Errata for Fluid Mechanics for Chemical Engineers, 3e


Fluid Mechanics for Chemical Engineers, Third Edition

Errors and Typos known as of 6-07

The common expression is "To err is human, to forgive divine".  Mae West modified that to "To err is human, but it feels divine!"  None of my errors feel divine to me, but then if the young Mae West were involved....

A word about printings.  On page vi, just after the cover page, in mid page find a row of figures, 1 2 3 4 5 ….  If the 1 is there you have the first printing.  If the first number is a 2, you have the second printing.  The third printing will begin this row with a 3, etc.

We tried to find all the errors in the first printing and correct them in the second, but alas, some were not caught.  We hope to fix them all in the third.  I will be most grateful to readers who inform me of other errors and typos, so that they can be corrected or at least brought to the attention of the book's users.  Please communicate such errors and typos to 

Noel de Nevers

Department of Chemical Engineering

50 South Central Campus Drive

University of Utah

Salt Lake City, Utah, 84112

801-581-6024

FAX 801-585-9291


Noel.deNevers@utah.edu.

Errors in both the first and second printings

Page xxi first line of third paragraph "… with technical rigor".  (I hope I have technical vigor too, but clearly not proofreading rigor or vigor.)

Page 121, Eq. 4.AD  Begin with a minus sign,  
[image: image1.wmf]  In the second line of the equation replace -43.50 with -45.50.  After the end of the equation insert 
[image: image2.wmf], work flows out.

Page 152, sentence above Eq. 5.19 replace Eq. 5.18 by Eq. 5.AG.

Page 166, Problem 5.32,  Replace Figure 5.10 with Figure 5.8.

Page 175, Figure 6.2   Move the label on the vertical axis "Pressure gradient…" down 2 cm so that it is centered on the figure.

Page 177, Figure 6.4  Move the text "Oscillates between…turbulent" down about 5 mm.

Page 261 Section 7.3.5.   Alas there is a sign error in Equation 7.29 page 263, which propagates through the whole discussion of the Bunsen burner.  I would have caught this error, except that there was also an error in the spreadsheet that generated table 7.2, which caused it to give plausible answers even with that sign error, and hid the fact that the friction effect in the flow in the tube is not negligible.  Rather than try to give a list of changes, I herewith present a complete rewriting of Section 7.3.5, which does not contain those errors, and I hope has no other ones.  The revised section does not replace Figure 7.13, which is unchanged.

7.3.5  Eductors, ejectors, aspirating burners, jet mixers, jet pumps


Figure 7.13 shows a cross-section of a typical laboratory Bunsen burner.  In it a jet of fuel gas flows upward.  By momentum exchange with the air in the tube it creates a slight vacuum at the level of the jet (2 on the figure).  This sucks air in through the air inlet.  The gas and air mix in the mixing tube, and flow out together into the flame.  This is the most common type of gas burner, called an aspirating burner.  The burners of almost all household gas furnaces, water heaters and stoves are of this type, as are hand-held propane torches and small-to-medium-sized industrial burners.  (The largest industrial burners have the combustion air driven by fans, and thus do not "aspirate" it as this burner does.)  This burner produces only enough vacuum to suck in the combustion air.   The same basic device using high-pressure steam as motive fluid can produce industrially useful vacuums.  Such devices, called eductors or ejectors are widely used industrially as vacuum pumps.  Modified forms are also used as jet mixers and jet pumps.  All devices of this type work by exchanging momentum between a centrally-located high velocity jet and a circumferential, slower moving flow.  The Bunsen burner leads to a simple analysis, because its body is a simple, cylindrical tube.  The eductors, ejectors and jet pumps and most simple burners are shaped like the venturis in Chapter 5.  They are more efficient than the straight tube in a Bunsen burner, but lead to a much more complex analysis.  The simple analysis in this section is correct for any straight-tube version of this type of device, and shows intuitively what goes on in the more complex geometries, but is not directly applicable to them.

Fig 7.13 goes here.

To analyze such a device we begin by making a z- direction momentum balance choosing as our system the section of the mixing tube between 2 and 3 in Fig 7.13.  We assume steady flow in the positive z direction, dropping the direction subscripts, so that Eq. 7.17 becomes



[image: image3.wmf]

(7.29)

At 3 the pressure must be atmospheric, while at 2 it is not.  We work the problem in gauge pressure, which makes the 
[image: image4.wmf]term = zero.  We convert the wall friction term to the form seen in Chap. 6 and take
[image: image5.wmf]which introduces an error of 0.7%.



