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  CHEMICAL REACTION EFFECTS ON 
VERTICAL OSCILLATING PLATE 
WITH VARIABLE TEMPERATURE 

A free convective flow of a viscous incompressible flow past an infinite vertical 
oscillating plate with variable temperature and uniform mass diffusion is pre-
sented here, taking into account the homogeneous chemical reaction of the 
first-order. The plate temperature is raised linearly with respect to time, and the 
concentration level near the plate is raised to wC ′ . An exact solution to the di-
mensionless governing equations has been obtained by the Laplace transform 
method, when the plate is oscillating harmonically in its own plane. The effects 
of velocity and concentration are studied for different parameters like phase 
angle, chemical reaction parameter, Schmidt number and time. It is observed 
that the velocity increases with the decrease of the phase angle ωt or a chemi-
cal reaction parameter. 

Key words: chemical reaction; oscillating; vertical plate; heat and mass 
transfer. 

 
 

Diffusion rates can be tremendously altered by 
chemical reactions. Chemical reactions can be codi-
fied as either heterogeneous or homogeneous pro-
cesses. This depends on whether they occur at an 
interface or as a single phase volume reaction. In 
well-mixed systems, the reaction is heterogeneous if 
it takes place at an interface and homogeneous if it 
takes place in the solution. In most chemical reac-
tions, the reaction rate depends on the concentration 
of the species itself. A reaction is said to be of the 
first-order if the rate of the reaction is directly propor-
tional to concentration. In many chemical engineering 
processes there is a chemical reaction between a 
foreign mass and the fluid. These processes take 
place in numerous industrial applications such as ma-
nufacturing of ceramics, food processing and polymer 
production. 

Chambre and Young [1] have analyzed a first- 
-order chemical reaction near a stationary horizontal 
plate using a similarity transformation. Ramanamur-
thy and Govindarao [2] have made an analysis of the 
flow around a cylindrical catalyst pellet with the first- 
-order chemical reaction. Apelblat [3] studied an ana-
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lytical solution for mass transfer with a chemical reac-
tion of the first order. Das et al. [4] have studied the 
effect of a homogeneous first-order chemical reaction 
on the flow past an impulsively started infinite vertical 
plate with uniform heat flux and mass transfer using 
Laplace transform technique. The flow of a viscous, 
incompressible fluid past an infinite isothermal vertical 
plate, oscillating in its own plane, was solved by 
Soundalgekar [5]. The effect on the flow past a verti-
cal oscillating plate due to a combination of concen-
tration and temperature differences was studied ex-
tensively by Soundalgekar and Akolkar [6]. The effect 
of mass transfer on the flow past an infinite vertical 
oscillating plate in the presence of constant heat flux 
has been studied by Soundalgekar et al. [7]. The go-
verning equations are tackled using the Laplace trans-
form solution. 

The study of unsteady flow past an infinite ver-
tical oscillating plate with prescribed variable tempe-
rature and uniform mass diffusion is not studied in the 
literature. Hence, it is proposed to study the effects of 
a homogeneous chemical reaction of the first order 
and free convection on the oscillating infinite vertical 
plate with variable temperature and uniform mass dif-
fusion. The dimensionless governing equations are 
solved using the Laplace transform technique. The 
solutions are in terms of an exponential and comple-
mentary error function. 
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Governing equations 

The first-order chemical reaction effects on un-
steady flow of a viscous incompressible fluid past an 
infinite vertical oscillating plate with variable tempe-
rature and uniform mass diffusion is studied. It is as-
sumed that the effect of viscous dissipation is negli-
gible in the energy equation and there is a first-order 
chemical reaction between the diffusing species and 
the fluid. The x-axis is taken along the plate in the 
vertically upward direction and the y’-axis is taken 
normal to the plate. Initially, the plate and the fluid are 
of the same temperature, T∞, and concentration C∞′ . 
At time t’ the plate starts oscillating in its own plane 
with frequency ω’ and the temperature of the plate is 
raised linearly with respect to time while the concen-
tration level near the plate is raised to wC ′ . Then, by 
usual Boussinesqs’ approximation, the unsteady flow 
is governed by the following equations:  
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On introducing the following non-dimensional 
quantities: 
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in Eqs. (1)–(4), leads to: 
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The initial and boundary conditions in non-di-
mensional form are: 
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All the physical variables are defined in the no-
menclature. The solutions are obtained for a hydro-
dynamic flow field in the presence of the first-order 
chemical reaction. 

