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Use of Experienced-Based Principles to:
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Check new process designs

Provide equipment size and performance estimates

Help with troubleshooting problems with existing systems

Verify computer simulations and results

Provide initial estimates for simulator inputs

Use as a starting place for initial designs

Develop preliminary process layouts

However, keep in mind that a heuristic:

Doesn’t guarantee a solution

May contradict other heuristics

Can reduce the time to solve problems

Depends on the context in which it is used
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Examples of Heuristics Usage

What is the density of water in SI units? In English units?

What does a gallon of milk weigh? What about 4 gallons of 
milk?

What does a cubic meter of air weigh?

The ratio of            is approximately _______?
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⇢L/⇢v
<latexit sha1_base64="Dd21mv5tJZA0hve/QNpG1n6FCtI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFc1Zkq6MJFwY0LFxXsA9qhZNJMG5pJxiRTKEO/w40LRdz6Me78G9PpLLT1wOUezrmX3Jwg5kwb1/12VlbX1jc2C1vF7Z3dvf3SwWFTy0QR2iCSS9UOsKacCdowzHDajhXFUcBpKxjdzvzWmCrNpHg0k5j6ER4IFjKCjZX8rhrK3v151sa9UtmtuBnQMvFyUoYc9V7pq9uXJImoMIRjrTueGxs/xcowwum02E00jTEZ4QHtWCpwRLWfZkdP0alV+iiUypYwKFN/b6Q40noSBXYywmaoF72Z+J/XSUx47adMxImhgswfChOOjESzBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+OVl0qxWvItK9eGyXLvJ4yjAMZzAGXhwBTW4gzo0gMATPMMrvDlj58V5dz7moytOvnMEf+B8/gCSVJHz</latexit>
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Creation of Heuristics / Shortcuts
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1. Predict. (assumptions, heuristics, back of the envelope calculations)

2. Authenticate/Analyze (equations, simulations, operational data)

3. Reevaluate/Rethink (compare, revise)

Example-11.1

Suppose you calculated a turbulent heat transfer coefficient inside a 1.5” pipe as: 

5250 W/[m2·℃], for water at 21℃ and a velocity of 1.83 m/s. 

Estimate a heat transfer coefficient when the water temperature is 93℃ and a 

velocity of 3.05 m/s.
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1. Predict: assume the velocity and temp. have no effect. Predicted Heat Transfer 

Coef. = 5250 W/[m2·℃]

2. Authenticate: Find appropriate equation for calculation of Nusselt number.

Solution-11.1

Re = u⇢Dpipe/µ = (1.83)(997.4)(1.5)(0.0254)/(9.8⇥ 10�4) = 71⇥ 103
<latexit sha1_base64="kusx9KQHMqwm6C3CVFonjTIKmHI="></latexit>

For highly turbulent flow, use the _______________ equation 

hD/k = (0.023)(Du⇢/µ)0.8(Cpµ/k)
1/3

<latexit sha1_base64="rI4KY5mS/fmMQK2O8lLSSwzLSBU="></latexit>

h0/h = (D0/D)0.2(u0/u)0.8(⇢0/⇢)0.8(µ0/µ)0.47(C 0
p/Cp)

0.33(k0/k)0.67
<latexit sha1_base64="UzA9hE1WuWcjkNk3/lM30Fgh1+0="></latexit>

= (1)(1.50)(0.973)(1.73)(1.00)(1.08) = 2.725
<latexit sha1_base64="/maFZZlv1jxJRD5H8GXwqJHIhTA=">AAACFnicbVDLSgMxFM3UV62vUZdugkWYLhxmppZWQSi4cVnBPqAdSibNtKGZB0lGKEO/wo2/4saFIm7FnX9jpu1CWw/kcnLuuST3eDGjQlrWt5ZbW9/Y3MpvF3Z29/YP9MOjlogSjkkTRyziHQ8JwmhImpJKRjoxJyjwGGl745us334gXNAovJeTmLgBGobUpxhJJfX1c3gNDbtk2GbFKhmWeVktZ5d5taxZrZWUyTGrTqWvFy2lZoCrxF6QIlig0de/eoMIJwEJJWZIiK5txdJNEZcUMzIt9BJBYoTHaEi6ioYoIMJNZ2tN4ZlSBtCPuDqhhDP190SKAiEmgaecAZIjsdzLxP963UT6NTelYZxIEuL5Q37CoIxglhEcUE6wZBNFEOZU/RXiEeIIS5VkQYVgL6+8SlqOaZdN5+6iWL9axJEHJ+AUGMAGVVAHt6ABmgCDR/AMXsGb9qS9aO/ax9ya0xYzx+APtM8fD+CWjA==</latexit>

h0 = (2.725)(5250) W/m2�C = 14, 300W/m2�C
<latexit sha1_base64="PbPXyGL3uXTC/YM8dfFQbaOhBaY="></latexit>