[image: image6.wmf]



(7.29a)

Making this substitution we solve Eq. 7.29



[image: image7.wmf]



[image: image8.wmf]
(7.30)  

We also make a steady-flow material balance



[image: image9.wmf]






(7.31)

and then substitute 
[image: image10.wmf] for each of the 
[image: image11.wmf] terms and rearrange to



[image: image12.wmf]




(7.32)

If we know P2, we can calculate the velocity of the fuel gas from B.E. and the known pressure in the gas supply line, and can also calculate the velocity of the air at (2) from B.E.   The equations to be solved simultaneously are one momentum balance, one mass balance and two B.E.s as shown in Table 7.1.  In the B.E. for the air we have included an entrance resistance term, 
[image: image13.wmf]where appropriate.  This set of equations is applicable to any cylindrical device of this type, whether the fluids are gases or liquids or slurries.  If they are not gases, simply replace all the quantities with "gas" subscript with the quantity for the high-velocity (driver) stream and all those quantities with "air" subscript with the quantity for the low-velocity (driven) stream.  If the gas velocities are close to the speed of sound, then the simple B.E.s used here must be replaced by the high-velocity gas flow relations from Chap. 8.  In the following example we assume that all the flowing fluids are ideal gases at low velocities.

Table 7.1   Equations to be solved in a simple, cylindrical aspirating burner, eductor or jet mixer or jet pump, for velocities well below sonic  (Pressures are gauge, not absolute)
	Equation type
	Region
	

	Momentum balance   
	Point 2 to point 3
	
[image: image14.wmf]

	Mass balance
	Point 2 to point 3
	
[image: image15.wmf]

	B.E.
	High pressure gas to point 2
	
[image: image16.wmf]

	B.E.
	Outside air to point 2
	
[image: image17.wmf]


Example 7.11   For the Bunsen burner shown in Fig 7.13, with the dimensions shown, estimate P2, V3 and
[image: image18.wmf].  The gas is assumed to be natural gas, which in the U.S. is distributed inside buildings at P = 4 in H2O = 0.145 psig =1.00 kPa gauge, and has a density ≈ (16/29) times that of air.  We also know that Atube = 0.142 in2 and Ajet = 0.00096 in2.

We begin by guessing
[image: image19.wmf].  Then by simple B.E. we compute that 
[image: image20.wmf] 20.3 ft/s and that the gas jet velocity (practically independent of 
[image: image21.wmf]) is ≈ 183 ft/s.  The densities are computed from the ideal gas law by 



[image: image22.wmf]




(7.AJ)

The mass flow rates of the two inlet streams, calculated from 
[image: image23.wmf] are 1.5·10-3 and 5.06·10-5 lbm/s for air and gas respectively.  From these we can compute that



[image: image24.wmf]





(7.AK)

Then we substitute values in Eq. 7.31,  (dropping the dimensions on the A's, which are all in in2 and on the velocities which are all in ft/s),  

   
[image: image25.wmf]











(7.AL)

We estimate the friction factor from the Reynolds number, R, (4668) and an estimated 
[image: image26.wmf], using Eq. 6.21, finding 
[image: image27.wmf] and 



[image: image28.wmf]




          (7.ALa)

Then from Eq. 7.30



[image: image29.wmf]

[image: image30.wmf]


         (7.AM) 

This is much less than the assumed - 0.005 psig, so we use the numerical solution routine on the spreadsheet to find the solution, as shown in Table 7.2.  We see that all the equations are solved if 



[image: image31.wmf]


(7.AN)



[image: image32.wmf]







(7.AO)

The mass flow rates in Table 7.2 are computed from 
[image: image33.wmf]; we see that



