Journal of the Nigerian Association of Mathematical Physics
Volume35(May, 201§, pp105 — 114
© J. of NAMP

Development of One-dimensional Temperature Distribution Modein a
Hydraulic Press Platen

J. A. Akpobt and S.M.G. Akel@

Department of Production Engineering, University of Benin, Benin City, Ed State.
“Department of Mechanical Engineering, Auchi Polytechnic, Auchi,Edo $te.

Abstract

Hydraulic press is an essential compressive presgmocessing equipment, which has
a wide range of applications in polymer manufactag industry. The rate of heat
transfer through the hydraulic press plate has anxteemely significant effect on
polymer processing. This paper is on the developmef a model to predict
temperature distribution in a hydraulic press plate

To achieve this, a physical structure was constedto enable complete finite element
analysis. Then steady-one-dimensional heat trans€edinary differential equation,
relevant assumptions and suitable boundary condisocare deduced on the geometric
domain. The domain governing equation is then saluesing finite element method.
Obtained analytical solution from the governing egtion compared to finite element
model results shows that the model approximates/vast to the analytical solution as
the number of element is increased. With this maqdé¢herefore, temperature
distribution characteristics can be accurately prieted during design and service
stage.
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1.0 Introduction

Hydraulic press is an essential compressive presptwcessing machine, which has a wide range oficagtipns in
production or manufacturing industry. The rate edthsupplied and transferred through a hydraukspplate plays a vital
role in the transfer of heat to the polymer materacessed.

Heat transfer equation is a second-order partifiéréntial equation that describes physical heahdfer phenomenon
mathematical. In this application, the heat equmaisoexpressed in one dimensional based on the gissumptions; which
made it easier to apply the finite element metloamerical method of solution to differential etjoas.

Finite element method of analysis has been use¢hleirpast to solve one dimensional problem. FE nokthas adopted to
solve one dimensional heat equation in order teetsidnd the basis behind FE method using quadadjdine and cubic B-
spline. The solutions obtained compared with aiadytsolutionare found to agree well the one dinwma analytical
solution [1].Galerkin B-spline finite element wased in[2] to obtain numerical solutions to one disienal heat equation
by reducing the initial boundary value problem tdinary differential equations. The results theyaited were found to
agree favourably with analytical solutions in l#&rres.Also, solutions to one-dimensional heat ggavereachieved by the
derivation of analytical heat equation and numéroelicit centred difference scheme. A computargram was then used
on the heat equation which enabled error estinmabetused as basis of comparison [3]. More so,alonensional transient
heat equation was solved analytically and numdyi@add the solutions obtained were found to comgareurably [4].
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2.0 Model Geometry

. Metal plate
Heating element

A

Figure 1: heat transfer section

3.0 Problem Statement

In a hydraulic press heat transfer takes place tt@rupper plate to the polymer substance. Theaofdteat transfer in such
system is very important in during design and ofi@natherefore the knowledge of how temperatungéegain the direction
of heat transfer is essential. Consequently, ibbexs imperative to develop a model to predict ¢éneperature distribution in
one dimension in such a plate.

4.0 Mathematical Formulation

The study domain is subjected to the following agstions:

1. Heat conduction is steady with no heat genaratio

2. Heat conduction is one dimensional, along x-ariy (A>>L).

3. Thermal heat conduction across any sectionifenm

4. Thermal conductivity is constant (isotropic nnti.

5. Element length is uniform over domain region.

6. Heat transfer by radiation negligible with otliime sides of plate well insulated so the entieathenergy generated by

heating element is transferred at uniform rate gboiaxis alone.

With these assumptions, the governing three-dino@asiheat transfer equation is reduced to a seoothel- differential

equation in one-dimensionas:

2

44T qQ(0<xs<L)

dx?

Subject to the boundary conditions
T(0)=T,
T(H=T, @

Where, k is isotropic thermal conductivity of theterial (W/m.K), T is the unknown temperature, L) (1 plate domain,
a(W/md)is the inner plate surface heat generated, a(ftkJis the outer platen surface temperature.

(1)

5.0 Method of Solution
The one dimensional differential equation is solmaderically using the finite element method [Shedure.

