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Abstract 
t Both Engineering st~~dents and practicing Engineers are involved in the 

design and analysis associated with fluid mechanics and the~mo-dynamics 
problems. For them to be very efficient and proficient in lyndling various 
problems there is need for scientific data and general inforination in forms 
of tables or graphs. These must be made available in a compact form. In this 
paper a successful attempt was made to make available this aforementioned 
data in respect of compressible flow. All the equations concerned are 
brought togetlier in a simplified form and progranvlled to generate useful 
data for various gases of interest 011 compressible flows. Analysis of 
comp~ssible fluid flow becomes very easy if one has access to information 
as presented in this paper. 

Introduction 
The main aim of this coinpilation is to make available some of the scientific data and general 

information that are needed by Engineering students and practicing Engineers involved in the analysis 
of problems on compressible flows. The experiences gathered in the process of teaching students at 
the undergraduate level have gone a long way to suggest that students' problems will be minimized if 
theses information are successfully packaged. 

Conditions of a fluid flow once known can be used in conjunction with equations relating 
upstream and downstream cqnditions to predict or in designing flow in pipeline. When analyzing 
compressible fluid flow given different upstream conditions, and equations relationship are employed, 
it could be rigorous to calculate manually. Rather a table values relating the conditions upstream and 
dowllstrearn can be generated for use. 111 this write up particular references is made to the gas with 
ratio of specific heats (GAMMA) 1.25. 

The paper includes computer programs that generate values for upstream and downstream 
relations for the following types of flow: isentropic flow, adiabatic flow, nom~al shock wave and 
oblique heats can be varied to obtain' info&ation on other gases, for instance gamma equals 1.14, 1.3, 
1.35, and 1.67. 

Lack of the information mentioned above in for111 of tables or graphs has not been helpful to 
students to understand quickly the issues involved in the analysis of compressible flows. The 
information complied and package in this paper will be very useful compendium for students working 
on sundry problems in the areas of Therrnodynan~ics and Fluid mechanics. 

Application Equatibns for Compressible Fhid Flow 
Adiabatic Flow with Friction (Fanno Flow) 

ISENTROPIC PLOW r 
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F \ F Y 

-- Mi, = [(. +1)hll2 ' (Y+ 1) (Po11 =r(Pa)z P2 

Oblique Shock Equations 

TAN@--B)= 2 + ( y - l ) M a l  2 ~ I N 2 P  
TAN p ( y +  l)Mal 2~IN2f! ................................................... (15) 

TAN 8 = 2COTB (Ma, 2 ~ ~ ~ B  - 1 ) 
....................................................... ~a~ ' cY + C O S Z ~ )  3.2 (16) 

Equations (1-16) above were incorporated into the computer programs to generate the values of the 
unknown parameters: pressure ratio, velocity ratio, temperature ratio, and FW2 (A/P). The value of 
gamma is the only required input for the program to run and generate the relevant data. The value of 
heat ratio, gamrqa used in the sample run is 1.25. 

Results and Discussion 
The application sofhvaie for generating the unlcnown parameters for the compressible fluid 

flow under different conditions is attached. The value of gamma happens to be the only required input 
for the program to run. With this development the students of Engineering and Professional Engineers 
will be able to analyse problems on compressible fluid with greater level of efficiency. 

Conclusion 
Having carried out this exercise of developing workable computer software for conlpressible 

fluid flow and found very efficient, it can be concluded that the manu.1 use of equations which tend to 
be tedious and time consuming is completely done away with. Values of parameters needed for 
analisis can easily be picked up firom the relevant tables that are generated or square interpolation 
could be employed t.0 obtain those parameters that are'ndt directly found in the tables. 
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Source Codes 

Option Explicit 

Private Sub Cancel Button - Click ()' ' 

Dialog. Hide 
Form 1. Show 
End Sub 

Private Sub Command 1 - Click () 
'k. 

End Sub 

TempR = 1 1 ((1 + ((gamma - 1)/2)* 
counter 2))) 
DenseR = (TempR) A ( 1 lgamma- 1 )) 
PresR = (DensR) A gamma 
If counter = 0 Then 
AreaR = 0 
Else 
~ r e i ~  = (llcounter) I:(((+ ((gamma - 
1) 12) - 
* (counter A 2)) / ((gamma + 1) 12)) A 

((gamma + 1)/(2 * (gamma- 1 )))) 
End If 
theta1 = (((gammal+ 1 ) / (gamma- 1)) A 