[image: image34.wmf]= 15.2





(7.AP)   n

Table 7.2  Numerical solution to Ex. 7.11
	Variable
	Type
	First guess
	Solution

	D tube, in
	Given
	0.425
	0.425

	D gas jet, in
	Given
	0.035
	0.035

	A tube, in2
	Calculated
	0.142
	0.142

	A jet, in2
	Calculated
	0.00096
	0.00096

	P gas, in H2O, gauge
	Given
	4
	4

	        , psig
	Given
	0.14461
	0.14461

	P2,guessed. psig
	Guessed
	-0.005
	-0.001275

	r air at 2, lbm/ft3
	Calculated
	0.0750
	0.0750

	r gas at 2, lbm/ft3
	Calculated
	0.04136
	0.04138

	V gas, ft/s
	Calculated
	183.14
	180.82

	V air, ft/s
	Calculated
	20.31
	10.25

	
[image: image35.wmf], lbm/s
	Calculated
	0.00150
	0.000757

	
[image: image36.wmf], lbm/s
	Calculated
	5.06E-05
	5.00E-05

	M, air-gas mix at 3,

lbm/lbmol
	Calculated
	28.25
	27.61

	r gas air mix at 3, lbm/ft3
	Calculated
	0.0731
	0.0714

	V3, ft/s
	Calculated
	21.26
	11.33

	R
	Calculated
	4668
	2487

	f
	Calculated
	0.0096
	0.0115

	P2 calculated, psig
	Calculated
	-0.00027
	-0.00127

	P2, calc/P2, guessed
	Check value
	0.054
	0.9999

	
[image: image37.wmf]
	Calculated
	29.63
	15.15



From this example we see that:

1.
One could, in principle use algebra to solve the four simultaneous equations (plus the friction-factor equation) explicitly, but the spreadsheet solution is quick, simple, and best of all, shows intermediate values that can be checked for plausibility.

2.
The calculated air and air-gas mixture velocities are low.  Most such burners have velocities close to the values shown here.

3.
The calculated A/F ratio, 15.15 (lbm/lbm) is about 87% of the stoichiometric air-fuel ratio, which is higher than typical value for such burners.  They all have adjustable shutters on the air inlet; one sets the shutters to have the lowest air flow rate that gives a blue (non-smoky, non CO-producing) flame.  Normally this requires about 50% of the air to be premixed with the natural gas.

4.
The vacuum produced is minuscule.   For vacuum pumps operating on the same principle one substitutes high-pressure steam for the low pressure natural gas, finding velocities of several thousand ft/s for the central jet, and uses much smaller ratios of (driven fluid/driving fluid).

5.
This is a very simple device; most of you have several of them in heaters in your house.  To compute its behavior we needed the momentum balance, a material balance and two B.E.s, the friction factor equation and the dimensions of the system.  We no further simplifications we computed a velocity very close to the observed values in the device whose dimensions are shown in Figure 7.13. 

6.
One of the great advantages of this type of burner is that one may reduce the gas inlet pressure (by adjusting a valve upstream of the burner, like the knob on a kitchen stove).  That will reduce the air and gas flowrates, and thus the flame size and heat input rate, but make practically no change in the A/F ratio.  Thus, if the burner is properly tuned for one upstream gas pressure, it is also properly tuned for all lower ones.  One may verify this by rerunning the spreadsheet solution for 2 inches H2O gas pressure instead of 4.  The gas, air and mixture flow rates are all practically the values in Table 7.2 divided by the square root of 2.  The calculated A/F ratio is practically unchanged.
7.
See problems 7.31 to 7.34.
End of Section 7.3.5

Page 271, Example 7.13. This is not an error but a comment.  In this solution I ignored the entrance coefficient for flow from tank to pipe, which is normally about 0.5.  From the problem 
[image: image38.wmf], so that ignoring 0.5 compared to it makes little error.

Page 291, Problem 7.33  This problem goes with the incorrect version of Section 7.3.5, which is replaced above.  Replace this problem with the following; 

7.33
In our treatment of the Bunsen burner in Ex. 7.11


(a) Calculate the Reynolds number of the gas jet, the incoming air flow and the mixed flow (simplify by using the kinematic viscosity of air for all three flows)


Which of these flows are laminar?  Which are turbulent?


(b) Sketch the velocity distribution in such a flow.  Here an intuitive sketch will do.


(c) Estimate the importance of the friction term in Eq. 7.29 and 7.30, by rerunning the spreadsheet solution to Example 7.11 with the friction factor, f, set = 0.  Compare the results to those in Example 7.11.

Page 374, Example 10.5  Second line below Eq.10.G change 0.336 ft to 0.281 ft.

Equation 10.H, first line first term, change 0.336 ft to 0.281 ft.  Second term in this equation, in the denominator change 32 to 32.2.  In the last line of the equation, change the result from 30.4 m to 22.0 m.

Page 378 Equation 10.22 Delete the  (density) from this equation.  Change Equation 10.L to



[image: image39.wmf]
Page 626, Problem 7.10  The x and y subscripts on 
[image: image40.wmf]and 
[image: image41.wmf]should be interchanged.