5.1 Domain Symmetry Discretization Into Four Elements

The characteristic of the temperature field, Tmizdelled using temperature profile normal to thexis (i.e. temperature T
changes in x direction only). Therefore, the don§ai(0 < x < L) is subdivided into N (= 3)linear elements medbng the
x-axis. A typical element e will have interval of i x.; — %) along the x-axis. Assume that the domain is disoed into N
= 3linear elements mesh then h= (L — 0)/3.
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Fig 2: (a) domain discretization into four elements m@gtelements nodal points

5.2  Derivation of Element Equations for Typical Element E In The Mesh
The residualof the governing equation is

d*T
0=k 5 +q 3)
Subject to boundary conditions
T, =1525,
T, =1000
The Galerkin scheme is therefore given as
[wRd =0 4)
Where the Galerkin integral is
d’T }
w dQ=0 (5)
[
The weak form of this equation is
. , AT
I ZT dx+ wq|dx| k—
= dx 0
i (6)
_Tezjkd‘” W s de—[ wd—w
=k dx dx],

In matrix form

(K5 Tt ={r}-{} ™)

Where, w is the weight function.
Two elements solution is

2
T= )= M+—;(1525+ 1000= 1.47% 12625 126398
2k 2 2x1200
Where,
T, =T, =1525K,T, = T, = 1000K g= 6303\/? k= 12@gV0V_K hzal-:%n: 0.7
m m

And the three elements solutions are
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=9 Lori1)- 6300x0.7%
2k 3 2x1200

)= 6300x0.75
- 2x1200

+fi2)d.525+ 1009): 1.47¥ 1350 1351%R

+7i1525+ 2)(1009)= 1.47% 117 117648

Where,
TO:T1=1525°K,TL:T3: 1000 K g= 6308\/? k= 12(}9V0V_K h:_zl‘:%n: 0rf
m m

6.0 Determination of Analytical Solution

The governing equation is

—kﬂ—qQ(0<x< L) (8)
dx’ T

Subject to the boundary conditions
T(O)=T,
T(L=T,

The exact solution function is

x| gl X
T(X):fh—k(l‘FJ*(TL‘E)}*I (10)
The nodal solutions by analytical approach are
T(0)=15257( 0.5= 13521( 1)o= 1177( 35 1C

(9)

7.0  Results and Discussion

Figure 3is a graph of temperature against domaacespvhich compares exact (triangle)and FE soluiborcircle) and 3
(diamond) elements. Each graph shows that temperdecreases linearly in the direction of incregspace (i.e. in the
direction of heat flow) along the heated platenisTdraph shows that the FE solutions (circle arandind) converged very
fast to exact solution (triangle) as the numbeglements isincreased.

In figure 4 is shown how temperature values ardridiged along the domain at different locations.rdvealed that
temperature values 1525, 1439, 1353, 1178, 1090186€K at the nodes for 3 elements mesh are the sami@danodal
values of the exact solution; which is an indicatibat FE solution converged very fast with theotsalution.

Figures 5 and 6 are three dimensional views of &atpre distributions for exact and FE solutionsthVthese views is
clearly seen how temperature is distributed foretkect (foreX-strip), 3 elements mesh (middle Yg3tand 2 elements mesh
(last Z-strip). In Figure 6 is shown that exact @hdlements mesh solutions converged and that tatypes are linearly
distributed compared to the 2 elements mesh.

Temperature distribution Exact and FE solutions
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Fig 3: Comparison of Exact and FE Solutions

Journal of the Nigerian Association of Mathematic&hysics Volume 35, (May, 2016), 105 — 114
108



Development of Onedimensional... Akpobi and Akele J of NAMP

Temperature distribution for exact anf FE solutions
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Fig. 4:Three Elements Distribution

Temperature distribution Exact and FE solutions
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Fig. 5: 3D view of exact and FE solutions
Temperature distribution Exact and FE solutions
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Fig. 6: 3-D view of exact and FE solutia

In Table 1 is shown nodal values of temperatureb@id print) for exact and FE solutions. Thetabl®ws that the
elements nodal values coincide with those of treceat points 0.00, 0.50, 1.00 and 1.5 respecti
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Table 1: Comparison of finite element and exact solutions

Nodal values (x) FE solution ( 2 elements) FE solution ( 3 elements) Exact solution
(m) (K) (K) (K)

0.0C 1525.0( 1525.0( 1525.0(

0.2t 1438.0( 1439.0( 1439.0(

0.5C 1351.0( 1352.0( 1352.0(

0.7t 1264.0( 1265.0( 1265.0(

1.0C 1176.0( 1177.0¢ 1177.0(

1.2¢8 1088.0( 1089.0( 1089.0(

1.5C 1000.0¢ 1000.0¢ 1000.0¢

Note: Nodal values of temperature are in bold print

8.0  Conclusion

This study on finite element methodrevealed thistian effective numerical tool for developing madébr predicting
temperature distribution in the heated platen loy@raulic press.

The study revealed that the FE analysis of 2 arte@ents showed that as the number of elemenis@eased FE results
converged fast to the exact result. Also, the gmistat the nodes are observed to be the sameexattt values at the nodes,
which is a good indication that the model is su#dbr determination of temperature distributioraifydraulic press platen.
Finally, in case of further analysis on this tygengdraulic press, the heat flux to the mould sddug varied with different
platen material considered.