0.5) 
If (counter < 1 Or counter =1) Then 
theta2 = 0 

Private Sub Compute - Click() theta3 = 0 
Dim Mach 1 As Double theta = 0 
Dim Mac?&? As Double Else 
Const pi = 22#/7# theta2 = Atn (Sqr (((gamma - 1) / (gamma 
Const gamma = 1.25 + I > > *  
Dim c m t e r  As Double (counter A 2- 1 ))) * (180 /pi) 
Dim PresR As Double theta3 = (Atn ((counter / Sqr (counter* 
Dim Results As String counter - 1 )) * (pi / 180))- 
Dim TempR As String t Sgn ((counter) - 1) * 1.5708) 
Dim DensR.As Double theta = (theta1 * theta2) - (theta3) 
Dim Are& As Single End If 
Dim theta, thetal, theta2, theta3 As 
Double Results = Results and vbCrLf and vbTab and 
Results = " Compressible Fluid Format- 
Flow in Duct of Constant" and vbCrL and (counter, M.00) and vbTab and vbTab and 

Fotmat- 
Crass-Section "and " (Isentropic (PresR, ####0.000) and vbTab and vbTab 

Flow) Gamma = 1.25 and vbCrL and and Format 2 

vbCrLf and vbTab and Mach No. and (DensR, ###0.000) and vbTab and vbTab 
vbTab and vbTab and $/Po and vbTab and and ~o&at  
vbTab and "~ensR" (TeinpR, "###0.000") and vbTab and vbTab 
and vbTab and vb~&and 'cTIT~" and vbTab & and Format 
vbTab and A/At and vbTab and vbTab aiid (AreaR, ###0.000) and vbTab and vbTab 
"Theta" and vbCrLf and Format, 

.., . (theta, "###0OO0'3 

For cobinter =Val(Imach 1. Text) To Next counter 
Val (Imach2, Text) - 
Step 0.05 Dialog. Hide 

fir Results. Show 
fi-mResults. TxtResults. Text = Results if counter = 0 Then 

. . VelRI = 0 
Debug. Print Results Velr = 0 
End Sub PresR = 0 

MaxLen = 0 
Private Sub OKButton- Click() Else. _ . 
Dial~g. Hide VelRl= (1 /counter)* Sqr (Tenlp~1 ) 
Forn? 1. Show Velr = l/VelRI - 

- End Sub PresR = (I / VelRl) * Te~npRl 
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Maxlenl = counter A 2 * ((gamma + 1) / 

Option Explicit 

Private Sub CancelButton - Click () 
Dialog 1. Hide 
Forq 1. Show 
End Sub 

Private Sub crndCompute2-Click () 
Dim PresR, tempRl, TempR, VelRl, 
VelR, - 
DensR, MaxLen, counter As Double 
Dim Resulk As String 
Dim Maxlenl , Maxlen2, Maxien3 As 
Double 
Const gamma = 1.25 
Results = vbTab and VbTab and Adiabatic 
Flow with Friction in a Pipe" - 
And vbCrLf and vbTab and " of Constant 
Cross - Section " and - 
"(Fanno Flow). Gamma = 1.25" and 
vbCrLf and vbTb' aqd - 
"Mach No. "and" Pc/P "and" T/Tc 
L L  

and" VYVc "and" FV2(A/P) "and 
vbCrLf 

. (((gamma - 1 ) * (counter A 2)) + 2 )) 
Maxlen2 = ((gamma + 1 ) / (2 * gamma)) 
* Log (Maxlenl) 
Mwlen3 = ( I  - (1 /counter A 2)) * (1 / 

. ,gamma) 
MaxLen = Ahs (Malen3 - Maxlen2) 
End If 
Results= Results and vbCrLf and vbTab and 
Fonnat 
(counter, "#O.OO") and " " and Format 
- 
(PresR, "###O.OOO") and " " and Format 
- 
(TempR, "##0.000") and " " and 
fo~~na t  - 
(VelR, "###0.000) and " " and 
Format - 
(MaxLen, "###0.000) 
Next coru~ter 

Dialog 1. Hide 
fi-rnResults2. Show 
frnlies~1Its2. TxtResults2. Text = Results 
End Sub 

For counter = Val (txtMach1. Text) TO 

Val (txtMach2. - 
Text ) Step 0.02 
TempRl = (14- (0.5 *(gamma - 1 * 
Counter A 2 )) - 
/ (1 t (0.5 * (gamma - 1))) 
TempR = 11 TempRl 
Dim Mach As ~ o u b l e  
Dim Beta As Double 
Dim Numt As Double 
Dim Demt As Double 
piih theta 11 As Double - 
Dim Results4 As String 
Dim space As * 20 . 

Copst gamma = 1 -25 
Option Explicit 

Results4 = vbCrLf and vbTab and vbTab and 
vbTab and Compressible Flow in a Pipe Pi-ivate Sub CanceUButton- Click () 
of Constant Cross - Section " - Dialog3. Hide 
& VbTCrLf and vbTab and vbTab and vbTab & Form 1. Show 
L C  (Oblique Shock) Heat End Sub 

Ratio, Gamma = 1.31"- -. 