Page 628, Problem 16.12 14.82 psia, -44.6 psia

Errors in the first printing, which were corrected in the second printing.

Page xv 
In B.7 the reference is to section 10.2, not 9.3



In B.8 the reference is to section 16.5, not 10.5

Page xvii
the text opposite k should say "turbulent ke" not "turbulent k.e."

Page xviii
The Q symbol for charge has the wrong font.  See Page 123 for the correct 


font.

Page 9

Eq. 1.H,   I tried to get all the 

for multiplication replaced by a center dot · .  

But I missed one here.  Please replace this 

 by a center dot · 

Page 33 
Line below Eq. 1.AK. I tried to get all the 

for multiplication replaced by 

a center dot ·  But I missed one here.  Please replace this 

 by a center 

dot. 

Page 52 
eighth line   "integrated"  not "itegrated"

Page 71
Third line.  Replace "App. A.8" with App. "A.6 and A.9".



Prob. 2.18*, part (c) replace "Eq, 2.16" with  "Eq. 2.17"

Page 72
Prob 2.27*, Part (b) change " as in parts (d and" to "(as in parts d and "

Page 77
Figure 2.27
Move the two arrows at the top of this figure down so that 

they are inside the fluid they designate, as the Fluid 2 arrow at the bottom 

of the figure is.

Page 97
Fifth line below the end of the example.   I tried to get all the 

for multiplication replaced by a center dot ·  But I missed one here.  Please replace this 

 by a center dot · 

Page 122
Second line above the heading of Sec 4.11,  "hot combustion gases or windmills, so this "

Page 124
Eq. 4.AL.  Replace the incorrect 

 with 


Page 145 
eighth line,  "it appears at first", not "it appear at first"
Page 157
first line of section 5.10 , change "B.E. is steady-flow..." to  "B.E. is a steady-flow..." 
Page 159
Figure caption, Figure 5.20, replace "value" with "valve"

Page 169
Prob 5.50 (a) "diameter is 10 ft, and the outlet diameter is 1 ft, and a "


Figure 5.40
Add a horizontal dimension line for the vertical arrow to meet.

Page 177
Move the text "Oscillates between laminar and turbulent" up about 5 mm so that it is aligned with the two sketches of the flow.

Page 188 
first line below the 6.5 heading, change "parameter" to "parameters"

Page 191.
Alas, there is a simple, stupid copying error in Eq. 6.Q.  The 2 in the denominator of the fraction at the right should have been a 4.  Changing it to a 4 changes all the rest of the page, as shown below

Revised Page 191
 Vfirst guess we have




   (6.Q)


If this is a good guess, then the computed f should match our first ffirst guess.  Using Vfirst guess we compute



[image: image42.wmf]



(6.R)

From Fig 6.10 for these values of R  and 

 we read f ≈ 0.0045, and from Eq. 6.21 we compute f ≈ 0.00450.  We could repeat the process by hand, using fsecond guess = 0.00450, and continue until we had satisfactory agreement between the successive values of f.   But computers do this very easily for us, so we proceed on a spreadsheet as shown in Table 6.5. 


The first column of Table 6.5 shows the names of the variables, the second shows the nature of each variable, the third shows the values shown above, based on  f first guess = 0.005.  We see at the bottom of the second column that the ratio of fcomputed /  fguessed = 0.901.  We next ask the spreadsheet's numerical solution package ("goal seek" on Excel spreadsheets) to make the value of  fcomputed /  fguessed become  equal to 1.00, by changing the value of  fguessed.  We see that for an fguessed of 0.00449 that ratio becomes 1.0001 ≈ 1.00.  We could get more significant figures of agreement, but the input data do not justify that so we accept the values in the column at the right as correct.  Then





(6.S)
n

Table 6.5
Numerical solution to Example 6.5
	Variable
	Type
	First guess
	Solution

	D, m
	Given
	0.1
	0.1

	L, m
	Given
	100
	100

	z, m
	Given
	-10
	-10

	 inches
	Given
	0.0018
	0.0018

	, kg/m3
	Given
	720
	720

	 , cP
	Given
	0.6
	0.6

	f, guessed
	Guessed
	0.005
	0.00449

	V, m/s
	Calculated
	3.13
	3.304

	R
	Calculated
	375,900.
	396,500

	/D
	Calculated
	0.000457
	0.000457

	fcomputed
	Calculated
	0.004505
	0.00449

	fcomputed/

fguessed
	Check value
	0.901
	1.0001


End of revised Page 191

.

