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Table 1 Comparison of calculated and JANAF tabulated formation functions for acetylene

T, K

A,//°, kJ/mole ?0, kJ/mole log*/
Tabulated Corrected Tabulated Corrected Tabulated Corrected

298.15
500
1000
2000
3000

226.73
220.35
202.99
166.98
128.29

226.73
226.23
223.67
219.93
217.02

248.16
264.44
315.14
441.08
586.35

209.20
197.45
169.61
117.19
66.42

-43.48
-27.62
-16.46
-11.52
-10.21

-36.65
-20.63
-8.86
-3.06
-1.16

culated values. Figures 2 and 3 show similar comparisons for
the Gibbs energy of formation and the equilibrium constant
of formation, respectively. The tabulated values of the for-
mation functions are in obvious disagreement with values cal-
culated using the tabulated thermal functions, indicating a
lack of internal consistency in the JANAF tables. The cal-
culated values presented here are in agreement with others
in the literature.2-3 Reference 3 is a previous version of the
JANAF tables. As an additional check of the method of cal-
culation, formation functions for methane (CH4) and ethylene
(C2H4) were calculated and found to agree precisely with the
tabulated values.

Moreover, the tabulated and calculated values of the en-
thalpy of formation for acetylene are seen in Fig. 1 to agree
precisely at 298.15 K. This seemed to indicate a systematic
error in the tabulated values for acetylene rather than a ran-
dom error or an error in method. By definition, the enthalpies
of the reference elements are zero at 298.15 K. Therefore,
regardless of the stoichiometric coefficients on the right side
of Eq. (6), the correct value of the enthalpy of formation is
calculated at 298.15 K. Intuitively, one might then suspect an
error was made when writing Eq. (6) for the JANAF tables.
Indeed, if Eq. (6) is written with the incorrect coefficient for
H2as

C7H7 - 2Ca 2H7 (7)

and the formation functions are calculated on this basis, then
the tabulated values are obtained precisely. Therefore, it is
concluded that the JANAF tabulated values were incorrectly
obtained using Eq. (7) as the formation reaction. The incor-
rect and corrected values for the thermodynamic formation
functions are listed in Table 1 for a limited number of tem-
peratures. The authors of Ref. 1 are aware of the error and
plan to publish an addendum. The intent of this Note is to
communicate the corrected values to the technical community
as quickly as possible.

Summary
An error is found in the thermodynamic formation func-

tions for acetylene presented in the third edition of the JANAF
tables. The error is due to the use of an incorrect formation
reaction for acetylene. Corrected values are given in both
graphical and tabular form. The corrected functions are also
available in digital form from the author.
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I. Introduction

T HE turbulent offset jets find many important industrial
applications, such as heat exchangers, environment dis-

charges, fluid injection systems, combustion chambers, air
conditions for large buildings, etc. The flow pattern of tur-
bulent offset jets can be divided into three characteristic re-
gions: 1) the recirculation region, 2) the impingement region,
and 3) the wall jet region, as shown in Fig. 1. The flow char-
acteristics of turbulent offset jets were studied most recently
by Pelfrey and Liburdy,1"3 Bourque and Newman,4 and Saw-
yer.5-6

Although many investigators have studied backward-facing
step flow, only a few of the offset jets are considered, espe-
cially with entrainment boundary. In this Note, the high Rey-
nolds form of the k-s turbulence model and wall function for
the near-wall turbulence behavior are incorporated to predict
the mean flow characteristics of the flowfield at the single exit
Reynolds number Re = 15,000 and different offset ratio OR
= 3, 7, 11. The computed results are compared with the
experimental data reported in the literature.