And vbCrLf and vbTab and "M" and VbTab gL Private Sub cmdCompute3- Click () 
" 10" and vbTab and "20" - Dim Mach2 As Double ' " , 

and vbTab and "30" and vbTab and "40" and Din1 PresRa, PresRal, PresRa2, 

Option Explicit 

Private Sub CancelButton- Click () 
Form 1. Show 
Dailog2. Hide 
End Sub 
Private Sub cmdCcon1pute3- Click () 
Const pi = 22#/ 7# 

Dialog2. Hide 
frmResuI ts4. ~ho; 

End Sub 
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vbTab and "'50" and vb=b and "60" - 
and vbTab and "70" and vbTab and "80" and 
vbTab and "90" and vbCsl f 

For Mach = Val ( k t 0  1. Text) To 

b Val (txt02. Text) Step 0.1 
Results4. = Results4 and vbTab and ' 

Folmat (Mach, "##0.0") 
For Beta =10 To 90 Step 10 

Numt = 2 * (1 /Tan (beta * pi / 180)) 
* ((Mach " 2)" 
(Sin(E$eta*pi/ 180) "2)- 1) 
Demt 2 ((Mach A 2) * (gamma + 
Cos (2" Beta * pi 11 80) - 
1) + 2 
theta 1 1 = (1 80 1 pi) * Aln (Nurnt / 
Dernt ) 
Results4 = Results4 and vbTab and 
Format (theta 1 1, " ~ 0 . 0 " )  
Next Beta 
Results4 = Results4 and vbCrLf 
Next Mach 

FrmResults4. txtReshlts4. Text = 
FrmResults4, txtResults4. Text - 
And vbCrLf and Results4 and vbCrLf 
(0.5 * (gamma - 1))) 
PresRa = (1 + (gamma * counter " 2)))/ 
(1 + (gamma * Mach2 " 2)) 
TempRa - PresRa A 2 * ((Mach21 
counter) " 2) 
DensRa = PresRa " / Ten* 
FresRal= ((1 + ( 0.5 * (gamma -1) * 
Mach2 " 2)) - 
" (gamma 1 (gamma - 1))) * PreRa 
P r e s W  = (((gamma + 1) * counter " 2) 
- 
1 (2 + ((gamma - 1) * counter " 2))) " - 
(gamma 1 (gamma - 1)) 
PresRa3 = ((gamma + 1 )) I - 
((2 *gamma * (counter'" 2)) - ganma + 
1)) 
A (17 (gamma - 1 )) 
PresRa4 = PresRa2 * PresRa3 
VelRa = 1 / DensRa 

Results3 = Results3 and vbCrLf and Format 
- 
(counter, "#0.00") and vbTab and Format - 
(Mach2, "### 0.000") and vbTab and Format 
-- 
(PresRa, "###0.000") and vbTab ancl 
Foimiit - 
(DensRa, "##0.000") and vbTab and 

PresRa3, PresRal, PresRa2, 
As Douible 
Dim Te111pRa As Double 
Dim DensRa As Doble 
Dim VelRa As Double 
Dim counter As Double 
Dim Results3 As String 
Const garnrna = 1.25 

Results3 = vbTab and "Normal Shock 
Wave in a Pipe of Constant Cross - 
Section" and vbCsLf - 
and " (Isentsopic Flow where Mach 
number is greater than 1, Ga~nma = 
1.31)"- 
and vbTCrLf and "M" and vbTab and - 
"M2" and &Tab and "p2/PlW and vbTab and - 
"p2/plV and vbTab and "T2fT1 and vbTab 
and - 
"(Po)2/(Po) 1" and vbTab and (Po)2/P1 and 
vbCrLf 

For counter = Val (txtNorm 1. Text) - 
To Val (txtNorm2. Text) Step 0.02 
Mach2 = Sqrl ((1 + (0.5 * (gamma - I )  - 
* counter A 2)) / ((gamma * (counter " 
2))- - 
CharaterG = Val (txtNorm1. Text) 
Select Case Cbaraier6 
Case Is < 1 # , 
MsgBox "Please enter a Mach number 
greater than 1 '' 
~~tNo1m1 .Set Focus 

Case Is,> 100# 
MsgBox "Please enter a Mach number 
less than 100" 
txtNortnl SetFocus 
KeepFocus = True 

Case Is = Val ("") 
MsgBox "Please enter a Mach number 
greater than 1" 
txtNormL. SetFocus 
KeepFocus = True 