Page 194
No. 6, second line, "profile of turbulent pipe flow is much"



No 7, second line,   "and easily, the hand  "


Next to last line in first paragraph of section 6.7, change "computers" to "computer"

Page 200 
Fourth line from the bottom of the second paragraph, change "having resort to"  to "having to resort to"

Page 204  
First line of first paragraph, change "The fact the second" to "The fact that the second"
Page 219
The 1000 cSt label should be rotated clockwise so that it is parallel to the 500 cSt above it and the 2000 cSt below it, and should be moved to the right slightly, so that it is on its proper line and more or less lines up vertically with the  500 cSt above it and the 2000 cSt below it.

Page 225
In the next to last line of the figure caption and in the legend on the abscissa the italic 

 should be replaced by a non-italic 

.

Page 229
Second line below PROBLEMS.  App. D, not App C.

Page 233
Last line of Prob 6.41 "  in Examples 6.11 and 6.12".

Page 236
Prob 6.65*, next to last line,  "Assume that the bypass valve is  "

Page 257
Third line above Eq. 7.22 "Fig. 7.10 it is obvious"

Page 264, 
Line directly below Eq. 7.AK, change the Eq. number to 7.32.

Page 273 
Line directly above Eq. 7.49, change the equation number to 7.44

Page 275  
Two lines above Eq. 7.AW, insert a comma so that it reads, "not been 

stopped yet, minus zero"
Page 278
Eq. 7.BB Here we wish to insert the symbol for the Froude number, so that this equations reads   
[image: image43.wmf]

The 
[image: image44.wmf] should be the same font and size as shown in the table of nomenclature on page xvii.

Page 281
Next to last line above example,  ''mathematics as does also the design"

Page 319
Number 3, third line " and a pipe of zero length"

Page 329
Sixth line, "in Examples 8.14 and 8.15.  For  ". 

Page 347
Eq. 9.6  The Fr should be the same font and size as shown in the table of nomenclature on page xvii

Page 384
First line  " The power required to drive an isentropic ..."

Page 400
Eq. 11.7,  The two V sub 1 super 2 , 

 , should both be V sub italic 

capital I, super 2, 


Page 437
Figure 13.3.  The two n's on the figure should be italic, n's.



Last line,  " the flow in Example 13.1 is indeed"

Page 439
Last paragraph, replace both Example 13.4's with Example 13.2's

Page 470  
Second paragraph, sixth line change "direction" to "directions"

Page 473  
Example 15.3 fourth line replace "at times less that to" with  "at times less than to" 

Page 474
Equation 15.J in the second part of the second element the lower case italic "vee" should be replaced by an italic Greek nu, which cancels the Greek nu in the first element.

Page 476   
Third paragraph third line, replace C.10 with C.13.

Page 478   
Section 15.6, first line replace 15.24 with 15.27

Page 494  
Figure 16.7, lower right section of text replace "straturn" with "stratum"
Page 549
Example 18.2, second paragraph  "the Reynolds number ≈ 20,000; and for 

an assumed relative roughness of 4·10-5  the calculated friction..."

Page 602
Equation A.2 Insert an M so that this equation becomes  

.

Page 617
Title of B.7, at the end (SEE SEC. 10.2)

Page 618
Title of B.8, at the end (SEE SEC.16.5).

Page 618, 
Eq. B.8-4
The first term on the right should be 

 , not 


Page 6.25
Problem 5.27, the correct answers are the square root of 5 times those shown, 1.021 ft/s = 0.311 m/s.
Page 626 
Solution to problem 6.42*, change the first answer from 0.992 psi to 0.910 psi
Page 626  
Solution to problem 6.81.  Replace the solution shown with 


5.44·10-7 m/s =1.79·10-6 ft/s = 0.15 ft/day

There are also some punctuation errors in references, which I hope to have corrected in the second printing; they cause no confusion, but are merely ugly.

Errors in the Solutions Manual, known as of 7-07

Prob 2.47
last paragraph, replace "fist" with "first"

Chap. 4, p 1
The statement at the top of the page about Freon 12 is an inadvertent holdover from the first and second editions, which had Freon 12 examples and problems.  This edition has none; I shortened Ch. 4 to make room for other things.

