US>

o9y wilge abSl plz b JUS ols  easlesl (Gl jLE eesd Graghy (S5 S
St 3 55 kil ol i b oyon zage b5 s, S msSine o S ool g
die sy ol 55 9dems slial oz oles (38l g SST = © (slaslas 55 Jos §1 5,
Syt 9l angs 3 Lay JUIS 315 s 231 b 50 5 JUS ogSne b g 3l
sobar JUI pgd ded g Jsl des pr oadJloel ()l )L slaly wlgs e mgSe Julow 51 s dgl o
5 o st 5 a S canlin slass 38 s i (ol 55 (ool n iy e 035 (eas lajs
ol @S adlee b Kus (18,5 )18 Cuz o)l (59, 2 slhe slojl 5 s JUB o)lnes 5l pgo
slass g JUI o,las0 51 Syl dgl jo K 0ae VY slawd coads cwy p OV lee 31 aS w0 oyl
O3S o e BB e K o GleSG ol b JUK o)lg00 51 Sl e jloz 5o K dae A
o)l99 59, 2 wothe Glaosl SLesl ) Gle a4 gl se e |y LB o)lgis poad Jlesl slaly mls
sl polie cumdg (pl jo .libys % < Ligear, =L 50 < Ligear, S% O)god lsiee |, JUB
Slr sre adgl poam ) ) adgl jlade 51U o)l 51 pes 5 Jsl sladess ;o Slape lawgie ji
SR Geess yo walee GRlS (NOFE 5 AVOR polie 4 iy @ (e SO sle)ls
b Sz JUB pgo a9 Jsl ded posdJlesl ()l LS (qwginn g (Slite @l (ugSae Julo
IS Slaws 51wy i (nl )0 el Blaal wisd o 00) ezt plojer ssbar atge slaptales]
NoTy, !5l & a slajisle;l >b @ bgo jlae p wsSae Jud=i o aib, IS4y Sl slepls
@ bgpe Jlae p sSae Julow p0 4 Say Sloj slapls JS slawi 1 gy p 5 g At la
spls slass Kby « NoTy, aiil oo b Kus loass Glize 09w slyl a4y agy sl iolesl )b
Sy el S slass B cwjp bl wllbiceo 005 o o)les 4 ol Ol Bhs a5 Sl
s Gl slo NOTy (613l & dinge sloinles] >y 4 by e jlxs 5 wgSone elows o a3, 1S,
Sy b iolesl p aigs web oo a8 )5 a3 9 VA VY Ve F L ply NoTy a0 oS wies oo
S YO AV AV L ply iy @ ugSae Jelog jo a8, 80 Sloj slapls’ JS slaws a5 wigd oo ()b
s slopls U5 sl 8 s e b e o wimse ol i ol gl waigd YV
s @ 0ged (b 1) (st esSae lalesl (sSae Gialejl slyzl (85 5 ad oy ie)
@ aige slaginlel (b 4 by las p egSas Juloo o aid) 54 Sbej slapls JS slaws Sl
2 S CBeSh e @ ol o o AT wied e Gl b Rs leansr Gilise o9 ()
a0 pol> Ghaghy 50 S| Cdid> 10 0gdice yrie |y GusSiae Glalel o paig «)lps 5,
pgd dowd leil o JUI Jol ans slaml jo [SuSG 5l (g0 o/0 20 alolil [Kum sae VF slaws JUIS

redlise S osSe Galejl (b 4 ol s el 3 U

Sl s e (Eadie QLS s, (ousSias Sl it oy 03lgunds



Abstract

The main purpose of this study is to estimate the heat flux applied to the wall of a channel
with turbulent flow. For inverse analysis, conjugate gradient method with adjoint problem
is utilised. In order to find out the flow field, SST k — w two equation model is used in the
present research. In the present study, adjoint problem is developed in order to conduct an
inverse analysis of heat transfer in a channel turbulent fluid flow. In the 1% section of the
inverse analysis, heat flux step functions applied to the 1% and 2" halves of the channel’s
wall are estimated simultaneously. The main purpose of this section is to find suitable
number of sensors at each half of the channel’s wall and an appropriate space on the wall
for locating the sensors. The results of this section show that amongst the examined cases,
12 sensors at the 1% quarter and 8 sensors at the 4™ quarter of the channel’s wall with equal
distance between the sensors lead to the most acceptable estimation of step functions
applied to the wall. Appropriate spaces on the channel’s wall could be mathematically

defined as 0 < Ljgeqy, Si
the 1% and 2™ halves of the wall are reduced from the initial values 1 (considering zero as
an initial guess for unknown heat fluxes) to 0.1259 and 0.1544 respectively. In the 2™
section of the inverse analysis, heat flux triangular and sinusoidal functions applied to the
1 and 2" halves of the channel’s wall are estimated simultaneously in order to design
optimum experiments. The main purposes of this section are to examine the effect of the
total number of time steps used in the inverse analysis on the criterion of the design of
optimum experiments for different values of NoT, and different sensors’ arrangement
manners. NoT, denotes the number of time steps spent heating the wall. The results of
examining the effect of the total number of time steps used in the inverse analysis on the
criterion of the design of optimum experiments for different values of NoT, indicate for
NoT,, equal to 6, 10, 14 and 18, the number of total time steps should be 17, 17, 25 and 27
respectively in order to design the most optimum experiments. The results of this section
show that we can design more optimum inverse experiment in spite of considering total
number of time steps less (the implementation of the inverse experiment could be more
economical). The results of examining the effect of the total number of time steps used in
the inverse analysis on the criterion of the design of optimum experiments for different
sensors’ arrangement manners indicate that in the present research, mnon-uniform
distribution of the sensors on the wall leads to the most optimum inverse experiment. In fact
if in the present study, 16 sensors at each half of the channel with 0.005m space between
each sensor are placed at the beginning of the 1% half and at the end of the 2™ half of the
channel, it is possible to design more optimum inverse experiment.

3L .
and = < Ligeqr, <L . In this case, root-mean-square errors at
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