9.0 Appendix A

1. Finite element solution determination
The residual, R, of the governing equation is

q=-k dT (A1)

dx?
The Galerkin scheme is therefore given as
[wRd =0 (A2)
Qe
Where the Galerkin integral is
d’T

jw—k +qldQ=0 (A3)
| dx

Let us assume that the exact solution T(x) appratésithe finite element solutiofi(X) as

n
T(X)OT(X=D Ty i= j=1,2,..,n (A4)
j=1

Differentiating (4) with respect to x yields

dT _ & d¢5

—=)T* oy (A5)
dx =1 dx
Then letWw = l/lie and differentiating with respect to x will give
dw _ dgf

— = l//' (AB)
dx  dx
Where,

w = the weight function.
T(x) = the exact solution
T%(x) = the FE solution (approximate solution)
T%(x) = the unknown nodal temperature values
v® = approximation functions selected
n = number of nodes in each element
For linear-two-nodes formulation the approximatfonctions are given as [5].
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X - X 1 z.dwie
Xg — Xu h' dx
x-x, _x. dgi 1

[/I":xB—x " dx h

Where x is the local element coordinate apd-x, is element length h.
The weak form of equation (3) is

h e n dws h
0= (k%Z'ﬂe%dX+ vycﬂdx—[ H/ied—T}

wie —_

L
h

(A7)

dx 4z dx
0 i j=1 h ) 0 (A8)
:TJ.EZJ'kdl//i LN q v,vdx—[ ,ed—T}
R 0 dx
h e d e
ki =J'kdi i dx
bo¢ dx o dx
h
f.° =qudx (A9)

In matrix form

[T} ={F 7 -{Q] (a10)

Local element matrix

Ikolz// dl//
dx dx

@:w(__)( ot

o TS

oo )}

The local element stiffness matrix, force vectad anurce vector are

(A11)

kA 1 -
K& |=— A13
=4 ) ws
h
fie:quwdx
fll Aq .I:l Aq f2 Aq f2 Aqu_ Aqf3__A‘qf33=_’2A(Al4)

2 2 2 2T 27
e1_ Agqjl
F1=5
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Source vector

e dT
o=l
dx Jr (A15)
=Q-Q
1. Assemblage of the two elements (of 3 nodes)temsa
) 1 -1 0](T, f Q
FA—l 2 -18T,p=Agy i+ 2+ Q + @ (A6)
0 -1 1||T, f2 Q?
Imposition of boundary conditions
T(0)=T,, T(L)=T.(A17)
1 -1 0T, 1 (@
KAy o qfipl=Adiol, ) g
h 2 ,
0 -1 1|(T, 1 2
_ (A18)
al s Y O gn kT
o 2 o, t=TY g+ Ao
h 2 h|T,
0 0 1T,
The solution is
g 1
T,=——+ (T, +T, Al9
> 2k 2(° ) (A19)
Where,
T,=T =1525T =T, = 100( (A20)
2. Assemblage of the three elements (of 4 nodasgtEms
1 -1 0 O0][T, 1 (¢
-1 2 -1 0}||T.
kA 2| _ Adhj 4]0 (A21)
hi0o -1 2 -1|T, 2 |2 0
0 0 -1 1][T, ] |Q
Imposition of boundary conditions
TO=T,T(L=T
1 0 0 O|T, 1 (T,
kAJO 2 -1 0||T,| _Agh/ 2, |0
hio -1 2 o||T,[ 2 ]2 |o
0 0 1/(T, 1 |7,
_ _ (A22)
1 0 0 0T,
KAJO 2 -1 O||T,| _ Agh[2  KA[T,
hijo -1 2 Oo/|T,[ 2|2 hn|T
0 0 0 1T,
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The solutions are

2
T, :ﬂﬁ(zﬁ, +T)
3 (A23)
_ah” |
T,=— T 2T,
Where,
T,=T =1525T =T, = 100( (A24)
2. Determination of Analytical solution
Integrating the following twice
(A25)
Ylelds
T(x)= —% + Ax+ B (A26)

So applying the first boundary conditidn(o) = T,

T(x=0)= A0)+B=T= B=T

Applying the second boundary conditioh(L) = T,

2 2
T(L)=- qzt+AL+B 1= A—(qL+'[ IJL(AW)

Now substituting for A and B inta'(x) = Ax+ B

__ax (at
T3 2k (Zk Fho T)L k

2
== BT -T) Ko
2k 2kL L

(g

{2 (Z)n)

3. Problem data:

Plate thermal conductivity, K = 1.2W/m.K
Surface area of plate, A = 15m

Plate thickness, L = 1.5m

Outer platen surface temperature=T1006K
Heat generated,¢c 6300W/ni

Heat flux q = 420W/rh

(A28)
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Appendix B

Hydraulic Press
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