Problem 4.2 (c)  Change the English units answer to 
[image: image45.wmf]
Prob 5.3
In the last equation replace the incorrect 

 with the correct 


Prob 5.27
The solution uses a height of 0.1 inch, which should be 0.5 inch.  That multiplies the answer by the square root of 5, giving 1.021 ft/s = 0.311 m/s.
Prob 5.31
In the two sketches at the upper right, both the P's and Q's in the axis labels should be italic.

Prob. 5.48 
third line, there should be a period at the end of the equation, before "Here..."

Prob 5.54
About 40% up from the bottom,  "By material balance, taking the can as our system, we have the following equation.  In this problem..."

Prob 5.54
Third line of part (c), delete the initial "good".

Prob 5.58
The horizontal axis of the figure should be labeled 


Problem 6.8  The second part of the solution shown is wrong, because it implicitly assumes that the velocity does not change.  Lowering the viscosity will also change the velocity.  The correct solution follows:



[image: image46.wmf]


[image: image47.wmf]
The corresponding velocity is 0.86 m/s, and one may compute from these values that the Reynolds number is 2000.

The statement at the end of the solution about how low the computed velocity is also wrong.  This is a common viscosity e.g. water at about 140 °F.

Prob 6.21
As discussed above, Ex 6.5 is wrong, because of a copying error (a 4 became a 2).  In addition, in that problem at the very end the volumetric flow rate is printed as 386 gal/min, where the result, consistent with the solution shown is 586 gal/min, which also appears to be a copying error.  The revised table in the solution to Prob 6.21 is shown below


The first three columns are the same as those in the corrected Table 6.5, except for the number of digits shown.  The bottom 4 rows are in addition to what is shown in Table 6.5.  The right column is made by copying the column to its left, inserting -30 in place of - 10 for  z, and then using the spreadsheet's numerical solution engine ("Goal Seek" on Excel spreadsheets) to make the f computed/guessed =1.00 by manipulating the value of f guessed.

	Variable
	First guess
	Solution
	Prob. 6.21

	D, m
	0.1
	0.1
	0.1

	L, m
	100
	100
	100

	 z, m
	-10
	-10
	-30

	 , inches
	0.0018
	0.0018
	0.0018

	, kg/m3
	720
	720
	720

	, cp
	0.6
	0.6
	0.6

	f, guessed
	0.0050
	0.004493
	0.004392


	V, m/s
	3.132
	3.304
	5.788

	R
	375851
	396498
	694555

	e/D
	0.00046
	0.00046
	0.00046

	f, computed
	0.004572
	0.004493
	0.004394

	f, fcomputed/f guessed
	0.9011
	1.00009
	1.0003

	Q, m/s
	0.0246
	0.0260
	0.0454

	   ft3/s
	0.8681
	0.916
	1.604

	  gal/s
	6.494
	6.8751
	12.00

	   gal/min
	389.6
	411.0
	720.0


Prob 6.25
last line replace 
[image: image48.wmf]with 
[image: image49.wmf].
Prob 6.57*, 
first line "1/(square root of friction factor) so..."

Prob 6.81
The solution shown is for a particle diameter of 0.0001 inches, which was the value in this problem in the second edition.  Here we have switched to SI and used a 1.00 micron particle.

              


Problem 7.31  See the discussion above and the replacement text for Section 7.5.3 with a corrected version.    The revised solutions are shown below;

Solutions to accompany problems in Section 7.3.5

7.31 The spreadsheet shown below contains the solution to this problem and to the next two.  The first column lists the variables. Comparing it to Tab. 7.2 we see that it includes several additional rows, not included there, but useful in computing the average molecular weight of the mixture.  The second and third columns are the solution to Ex. 7.11, shown in Table 7.2.  The fourth column is the solution to part (b) of this problem, which shows that introducing an orifice coefficient of 0.6 reduces the flow rates and P2 but has negligible effect on A/F. The next two columns correspond to Prob. 7.32 and the final column to Problem 7.33 (c).

7.32  See the spreadsheet in the preceding problem.  

(a) Column 5 correspond to part (a) of this problem.  The overall velocity V3 and the mass flow rate of fuel are substantially increased, so that the flame would be much larger than for natural gas.  The air -fuel ratio is substantially reduced so that the flame would be richer and more likely to smoke than for natural gas. 

