Department of Energy and Process Engineering
TEP4170 Heat and combustion technology

Exercise 1: Introduction and repetition

Tensor notation

Problem 1:
Write in Cartesian tensor notation:
a)
ou dp v Jdp ow Jdp
i s - - — — =0
Pox +u8$ +p@y +”ay +p82 er@z
b)
o %5 when i = j
Cij 0 otherwise
c)
(I)ll = —CQ(Pll — %P) (1)12 = _02P12
@22 = —02(P22 — %P) (1)23 = _CQPQ?)
CI)33 = —CQ(ng — %P) (I)l?, = _C2P13
where P = 1(Piy + Py + Ps3)
Problem 2:

Write in normal notation:
a) The momentum equation

0 0 - ap aTij
a(l)uz) + %(Puzua) = om + P

J

+pfi

Lj
with the stress tensor

[ Ou; | Ouy o Oug
Tij = 2 (81:] + 8.’171) + (ILLB gM)T%dZJ

b) The dissipation function
8ui

= Ti-i
Jaxj

d

Problem 3:
Show that

) B)
Cp = a(mp) + af(pugw)

Lj
also can be formulated as
9¢
Bx]-

Are there assumptions that have to be made in doing this?

0
Cp = paif + pu;

Problem 4:
Why do we use tensor notation?
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Basic equations

Problem 5:
In Thermodynamics you have learned that the 1st law can be formulated math-
ematically as

1hin (b + 3u® 4 g2) —Tigus (b + 1u? + gz)out—kQ—W = — (m- (e + exin + €pot)) .y

ir dt
(1)
The notation is as in the textbook: u is velocity, e is internal energy.
In the textbook this equation is written on differential form, Eq. (A.42) p. 207:

0 9 _ 9% 45 0 . O Ve
a(ﬂet)‘f'a?j(P@tuj) = aTCj‘FQ aTEj(PUa)‘*‘ oz, (T”uz)+p;kak,z(uZ+Vm),
(2)

where e, = e + %uluz is (specific) internal energy and kinetic energy.

— What is the relation between the two equations? Which terms correspond to
each other?

Notice: The terms with gravitational acceleration are not straightforward to
reformulate. Do not spend much time on that part of the problem.

Problem 6:
Do as in Problem 5 with the mass balance (continuity equation) and the mass
balance for species k.

Hint for Problems 5-6: the solutions are found in books on fluid mechanics and
heat and mass transfer.

Thermodynamics and thermochemistry

Problems from Turns: “An introduction to combustion”:
2.2, 2.4, 2.8,2.9, 2.11, 2.20



