber 

Sublimation 
= Freeze Dryers 

2. About 90% of the foodôs 
moisture is drawn off by 

sublimating the ice at 
temperature as low as -60º F 

Low temperature and pressure 
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Water to Vapor Expansion 

  

 
 
 
 
 

       
 

 
 

 
 
 
 
 
 
 

 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

  

Now imagine a 500 gallon boiler rupturing and instantly filling the 

building with 111,700 ft3 (100 hot air balloons) of flash steam 

 

v = 0.01672 ft3 

Today, the most common reasons 
for boiler explosions are improper 
purge cycle and low water cut-off 

failure. 

When Temperature ҧ and Pressure stays the same, then Volume must ҧ 

Denver: 500 gallon boiler explosion 

1865 Sultana 
2000 returning Union 
th²Ωǎ ŘƛŜŘ ŦǊƻƳ boiler 

explosion 
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Cavitation 
  Cavitation:  

Valve Cavitation: 

sounds like gravel 

moving through pipe 

Propeller Cavitation 

Implosion of low pressure steam bubbles back to water 

causing miniature shock waves, damaging metal surface. 
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Steam Table 
 

Gauge 
Pressure 

 
Psia 

Boiling 
Point 

ºF 

Btu content of 
1 lb. of water 

at B.P. 

Btu needed to  
turn 1 lb. of water  
at B.P. into steam 

Btu content 
of saturated 

steam 

Volume 
of water 

ft3/lb 

Volume 
of steam 

ft3/lb 

In
c
h
e
s
 o

f 
H

g
 (

V
a
c
u
u
m

) 

29.7 0.09 32 0 1075.8 1075.8 0.01602 3306 

29.5 0.2 53 21 1063.8 1085.0 0.01603 1526 

27.9 1.0 102 70 1036.3 1106.0 0.01614 334 

19.7 5.0 162 130 1001.0 1131.0 0.01641 73.5 

9.6 10.0 193 161 982.1 1143.3 0.01659 38.4 

7.5 11.0 198 166 979.3 1145.0 0.01665 35.1 

5.5 12.0 202 170 976.6 1146.6 0.01667 32.4 

3.5 13.0 206 174 974.2 1148.1 0.01667 30.1 

1.4 14.0 210 178 971.9 1149.5 0.01670 28.0 

0 14.7 212 180 970.3 1150.3 0.01672 26.8 

P
s
ig

 

1 15.7 216 184 967 1152 0.01675 24.8 

2 16.7 219 187 965 1153 0.01677 23.4 

5 19.7 227 196 960 1156 0.01683 20.1 

10 24.7 240 208 952 1160 0.01692 16.3 

15 29.7 250 219 945 1164 0.01700 13.8 

20 34.7 259 228 939 1167 0.01708 11.9 

25 39.7 267 236 933 1170 0.01714 10.5 

30 44.7 274 243 928 1172 0.01721 9.4 

40 54.7 287 256 919 1176 0.01732 7.8 

50 64.7 298 267 911 1179 0.01743 6.7 

60 74.7 307 277 904 1182 0.01752 5.8 

70 84.7 316 286 898 1184 0.01761 5.2 

80 94.7 324 295 891 1186 0.01769 4.7 

90 104.7 331 302 886 1188 0.01777 4.2 

100 114.7 337 309 880 1189 0.01785 3.9 

110 124.7 344 316 875 1191 0.01792 3.6 

120 134.7 350 322 870 1192 0.01799 3.3 

130 144.7 355 328 866 1193 0.01806 3.1 

140 154.7 360 333 861 1195 0.01812 2.9 

150 164.7 366 339 857 1196 0.01818 2.7 

200 214.7 388 362 837 1199 0.01847 2.1 

250 264.7 406 382 820 1202 0.01873 1.7 

etc.Ź    300 417 394 809 1203 0.01890 1.54 

400 446 424 781 1205 0.01934 1.16 

450 456 437 767 1205 0.01955 1.03 

500 467 449 755 1204 0.01975 0.93 

600 486 472 732 1203 0.02013 0.77 

900 532 527 669 1195 0.02123 0.50 

1200 567 572 612 1183 0.02232 0.36 

1500 596 612 556 1167 0.02346 0.28 

2000 636 672 463 1135 0.02565 0.19 

2500 668 731 361 1191 0.02860 0.13 

2700 680 756 312 1068 0.03027 0.11 

3206.2 705 903 0 903 0.05053 0.05053 

 

   
 
  Supercritical Steam refers to conditions 

above 3206.2 psia and 705 °F where steam 

and water reach a new phase. 

Sea Level 
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Water to Ice Expansion 
  

9 % 

Water to Ice  Volume Expands 10%  

Which is about the same as:  

10 ft 3 water making 11 ft 3 of ice  

ȣȟ ÁÎÄ )ÃÅ &ÌÏÁÔÓ 
(less dense) 

Water to Ice 

Expansion 

60° 

60° 

Hexagonal shape  

ȣȟ ÁÎÄ breaks lines  

slightly 

positive 

slightly 

negative 

slightly 

positive 

Breweries have high steam demand 
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Pure Water 

Hydrochloric Acid 
(HCl) 

 

Stomach Acid 
 (weak HCl) 

Vinegar 
Lemon Juice 

Soda Pop  
Orange Juice 

Tomato Juice 
Acid Rain 

Eye Drops 
Normal Rain 

Saliva 
Urine 

Sea Water 
Swimming Pools 

Baking Soda 

Great Salt Lake 

Ammonia (NH4OH) 

Soaps 

Bleach 
Oven Cleaner 

Drain Cleaner 
Caustic (NaOH) 

10 0 = 1 = 100% 

10 -1 = .1 = 10% 

10 -2 = .01 = 1% 

10 -3 = .001 = .1% 

10 -14 = .00000000000001 

10 -13 = .0000000000001 

10 -12 = .000000000001 

10 -11 = .00000000001 

10 -10 = .0000000001 

10 -9 = .000000001 

10 -8 = .00000001 

10 -7 = .0000001      = 

10 -6 = .000001 

10 -5 = .00001 

10 -4 = .0001 = .01% 

10 -1 = .1  

10 -2 = .01 

10 -3 = .001 

10 -6 = .000001 

10 -7 = .0000001 

10 -9 = .000000001 

10 -10 = .0000000001 

10 -11 = .00000000001 

10 -12 = .000000000001 

10 -13 = .0000000000001 

10 -14 = .00000000000001 

10 -4 = .0001 

10 -5 = .00001 

10 -8 = .00000001 

10 0 = 1 

The concept of pH was 

first introduced in 1909 

by Danish chemist 

pH 
 

 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

HCl (acid) + NaOH (base) Ÿ H2O (pH 7) + NaCl                   

             (salt water)  

At pH > 7, OH- 
(hydroxide) becomes 

the active ion. 

H+ OH- 

H+ 

OH- 








































































































