 (b) Column 6 shows that the mass flow rate of the gas is reduced from part (a) but still about 25% more than in column 3.  The air fuel ratio is 89% of that in column 3. The result is that the burner has practically the same heat output and flame characteristics as for natural gas.
7.33 (a) Using the spreadsheet in the preceding two examples, one finds that the R of the jet, incoming air, and mixture are: 3270, 2251 and 2487.  These all correspond to turbulent or transition flow 

	(b) The probable shape is sketched at the right.  It is perturbed from the shape we expect for turbulent flow by the high velocity jet in its center.  It is further complicated by the fact that for this short a tube, L/D ≈ 9, this is an entrance region flow.
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	Ex 7.11
	Ex 7.11
	7.31 (b)
	7.32a
	7.32b
	7.33 c

	
	First guess
	Solved
	Solved
	Solved
	Solved
	Solved

	D tube, inches
	0.425
	0.425
	0.425
	0.425
	0.425
	0.425

	D gas jet, inches
	0.035
	0.035
	0.035
	0.035
	0.035
	0.035

	A tube, in  sq
	0.141862875
	0.141862875
	0.141862875
	0.141862875
	0.141862875
	0.141862875

	A jet, in sq
	0.000962115
	0.000962115
	0.000962115
	0.000962115
	0.000432952
	0.000962115

	Tube length, inches
	
	3.75
	3.75
	3.75
	3.75
	3.75

	P2, guessed, psi
	-0.005
	-0.001274967
	-0.000439473
	-0.003453803
	-0.001631631
	-0.001646148

	P2,  guessed, kpa
	-0.034485
	-0.008793446
	-0.003031043
	-0.023820882
	-0.011253359
	-0.011353485

	  same, inches of water
	-0.1385
	-0.035316581
	-0.012173392
	-0.095670355
	-0.045196177
	-0.045598309

	rho air, lbm/ft3, at 2
	0.07497449
	0.074993495
	0.074997758
	0.074982379
	0.074991675
	0.074991601

	rho gas, lbm/ft3, at 2
	0.041365236
	0.041375721
	0.041378073
	0.113766367
	0.113780473
	0.041374677

	P gas, in H2O
	4
	4
	4
	11
	11
	4

	  same, psi
	0.14461316
	0.14461316
	0.14461316
	0.397686189
	0.397686189
	0.14461316

	   same, kPa
	0.997396963
	0.997396963
	0.997396963
	2.742841649
	2.742841649
	0.997396963

	Orifice coef, C
	1
	1
	0.6
	1
	1
	1

	V gas, ft/s
	183.1434223
	180.8262034
	108.1815265
	180.8278069
	180.4054521
	181.0583804

	  same, m/s
	55.81939114
	55.11313726
	32.97212025
	55.11362601
	54.98489853
	55.18390137

	V air, ft/s
	20.30517762
	10.25217935
	6.018944489
	16.8751543
	11.59799689
	11.64948488

	  same, m/s
	6.188716129
	3.124711781
	1.834484757
	5.143296039
	3.534896948
	3.550589724

	Mass flow air, lbm/s
	0.001499777
	0.000757436
	0.000444708
	0.00124656
	0.000856845
	0.000860648

	Mass flow gas, lbm/s
	5.06164E-05
	4.99887E-05
	2.9908E-05
	0.00013745
	6.17155E-05
	5.00516E-05

	Mol flow rate air, lbmol/s
	5.17164E-05
	2.61185E-05
	1.53348E-05
	4.29848E-05
	2.95464E-05
	2.96775E-05

	Mol flow rate gas, lbmol/s
	3.16353E-06
	3.12429E-06
	1.86925E-06
	8.5906E-06
	3.85722E-06
	3.12822E-06

	Total molal flow
	5.488E-05
	2.92428E-05
	1.7204E-05
	5.15754E-05
	3.34036E-05
	3.28057E-05

	Total mass flow
	0.001550393
	0.000807425
	0.000474616
	0.00138401
	0.000918561
	0.0009107

	Avg MW
	28.25062206
	27.61108348
	27.58752236
	26.83467008
	27.4988487
	27.76037247

	rho mix, lbm/ft3
	0.073061954
	0.071407975
	0.071347041
	0.069400009
	0.071117712
	0.071794067

	V3, ft/s
	21.26169784
	11.32868477
	6.664522981
	18.71743031
	12.47607382
	12.70869868

	   same, m/s
	6.480249265
	3.45281462
	2.03124748
	5.704794364
	3.802521737
	3.873422336