'$ /83 pue 1/ [ouny ur ejel vondwinsuoo Qg oy sunIRg g

“(*H"D) suedoid 10§ (Sseur) 01l [onj-I1E SLSWIOIYDIO)S oy sulajaq

8z
/01 PUB MY [30Q ur 3nsa1mok ssaid ‘2In)XTW
-Xd [an} U} JO AHT 2y} uo paseq =3kl ndur A519u9 ) JUIIINR( Y Ie-aueylaw ()1 = ¢p) OHISWOIYDI0S € JO JYStom Ie[naajour Sjoulmieleg /7
"SUID JO Iy [OW (¢ > 00 3o ameradwa) ¢ e (g = X pue 01°0= "% arym £Q
SOWNSUOd pue §°() jo onel sousreamnbs ue je seyerado aoewny ayy, (aw pue {0)) Jo armxIw e Jo ™ouny/ ur Adjequs PZIPIEpURIS oY) SUIUIA(]  9°F
jou) uagdAxo amd ur ("H*D) susyye Sumung s1 sopuImy Sunpw ssed v QZ°Z "B 05T Jo amssad e pur 3 gpg
‘[ang Jo ojow 1ad parmbai J1e Jo S3joUI JO Joquunu 3y Jo ameradwoy e 10y ;uyjouny ur I\ Jo nonenuasues Ie[ow 3y} pue Ty
aunuLIA( "G/ °() JO oner ous[eanba ue e xe yum swng (M'H"D) sueing  g1°Z pue *N Jo SUOLIOBI SSBW 91} “a1m)XIw 2y} Jo 1ySram Je[nosjow ayj ‘ry pue
i SUOTRISPISUOD *N Jo suonouly sjow ayy SUILLIANI( 1Y JO SI[OUI 218 1Y) SE EN] JO sajouw
UOHBAIISUOD-WIONE WOIJ 353Y) JALIAP 0} J[qE 3¢ P[NOYS NOA ‘IsAamoy ‘[nj Auw sz sau vamy are aroy yowym ut 1y pue N JO aimxqu & 19p1suo) g
-a8n 69'C Pue §9° 'subg puy Aew nog :qupy -amyxnu-jo-3 sad pue ‘[anj RIMXIUT JO (wr rad aueyyauI JO [oury
~J0-8Y Jad ‘[onj-Jo-joury Jod :saseq oomy) Surmor(oy ay) Suisn 1nsal oAk UL UOTIEUIdU0D Te[OW QuByjawW Iy pueg SIMXIW 31 UT UOIIORII SSBUWT oup
ssaxdxg "une [ pue 3 000 18 axe sjonpoxd 2y, *£°( JO Ones asus[eambs ue “RW o aurwIANa( Bdy OO PuE ) 00 B STRIMXIW Y[, *z°() ST UOnoLIy
J10J 2IMXIUI ITB—9UBID00ST UR JO UOTISNQUIOD 1) WOIJ SUINsal ‘UONEIJ0S J[ow sueylaw ayJ, ourylaw pue uafAxo jo AImXIw AIeuiq v 19pIsuo) g
"SIp OU 9T ‘WOASNqUIOD  [BIp1,, Jo s1onpoxd a1 Jo Adjeyius eyl autwieje  g1°z ‘suonoeyy ssew ‘) pue °y sy pue ‘a1
'8°0 J0 ‘@ ‘onel souaeamba ue je uonsng A ~XIUL 31 JO JYSTam IB[NOa[0U a1 ‘SUONSEI] Sjour ‘0 pue °y ay sutunaje(y
-WO0D 10} OBl [oNJ~IIE IL[OW ) SUILLILIRP ‘OS[Y "SISeq IZ[OW © UO ORI 0 Jo jowy ¢ pue g jo [owy ¢ jo BunsISuod axmxIw snosses ¢ Ipisuo) gz
Ale—[an} OISO DI0}S AU} SUILLLIDD PUER JTE [IIM mEE:.ﬁ MQE Mwmhwwhmw JUSMIISUOD YD JO UOHDRI] SSBUT a1y SUIIR D
-0Bal UONSNqUIOD JLNIWOIYDL0)S BQEES%E Ewmﬁwfaﬁ w_wum Ewﬁ:oo 1z _ RIMXIW 9Y) JO JyF1am IB[NOS[OW U UL g
s (8rof 2 d I
pue (*HD) euedoid jo amixiu reourmba we st gotym | ‘uorriur-1ad-sired se pue ‘uoorad ajour s ynser mok ssardys
(S1°T wapqoad Jo asoy) yim 2xeduron synsar 953y - - OSIY "ImixIw oy) ut (ON) 9pIX0 SLIIU JO UonaLIy [0t syl uTULB Y
Op MOH /') = ¢ Oolel asuaraInba ay1 19 mou Ing *G[ -7 warqoid wadoy 9|°Z I
" 006 Jo axmeradwsl v 10J 17 wajqord jeedey G1°Z “ 5000 ON
z
.méEWv:HuC sISBq D.HﬂuxME@O:mmmEJEQ e 43 N.Z
uo pug ‘(*'ouny/ () siseq amyxiur-jo-jount-1ad e uo ("jouny/ ) siseq jany ! ) mv e
-jo-Touny-rad & uo (3] §1'867) 2imeiedwa) aje)s-pIepuR]s ay) 18 2IMXIUL 3 JO ! 9 Qo
Adrequa 3y a1e[no[eD) "I PUE AUTII00ST JO AIMXIW OLIIWONIONS BIPISUO) 7 1'E $60°0 0D
¢aney uostiedurod sy} saop suoesidwit 1ey ("HD) 2ueylow Jof oner | sajou fo ‘oN §2122dg
. . £ OuBYIaUI I0] (SSBUI) {
OTAUIONYII0S 3y yytm J[nsal mok aredwo) (HOHD) | g = . . : _ .
OII [ONJ—IIE JLNIWOIYDI0)S AU} SUILLINNSP ‘7] g Wa[qoxd Jo synsarayy Suisf)  £1°2 | Sotoadssnouea jo sojous o sequinu utmol og oy jo posoduio sty z°g
2 . B | -T [ N 5
‘[eng Jo Jour | uing 03 painbar e jo safour Jo Jaquinu ayj eurw m e AL E@ ESEM_ 6L pue O‘_Ewusm 1T st uonisod .
I 05 1eU0[E KIenIqIB e 30-10 T 10r 05z e aoq. tuomanba ﬂ 02 IEjow sy sutwmsse e ur I\ pue 40 jo uonoesy ssewr A AU | g
5 .
S0UE[RQ OMIWOIIONS B N0 d)Lim ‘WORSNQUId 93[dwoo,, Jununssy  zL'Z m SINATIOAd
. x ; SIp _
aur3us atp) 0} pargddns (sseur) OB [aTY—ITe SY) SUTULIJSP ‘UOLRIIOSS] o T b ) = T
moyIm uonsnquiod , 2efdwos,, Sununssy auiSua Suruunt ay) Jo wWeans 1Sney ) [ \wb rore y L B e Qa, m.\,LXr.\;
~X2 31 UL pInseaw st uaBAxo (swmjoa £q) jusoiad ¢ “yong pajany-ouedoxdeu] [ 1'Z | 1949%g anf
(% ") sueoep pue ‘ouedoid ‘sueyiew 10] (ssew) soneI _ ¢Inyeradwa) owey o) Je S paje[noatoar ses any oy j1 suad
[oNj—IIe PajRIoOSSE JY) SUILLIANP ‘') = P JO onel sdus[eambs ue 104 QLT  ~dey ey gsameradug SUIBl 95BaIdap UONERINOIDAI sES-ony S30p Ay Tl
"¢ oner 9ouaeAInbs Ay UL 's1onpoxd uonsnquo Jo
“[:8] Jo (ssew) oner [anj—ite ue je swey poxiwaIid v ur swing suedol] 6°T | Uvonisodwos umuqrmbs oy uo aunsserd Suisearout Jo 10ay4e oYy aquIvsA(] 51