Solution procedure 

The dimensionless governing equations (6) to 
(8), a subject to the boundary conditions (9), are 
solved by usual Laplace-transform technique and the 
solutions are derived as follows: 
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In order to get the physical insight into the pro-
blem, the numerical values of U have been computed 
from Eq. (12). While evaluating this expression, it is 
observed that the argument of the error function is 
complex and, hence, we have separated it into real 
and imaginary parts by using the following formula: 
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RESULTS AND DISCUSSION 

In order to get a physical view of the problem, 
numerical calculations are carried out for different va-
lues of the phase angle, chemical reaction parameter, 
Schmidt number and time. The purpose of the cal-
culations given here is to asses the effect of different 
ωt, K, Sc and t upon the nature of the flow and trans-
port. The Laplace transform solutions are in terms of 
an exponential and complementary error function. 

The velocity profiles for different phase angles 
(ωt = 0,π/4,π/3,π/2), K = 2, Gr = 2, Gc = 2, Sc = 0.6, Pr 
= 7.0 and t = 0.2 are shown in Figure 1. It is observed 

 

 

Figure 1. Velocity profiles for different values of ωt. 
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that the velocity increases with a decrease of the pha-
se angle ωt.  

Figure 2 illustrates the effect of the velocity for 
different values of the reaction parameter (K = 0.2, 5 
and 10, ωt = π/3, Gr = 5, Gc = 5, Sc = 0.6, Pr = 7.0 
and t = 0.2. The trend shows that the velocity in-
creases with a decrease of a chemical reaction para-
meter. The effect of velocity profiles for different times 

(t = 0.2, 0.3 and 0.4, K = 2, ωt = π/3, Gr = 2, Gc = 2, 
Sc = 0.6 and Pr = 7.0) is shown in Figure 3. In this 
case, the velocity increases gradually with increasing 
the values of time t. 

Figure 4 demonstrates the effect of concen-
tration profiles for different values of the chemical 
reaction parameter (K = 0.2, 2, 5 and 10, Sc = 0.6 and 
time t = 0.4). It is observed that the concentration 

 

Figure 2. Velocity profiles for different values of K. 

 

Figure 3. Velocity profiles for different values of t. 
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increases with a decrease of a chemical reaction pa-
rameter. The concentration profiles for different Schmidt 
number (Sc = 0.16, 0.3, 0.6 and 2.01, K = 0.2 at time t 
= 0.2 are shown in Figure 5. The effect of the concen-
tration is important in a concentration field. The pro-
files have a common feature that the concentration 
decreases in a monotone fashion from the surface to 

a zero value far away in the free stream. It is ob-
served that the wall concentration increases with de-
creasing the values of the Schmidt number. 

The temperature profiles calculated for different 
values of time (t = 0.2, 0.4, 0.6 and 1) are shown in 
Figure 6. for water (Pr = 7.0). The effect of a thermal 
radiation parameter is important in temperature pro-

 

Figure 4. Concentration profiles for different values of K. 

 

Figure 5. Concentration profiles for different values of Sc. 
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files. It is observed that the temperature increases 
with increasing the time t. 

CONCLUSIONS 

The first-order chemical reaction effects on the 
unsteady flow past an infinite vertical oscillating plate 
and in the presence of variable temperature and a 
uniform wall concentration is studied. The dimension-
less equations are solved using the Laplace transform 
technique. The effect of velocity, temperature and 
concentration for different physical parameters like ωt, 
K, Sc and t are studied. It is observed that the velocity 
increases with decreasing a phase angle ωt and a 
chemical reaction parameter K. The trend is just re-
versed with respect to time t. It is also observed that 

the concentration increases with a decrease of the 
Schmidt number or a chemical reaction parameter. 
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Figure 6. Temperature profiles for different values of t. 
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NAUČNI RAD 

  UTICAJI HEMIJSKE REAKCIJE NA VERTIKALNU 
OSCILUJUĆU PLOČU SA PROMENLJIVOM 
TEMPERATUROM 

U ovom radu je predstavljeno strujanje viskoznog nestišljivog fluida oko beskonačne 
vertikalne ploče prirodnom konvekcijom pri promenjljivoj temperaturi i uniformnoj difuziji, 
u prisustvu homogene hemijske reakcije prvog reda. Temperatura ploče raste linearno 
sa vremenom, a koncentracija blizu ploče se povećava do wC ′ . Tačno rešenje bezdi-
menzionih jednačina je dobijeno metodom Laplasove transformacije, kada ploča harmo-
nijski osciluje u sopstvenoj ravni. Uticaji brzine fluida i koncentracije ispitani su za razli-
čite parametre, kao što su: fazni ugao, parametri hemijske reakcije, Šmitov broj i vreme. 
Uočeno je da brzina raste sa opadanjem faznog ugla ωt ili parametra hemijske reakcije. 

Ključne reči: hemijska reakcija; oscilovanje; vertikalna ploča; prenos toplote i mase.
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