	Re mix
	4668.434378
	2487.441118
	1463.330371
	4109.789151
	2739.373514
	2790.450992

	 e drawn tubing, inches
	0.00006
	0.00006
	0.00006
	0.00006
	0.00006
	0.00006

	Diameter, inches
	0.425
	0.425
	0.425
	0.425
	0.425
	0.425

	Tube length, inches
	3.75
	3.75
	3.75
	3.75
	3.75
	3.75

	e/D
	0.000141176
	0.000141176
	0.000141176
	0.000141176
	0.000141176
	0.000141176

	f  Eq. 6.21
	0.009638069
	0.011546811
	0.013502896
	0.009992204
	0.011227226
	0

	4fL/D
	0.340167126
	0.407534502
	0.476572806
	0.352666027
	0.396255024
	0

	P2 calculated, psi
	-0.000270321
	-0.001274829
	-0.000439388
	-0.003453906
	-0.001631599
	-0.001646402

	  same, kPa
	-0.001864404
	-0.008792499
	-0.00303046
	-0.023821593
	-0.011253137
	-0.011355234

	  same, inches of water
	-0.007487892
	-0.035312776
	-0.012171053
	-0.095673208
	-0.045195286
	-0.045605334

	P2 calc/P2guessed
	0.054064203
	0.999892249
	0.999807814
	1.00002982
	0.999980281
	1.000154054

	A/F
	29.63024579
	15.15216245
	14.86918001
	9.069213592
	13.88378592
	17.19522558

	Kinematic viscosity ft2/s
	0.0001613
	0.0001613
	0.0001613
	0.0001613
	0.0001613
	0.0001613

	Re jet
	3311.644855
	3269.744326
	1956.165235
	3269.773323
	3262.136197
	3273.942609

	Re air
	4458.411081
	2251.072652
	1321.580599
	3705.280316
	2546.574022
	2557.87925


 (c) The total mass flow with no friction increases by 12% and the air-fuel ratio by 13% compared to column 3.  Thus, the friction effect is significant, but not major.

Problem 8.23  Substitute the following for the current solution in the solutions manual

8.23
(a) 
[image: image51.wmf]
(b) Using Eq.  5.H with an orifice coefficient of 0.6



[image: image52.wmf]
At this point, the simple application BE leads to strange results.  


[image: image53.wmf]


[image: image54.wmf]
This makes little sense because we have used the reservoir density to estimate the velocity while assuming the volumetric flow rate at the throat corresponded to the actual discharge volumetric flow rate.  Various schemes have been proposed to deal with this kind of problem using B,E,, none of which are very satisfactory

(c) The required mass flow rate is 

[image: image55.wmf]
From Eq. 8.27



[image: image56.wmf]


[image: image57.wmf]
(d)
The required area is (1/0.84) times that in part (c) or 0.0193 in2 and the required diameter is 

[image: image58.wmf]
(e)  The diameter actually used, 0.156 in is ≈ the same as the answer to part (d).  The simple B.E. solution gives a much larger diameter; the frictionless compressible flow solution is very close to the value used.  For this high an initial pressure and corresponding high gas velocity B.E. is very misleading, and the equations developed in this chapter should always be used.

(f)  Such a relief valve permits a small accident to prevent a much bigger one.  If such a container were exposed to a fire (e.g. stored in a garage of a burning building), with no relief valve the fire would heat the container enough to rupture it, causing a huge fireball that would kill anyone nearby (e.g. a fireman fighting the fire).  The relief valve discharges gas, preventing such a container rupture.  The burning relief valve discharge jet is scary, and can kill anyone it hits, but it is much less dangerous than a container-rupture fireball.

(g)  The standard valve on small propane cylinders (not including the 1 lbm throwaway containers) screws into a boss in the top of the container.  On one side it has a connection used to fill it with liquid and then discharge vapor to the appliance being served through some kind of flexible hose (the "service opening").  The relief valve is placed on the other side, closer to the container than the service opening, below the point where the valve shuts off flow to the service valve.  Normally it will have "375 psi" on the valve body near it.  At its back is a retaining cap or insert, which is screwed in far enough to set the relief valve spring, and then "staked" in place by punching the side of the valve body to lock it in the proper position.

Problem 15.21,  Delete the " after the problem number.

Problem 16.12   The solution shown is for 1, 1.  For 0, 5 we have 
[image: image59.wmf], 
[image: image60.wmf],
[image: image61.wmf], 
[image: image62.wmf] which is not a very realistic pressure in any fluid flow (although not totally impossible if the fluid's vapor pressure is very low, e.g. a lube oil).  I should have checked this before putting the problem in the book.
_________
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