End Select 
End Sub 

Private Sub kentropic Flow ken lick‘() 
Dialog. Show .. 
For111 I ,  Hide - 
End Sub 
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Format - 
(TemnpRa, "###0.000) and vbTab and Private Sub FannoFlow - Click () 
Format - Dialogl. Show 
(PresRa4, '###0.000") and vbTab and Form1 . Hide 
vbTab and Format - End Sub 
(PresRal, :###0.000") 
Nexr counter jPrivate Sub ObliqueShock - Click () 

Dialog2. Show 
Forml . Hide 

Dialog3. Hide End Sub 
fimResults3. Show 
fimResults3. TxtResults3. Text = Results3 Private Sub Planeshock - Click () 

Dialog3. Show 
End Sub ' - Form 1. Hide 

End Sub 
Dialog3. Hide 
frmResults3. Show 
fi-mResults3. TxtResults3. Text = Resul ts3 

End Sub 

Private Sub txtNorm1- LosfFocus() 
Dim Charater6 As Single 
End 
End Sub 

Private Sub cmdClose - Click () 
FrrnResults. Hide 
Dialog. Shc*:~ 
End Sub 

Private Sub cmdPrint - Click 0 
Dim cancel As Boolean 
Dim copy As integer 
On Error Go To errorhandler 
cancel = False 
CornmotlDialogl . Show Printer 
ComrnonDialogl . Flags = 

CdlPDNoSelection Or - 
Cdl PDNoPageNums Or - 

. " CdlPDNCollate 
CornmonDialogl .CancelEnor  me 
CommonDialog 1 .PrinterDefault = True 
~ o m & o n ~ i a l o ~ l  .Copies = 1 
If cancel = False Then 
Add actual print routines here 
For copy =1 To . 

ComrnonDialogl .Copies 
FrmResu1ts.PrintFonn 
Printer.ScaleMode = 5 
Printer.CurrentX = 2.25 
Printer.CurrentY= 2.25 
Printer.Print txtResi~lts.Text 
Printer.EndDoc 

Private Sub PlaneShock - Click () 
Dialog3. Show 
Form 1. Hide 
End Sub 

Private Sub Command5 - Click () 
Piivate Sub cmdClose - Click 0 
fmlResults2. Hide 
Dialogl . Show 
End Sub 

private Sub Cornand2 - Click () 

Private Sub cmdClose3 - Click () 
frmResults3. Hide 
Dialog3. Show 
End Sub 

Private Sub cmdPrint3 - Click() 
Dim copy As Integer 
On Error Go To errorhand 1 er 
canctl = False 
CommonDialogl .Showprinter 
Cori-imonDialogl . Flags = 
cdlPDHidePrintToFile Or - 

cd 1 PDNoSelection Or 
cdl PDNoPageNuins Or - 
cd 1PDCollate 

CommonDialogl .CancelEmr = True 
Con~monDialogl .PrinterDefault = True 
Co~nrnonDialogl .Copies =1 
If cancel = False Then 
For copy = 1 To 
Comn~onDialogl .Copies , 

Printer.ScaleMode =5- 
Pri11ter.Current.X = 2.25 
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Nexr copy 
End If 
Exit Sub 

errohandler 
If Err. Number = cd 1 Cancel Then 
Cancel = True I 

Resume Next 
End if 
End Sub 

Eyd Sub 

Private Sub cmdCancel4 - Click () 
FrmResuhs4.Hide 
Dialog2. Show 
End Sub 

7 - 
9,' , . 

Private Sub cmdPrint - Click() 
Dim cancel As Boolean 
Dim copy As Integer 
On Error Go To errorhandler 
cancel = False 
CommonDialogl .Flags = 
CdlPDHidePrintToFile Or - 

cdlPDNoSelection Or - - ..- 
cdl PDNoPageNums Or - 
cdlPDCollate 

CommonDailogl .GancelError = True 
CornmonDiaIogl .PrinterDefault = True 
CorninoslDialogl .Copies =I 
If cancel = False Then 
For copy = 1 To 
CommonDialogl .Copies 

Printer.ScaleMode =5 
Printer.CurrentX =2.25 
Printer.CurrentY =2.25 

a Printer.Print txtResults. Text 
Printer.EndDoc 

Next copy 
End If 
Exit sub 

errorhandler 
If Err.number = cd 1 Cancel Then 
Cancel = True 
Resume Next 
End If 
End Sub 

Priiiter.C~li~ei~tY - 2.25 
Printer.Print txtliesults. Text 
Printer.EndDoc 

Next copy 
End If 
Exit Sub 

errohandler: 
If Err. Number = cdlCtiacel Then 
cancel =True 
Resume Next 
Elld If 
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Adiabatic Flow with Friction in a Pipe of Constzll~t Cross- Section (Fanno Plow). Gamma = 1.25 
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