(11.2)
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3.  Reevaluate/Rethink (compare, revise)

Solution-11.1

• The temperature effect on viscosity must be evaluated. 

• The effects of temperature on Cp, ⍴, and k are negligible. 

• Pipe diameter has a small effect on h (all other things being equal) 

• Results are limited to the range where the Sieder-Tate equation is valid

With these assumption, the values for water at 21℃ are substituted into Eq. (11.2). This 
creates a useful heuristic for evaluating the heat transfer coefficients for water

h0[W/m2�C] = 125u00.8/µ00.47
<latexit sha1_base64="GC1yGZ6/E0c73jY6EENhukBjpMw="></latexit>

for u0(m/s), µ0(kg/m/s)
<latexit sha1_base64="3DhFrWj8/YdRywbM90aXYbg5t8I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AirSDtTBUUVwU3LivYC3SGkknTNjTJDElGKEP3bnwVNy4UcesLuPNtTKez0OoPgZ/vnMPJ+YOIUaUd58vKrayurW/kNwtb2zu7e/b+QVuFscSkhUMWym6AFGFUkJammpFuJAniASOdYHI9r3fuiVQ0FHd6GhGfo5GgQ4qRNqhvF+NyJfEkh7ymZien0ONxGS7IZFRLYd8uOVUnFfxr3MyUQKZm3/70BiGOOREaM6RUz3Ui7SdIaooZmRW8WJEI4QkakZ6xAnGi/CS9ZQaPDRnAYSjNExqm9OdEgrhSUx6YTo70WC3X5vC/Wi/Ww0s/oSKKNRF4sWgYM6hDOA8GDqgkWLOpMQhLav4K8RhJhLWJr2BCcJdP/mva9ap7Vq3fnpcaV1kceXAEiqACXHABGuAGNEELYPAAnsALeLUerWfrzXpftOasbOYQ/JL18Q2Lg5jP</latexit>
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Follow the logic carefully…
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From Rules 9 and 12

u = 0.0305

r
850

8
� 1 = 0.313 m/s

<latexit sha1_base64="xWiz2t5VnHnX0zqVforLuAo/+vU="></latexit>

uact = (0.75)(0.313) = 0.23 m/s
<latexit sha1_base64="nMDMZHBCljPGar5SNUq2QSRj0fA="></latexit>

Mass flow rate of vapor = 9200 kg/h = 9200/3600 (kg/s) = 2.56 (kg/s)

uact⇢v⇡D
2/4 = 2.56 �! D = 1.33 m

<latexit sha1_base64="l6ksFaoH4uEAD19TConQNOpVGDA="></latexit>

From Rule 5, the volume of the liquid = 0.5L⇡D2/4 = 0.726L m3
<latexit sha1_base64="KeH+cD51FFeFFgRQ6BEJHDDag24="></latexit>

5 min of liquid flow  
= (5 min)(60 sec/min)(11,570 kg/hr)/(850 kg/m3)/3600 (hr/sec) = 1.13 m3

Equating the two results above, L = 1.56 m
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Rule 1: Set F = 0.9
Rule 6: min !T = 10℃; but E-105 has 8℃ (ignore for now)
Rule 7: Water enters at 30℃ and leaves at 40℃
Rule 8: U = 850 W/m2℃

�Tlm = [(112� 40)� (38� 30)]/ ln[(112� 40)/(38� 30)] = 29.1�C
<latexit sha1_base64="Z0kWP8uD7NOeMq2vZ6bzsUuouFQ="></latexit>

Q = 1085MJ/h = 301kW from Table 1.7
<latexit sha1_base64="wam2SUOCzRHMrRuGFGifadwjW8k="></latexit>