II. Mathematical Formulation
The steady conservation equations for incompressible two-

dimensional Cartesian coordinates mean flow characteristics
of turbulent flow can be written as

A 1 fh ~ I ' T I 1 ,/> T

(1)

where </> stands for the dependent variables u, v, k, and e\ u
and v are the local time-averaged velocity in x and y directions,
respectively; and F^ and S^ are the corresponding turbulent
diffusion coefficient and source term, respectively, for general
variable c/>. These equations are summarized in Table 1. The
turbulent viscosity /A, can be written as

(2)
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the effective viscosity p,e can be written as

(3)

The constants of the k-e turbulence model suggested by
Launder and Spalding7 are shown in Table 2.

The boundary conditions used for the offset jet are shown
in Fig. 2. For this flowfield a nonuniform staggered grid sys-
tem with finer grids near the wall and jet exit is used.

A. Inlet Boundary (BC)
In this study, a uniform velocity profile is considered and

the conditions at the exit of the nozzle are given as

U = Uin

k = kin = iUJn

lr 3/2Kin
8 = £<n = ~TT

(4)

where i is the turbulence intensity, A is the length-scale con-
stant, and t is the thickness of nozzle.

Table 1 Conservation equations
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Table 2 Constants of the k-e model

0.09
c,

1.44 1.92 1.0 1.3

B. Wall Boundary (AF, AB, CD)
Due to the no-slip condition at the wall, the gradients of

the flow properties are steep and have the effects of low
Reynolds number phenomena. In order to simplify the prob-
lem, a finer grid distribution is considered and the wall func-
tion model is employed. The model used here is the one
proposed by Launder and Spalding.7 It can be written as

(5)

(6)
^P

where Up, yp, kp, and ep represent the velocity, normal dis-
tance, kinetic energy, and energy dissipation rate at point P
near the wall. rw is the wall shear stress. E and K are constants
with the values of 9.0 and 0.42, respectively, according to the
logarithmic law of the wall.

C. Entrainment Boundary (DE)
Along this boundary, fluid enters the solution domain at

an unknown rate. However, when the boundary is far enough
away from the flow region, the velocity gradients normal to
the boundary can be considered as zero:

dy -dy (7)

D. Outlet Boundary (EF)
A zero gradient condition as below:

dx dx (8)

is employed across the outlet boundary (EF). Although this
boundary condition is strictly valid, only when the flow is fully
developed, it is also permissible for sufficient far downstream
from the region of interest.

III. Numerical Procedure
The numerical method used in the present study is based

on the SIMPLE algorithm of Patankar and Spalding.8 The
conservation equations are discretized by control volume based
finite difference method with power law scheme. The set of
difference equations are solved iteratively using a line by line
solution method in conjunction with a tridiagonal matrix form.
The computation domain considered in this study extended
to xlt = 45 and y/t = 18. Based on the grid independence
study, 48 grid lines were used in the stream wise direction and

recirculation impingement
. —f • , >ragion I region

Fig. 1 Offset jet flow geometry.
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Fig. 2 Boundary conditions for computing domain.
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Fig. 3 Mean velocity vectors.
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Fig. 4 Streamline of offset jet flow: a) OR = 3, b) OR = 7, and c)
OR = 11.

54 grid lines in the cross-stream direction is enough. The
solution is considered to be converged when the normalized
residual of the algebraic equation is less than a prescribed
value of 0.001.

IV. Results and Discussion
Figure 3 shows the mean velocity vectors of the flowfield

with OR = 7. It is obvious that the flowfield can be divided
into the recirculation region, the impingement region, and
the wall jet region.

Figure 4 shows the streamline of the flowfield at different
OR = 3, 7, 11. Referring to Fig. 4, in the case of large offset
ratio, the corresponding streamline curvature of the jet cen-
terline becomes large and the jet impinges to the flat plate
nearly vertical.

V. Conclusions
Numerical solutions for turbulent offset jets that have been

achieved by formulating the differential conservation equa-
tions governing the flow with an entrainment boundary re-
quires large amounts of computer time in order to predict the
finer details of the flow with sufficient resolution. Certain
discrepancies between calculations and the available data may
be caused by the isotropic assumption in the eddy viscosity/
diffusivity model.
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= mesh height
= Reynolds number based on Ll
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