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HIGHLIGHTS

GRAPHICAL ABSTRACT

e The modeling method has better
agreement with the experimental
frequency in most cases compared
to the Helmholtz method, and it has
an  acceptable accuracy in
calculating thrust and chamber
maximum pressure.

eln both methods, the frequency
decreases with the increase of
combustion chamber dimensions.

o The correction factor is dependent
on the combustion chamber
dimensions and varies in the
approximate range of 0.72 to 1.2.
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Accurate prediction of the operational frequency and thrust of valved pulsejet
engines is vital for their design and optimization. Two common approaches for
frequency estimation are using Helmholtz resonator models and modeling methods
based on simulating the engine's operational cycle. This research was conducted to
compare the results from a developed modeling method with those obtained from the
nonlinear Helmholtz resonator relation. In the modeling method, the engine's
operational cycle, including the intake, two-zone combustion (flame propagation),
and exhaust stages, is simulated step-by-step. To perform the calculations of the
modeling method, a Fortran code was developed to calculate the frequency for a
wide range of engine geometries (combustion chamber diameter of 5 to 30 cm and
combustion chamber length-to-diameter ratio of 1 to 2.25) using both methods. The
results showed that both methods predict the general trend of decreasing frequency
with increasing engine dimensions, but there are differences between them,
especially at smaller diameters. To improve the consistency of the modeling
method's results with the conventional Helmholtz method, a geometry-dependent
correction factor (dependent on the diameter and the length-to-diameter ratio of the
combustion chamber) was presented. This factor varied in the approximate range of
0.72 to 1.20. Using this correction factor demonstrates the difference between the
modeling method and the Helmholtz method and allows for the use of more physical
parameters of the modeling method while maintaining consistency with the
Helmholtz results.
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    P  o +   𝜌   V  o 2 2 =   P  I +   𝜌   V  I 2 2           →   V  I =    2  (   P  o −   P  I )  𝜌


      m .  I = 𝜌 A   V  I =     P    P  t   P  t  R T A   V  I


      ( m  I )  n e w =     ( m  I )  o l d +   (     m .  I )  o l d ∆ t


      ( m  I )  n e w =    (     P    P  t   P  t ∀  R T )  n e w      


  →     ( P  t )  n e w =   P  I =    (     m  I R T    P    P  t ∀ )  n e w


  →     ( P  t )  n e w =   P  I =    (     m  I R T    P    P  t ∀ )  n e w


    E  b =   E  u


   [   E  b  (   T  b ) +   E  0 b ] −  [   E  u  (   T  u ) +   E  0 u ] = 0


   [   E  b  (   T  b ) +   E  0 b ] −  [   E  u  (   T  u ) +   E  0 u ] = 0


    T  b =   T  u + 2500 ∅


    S  L =  (   7780 . 8     (  10000    T  b +  900    T  u )  4 . 938 )   P  − 0 . 9876


    d   m  b  d t =   𝜌  u   S  T   F  s


    d P  d t =      [  (   e  b −   e  u ) −   c  v b  (   T  b −     R  u    R  b   T  b )   ]   (     c  v b    c  p u     R  u    R  b  ∀  u −     c  v u    c  p u  ∀  u −     c  v b    R  b ∀ )   d   m  b  d t


    d   T  u  d t =    ∀  u    m  u   c  p u   d P  d t


    d   T  b  d t =  1    m  b   R  b  [ −  (   R  b   T  b −   R  u   T  u )   d   m  b  d t +  ( ∀ −     R  u  ∀  u    c  p u )   d P  d t   ]


      m .  o u t = P A    k  R T    (  2  k + 1 )    k + 1  k − 1


    V 2 →   M a 2


  →      (   f   L  m a x  D ) 3 =    (   f   L  m a x  D ) 2 −   f L  D


  →      (   f   L  m a x  D ) 3 =    (   f   L  m a x  D ) 2 −   f L  D


  →   M a 3 →   V 3


  →   M a 3 →   V 3


    C  d N ≅ 0 . 99 − 0 . 2262   𝛽  4 . 1 +  ( 0 . 000215 − 0 . 001125 𝛽 + 0 . 00249   𝛽  4 . 7 )    (    10 6    R e  D )  1 . 15


    C  d T =    D  f L  ( 1 −   𝜌   V 2  2 ∆ P )


    C  d =   C  d N ×   C  d T


    m  n e w =   m  o l d −   C  d     m .  o u t ∆ t


      𝜔  e ∀    S  e   c  e  tan ⁡      𝜔  e   L  e    c  e = 1


  ∀


  ∀


  C F =     f  H e l m h o l t z    f  M o d e l i n g


  C F =   A 0 +   A 1 D +   A 2  (   L  D ) +   A 3   D 2 +   A 4    (   L  D ) 2 +   A 5  [ D ×  (   L  D ) ]