A =
Q

FU�Tlm
=

301, 000

0.9⇥ 850⇥ 29.1
= 13.52 m2

<latexit sha1_base64="f9kr7a/+akZWb61kmAZn2x6O0vo="></latexit>

From Rule 9, this heat exchanger should be double-pipe or multiple-
pipe design

In Table 1.7, E-105 is multiple-pipe design with the area of 12 m2 
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Rule 2: Fs = u⇢0.5v = 1.2� 1.5 m/s(kg/m3)0.5
<latexit sha1_base64="DWU+8I7+vuhKOmNKhB3L+QigTLM="></latexit>

(                                          )

Rule 3: �Ptray = 0.007 bar
<latexit sha1_base64="EaaFDfHtqtDFvNYDOsivrNQEn9M=">AAACCnicbVA9SwNBEN2LXzF+nVrarAbBKtxFIRYKAS0sI5gPSEKY22ySJXsf7M4J4YitjX/FxkIRW3+Bnf/GvSSFJj4YeLw3w8w8L5JCo+N8W5ml5ZXVtex6bmNza3vH3t2r6TBWjFdZKEPV8EBzKQJeRYGSNyLFwfckr3vDq9Sv33OlRRjc4SjibR/6gegJBmikjn3YuuYSgVY6CSoYjekldQqOU3pIWsqnHqhxx86nSgq6SNwZyZMZKh37q9UNWezzAJkErZuuE2E7AYWCST7OtWLNI2BD6POmoQH4XLeTyStjemyULu2FylSAdKL+nkjA13rke6bTBxzoeS8V//OaMfbO24kIohh5wKaLerGkGNI0F9oVijOUI0OAKWFupWwAChia9HImBHf+5UVSKxbc00Lx9ixfvpjFkSUH5IicEJeUSJnckAqpEkYeyTN5JW/Wk/VivVsf09aMNZvZJ39gff4AFB+ZOA==</latexit>

Rule 4: 

Table 11.14

"tray = 60� 90%
<latexit sha1_base64="f2wNkVtqt64ORNGj8ogtphDbc0M=">AAACB3icbVDLSgMxFM3UV62vUZeCBEvBjWWmig9QKLhxWcE+oDOUTJq2oZkHyZ3CMHTnxl9x40IRt/6CO//GtJ2Fth64cHLOveTe40WCK7CsbyO3tLyyupZfL2xsbm3vmLt7DRXGkrI6DUUoWx5RTPCA1YGDYK1IMuJ7gjW94e3Eb46YVDwMHiCJmOuTfsB7nBLQUsc8dEZEskhxoV8pSJKM8Q0+t/AJvrKcUscsWmVrCrxI7IwUUYZax/xyuiGNfRYAFUSptm1F4KZEAqeCjQtOrFhE6JD0WVvTgPhMuen0jjEuaaWLe6HUFQCeqr8nUuIrlfie7vQJDNS8NxH/89ox9C7dlAdRDCygs496scAQ4kkouMsloyASTQiVXO+K6YBIQkFHV9Ah2PMnL5JGpWyfliv3Z8XqdRZHHh2gI3SMbHSBqugO1VAdUfSIntErejOejBfj3fiYteaMbGYf/YHx+QOTWJfF</latexit>

xovhd = 0.9962, xbot = 0.0308
<latexit sha1_base64="AUHygUqOawO2OsD/95c1w9r8X30=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmZa0RYUCm5cVrAPaIeSyWTa0EwyJJliGerejb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3eBGjStv2t7W0vLK6tp7ZyG5ube/s5vb2G0rEEpM6FkzIlocUYZSTuqaakVYkCQo9Rpre4HriN4dEKir4nR5FxA1Rj9OAYqSN1M3l77uJGPb9MbyCdqFSOS+ePhjJE3qm2CW7bFKGTAEXiZOSPEhR6+a+Or7AcUi4xgwp1XbsSLsJkppiRsbZTqxIhPAA9UjbUI5CotxkeswYHhvFh4GQ5nENp+rviQSFSo1CzyRDpPtq3puI/3ntWAdlN6E8ijXheLYoiBnUAk6agT6VBGs2MgRhSc1fIe4jibA2/WVNCc78yYukUSw4pULx9ixfvUzryIBDcAROgAMuQBXcgBqoAwwewTN4BW/Wk/VivVsfs+iSlc4cgD+wPn8Aa3WYoA==</latexit>

↵ovhd = 2.44, ↵bot = 2.13, ↵geom ave =
p
2.44⇥ 2.13 = 2.28

<latexit sha1_base64="7PSUU6hecJZOdHuLzE+qJo9i+J8="></latexit>

Nmin = {ln[0.9962/(1� 0.9962)]/[0.0308/(1� 0.0308)]}/ ln(2.28) = 10.9
<latexit sha1_base64="8oNSSofXdqd1lpfcWqv6LV2+Pog="></latexit>

Rmin = (142.2/105.6)/(2.28� 1) = 1.05
<latexit sha1_base64="SVMEVoJcedBDisFohnO4jPMdMDE=">AAACEXicbZDLTgIxFIY7eEO8oS7dNBITWDhMR1AWmpC4cYlGLgkQ0ikFGjqdSdsxIRNewY2v4saFxrh15863sVwWCp6kyZf/Pyen5/dCzpR2nG8rsbK6tr6R3Extbe/s7qX3D2oqiCShVRLwQDY8rChnglY105w2Qkmx73Fa94bXE7/+QKVigbjXo5C2fdwXrMcI1kbqpLN3nbjlMzGGVzCLCq7t5pFTtM9z+azh0inKGQPZTrGTzji2My24DGgOGTCvSif91eoGJPKp0IRjpZrICXU7xlIzwuk41YoUDTEZ4j5tGhTYp6odTy8awxOjdGEvkOYJDafq74kY+0qNfM90+lgP1KI3Ef/zmpHuldoxE2GkqSCzRb2IQx3ASTywyyQlmo8MYCKZ+SskAywx0SbElAkBLZ68DDXXRme2e1vIlC/ncSTBETgGWYDABSiDG1ABVUDAI3gGr+DNerJerHfrY9aasOYzh+BPWZ8/8suXWQ==</latexit>

stream 15
1.26 ≤ R ≤ 1.58

Ntheory = 2 x 10.9 = 21.8 Nactual = (21.8 / ε (=0.6) ) x 1.1 = 43 trays

Vapor flowrate (Str. 13) = 22,700 kg/h ⇢v = 6.1 kg/m3
<latexit sha1_base64="LtdvlZgrGSeWdMvZn5EXEWEbvNc=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgKiatqAuFghuXFewDmhgm00k7dCYJM5NCCdWNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPkDAqlW1/GwuLS8srq4W14vrG5ta2ubPbkHEqMKnjmMWiFSBJGI1IXVHFSCsRBPGAkWbQvx77zQERksbRnRomxOOoG9GQYqS05Jv7rujF/gBewTPLechcwWG/e8LvKyPfLNmWPQGcJ05OSiBHzTe/3E6MU04ihRmSsu3YifIyJBTFjIyKbipJgnAfdUlb0whxIr1s8sIIHmmlA8NY6IoUnKi/JzLEpRzyQHdypHpy1huL/3ntVIUXXkajJFUkwtNFYcqgiuE4D9ihgmDFhpogLKi+FeIeEggrnVpRh+DMvjxPGmXLqVjl29NS9TKPowAOwCE4Bg44B1VwA2qgDjB4BM/gFbwZT8aL8W58TFsXjHxmD/yB8fkDMNSV/w==</latexit>

u = (1.2� 1.5)/6.10.5 = (0.49� 0.60) m/s
<latexit sha1_base64="EWGJzeR217BL+JPNeLbdte9nuus="></latexit>
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Vapor flowrate (Str. 13) = 22,700 kg/h

22, 700
kg

h
⇥ 1 h

3, 600 s
⇥ m3

6.1 kg
= 1.03

m3

s
= v

<latexit sha1_base64="OWB0XLcDh2Mu94bUt8PRVc/rACE="></latexit>

Dtower = [4v/⇡u]0.5 = [(4)(1.03)/(3.142)/(0.49 ⇠ 0.60)]0.5 = 1.64 ⇠ 1.48 m
<latexit sha1_base64="AAna9mg8ujLZFErp6Ywc0BNKra8="></latexit>

�Ptower = (Nactual)(�Ptray) = (43)(0.007) = 0.30 bar
<latexit sha1_base64="T5A2kPyg4rsFXnFK430YLIRyjec="></latexit>

Tables 1.5 and 1.7 and F 1.5 From Heuristics

Tower diameter 1.5 m 1.48 - 1.64 m

Reflux ratio, R 1.75 1.26 - 1.58

Number of trays 42 43

Pressure drop, !Ptower 0.30 bar 0.30 bar


