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Analysis of Wall Heat Flux with Diesel Spray Flame Impingement

by

TAKAGI Masahide*

Abstract

Although fuel conversion for marine engines is crucial for reducing greenhouse gas (GHG) emissions, alternative candidate
fuels will likely be more expensive than the current petroleum-based fuels. To reduce the fuel costs, the engine thermal
efficiency must be improved. Thus, it important to have a method for accurately estimating the heat loss to the wall that is not
used for engine power. In this report, we investigated a heat flux calculation method for evaluating the wall heat transfer
caused by diesel spray flame impingement on the cylinder wall. Temperatures, which are measured values, were used as
boundary conditions, and calculation methods were examined for two different boundary conditions. The first uses the
surface temperature of the wall and a semi-infinite solid, and the second uses two measured temperatures, the surface and
internal temperatures of the wall. An exact solution of the heat conduction equation was obtained using these two conditions.
The heat flux was calculated from the differential of wall temperature which is the solution of the equation. The difference in
boundary conditions was evaluated in terms of heat flux and heat loss, which is the integrated value of the heat flux. Although
the heat flux equations obtained from the two boundary conditions were different, these results were close together by an

increase of # in the nth partial sum.
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T(0,6)=f(¢) t>0 (2.3)
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o "oxt
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[ £ COEREE 100 mm, RBEEDOEITE HHOESIL30mm THD. A =7 LD BIEHT 5 REE S
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=1 BREEEH
CN45
Fuel
(Hexadecane+1-Methylnaphthalene)

Nozzle diameter do [mm] 0.2

Ambient temperature T, [K] 880

Ambient pressure P, [MPa] 4.0,6.0,8.0,10.0

Injection pressure Py,  [MPa] 130

Injection duration Laur [ms] 7.0

Wall temperature Twano  [K] 443

Injector to wall distance H, [mm] 100
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LEZ N5, £, Case-1 & Case-2 TEWLR OO, DF O HANOMRK, WvMEZRARIZIZEA L
ZRIp. PLEDOZ EDG, Case-1 & Case2 13 LWERZE S Z ERHEESINTZ. K412 n O LREEZZEE L
TR OBGBAD I A 7. Z OBGERITEF A O 2 50 14 ms £ TOEGRHRZFEHE L RO TV D, Case-2
D n O FIMEAHECTZ LT, BURAE Case-1 ITITSNTUNE, Case-1 & DOFRFEIT n D FEA 200 T 22%, n ®
EFRAY 1000 T 0.77%272 5.
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3.2 EEREH TOREE
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O ERIZ200 & LTS, FOFMTHLEEFIEICEDENTTEAERL, AR, WRfE, BMED
—HLTWDHZ Enbnd. £z, X 6 ITEFE KK OREmEZZREOEG R OB LR/ AR L TR L TWA. Case-1,
Case-2 & HiZ, EOFEKIESITH KRKMHEZAUZ LD ERFEHR—H L WD Z EnbhnDd. X712 Case-1, Case-2
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17 FSESKEAIZEL S Case-1, 2 DEIBEHER

4. FLH

T A —BIEFEKRIN Y o F BRI LS U TR A U D EEA~ OB B 2 53 2 72 O OB HE H LI
WTHRTT 572012, FHIETH DIREZ BRI L L2 oD%, BERmIRE & - MERE K & L7zCase-1L,
BER IR & BENERIREE & L7 Case 22 %15t & LT, WM OEYLRZ KD, WEHEOHBZIT, LLFOFHA
ks

(1) "EFE KR OBEHEIETZEC K > TR LT D BER IR 2 5 HIME & L CHRRASMFICHW BT, o7y v
k@i 2 ERR T4 5 2 & T, Case-1, 2DIRE OFRNTiFE) LB 2R D72, 7083, Case-2 D NEHIRE %

—ELLTND.
Case-1
21, &
q= \/;aw ;[(kn _kn—l)\/t_tn]
Case-2

Case-1 & Case-2 CIIEME AR OMAKAE, HvIMEIZ 72 DREN—B 2 Z &, Case20n® FREZ NI E 5 &
W OBFEHR DTSN TN Z &, Case-1 & Case 215 LWFERZE S 2 L 3MEE ST,

Q) FHXENELET L7z 4 S51C Case-1, Case-2 DILEAEITH720%, &M m, KREZZEEOEGTE D
SEH B D T B L, BUEKDOIE T HIRKT 4%DE LR, REFIEIC X 2B ROE N TAE
BN Z EnbhoTe.
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&

X (2.15) IR ENDLIEHEH SN - BRE HRUL, FERRER S 2 2.13), (2.14) O X 5 ICFRER
ST BT TE D, HRERIIEFREENH 72, Z ORI, BEEBEEEREIC LV Z en T
52, HRERE RS, ISt A2 BT 5.

B agw§+ £ (x) 219
S(X,0)=u(X)-{a(0)(1- X)+b(0)X}=¢(X) 0<X <1 (2.12)
§(0,6)=0 >0 (2.13)
S(1,¢)=0 t>0 (2.14)

A BISURBRIEC X LA LU FIORT.
(1) fAXHZESENCELSBET D, 728, AXHITWENIITBMEE T 2N x ICHLBJREE 2D 2 LN T
5.

(
=Yg (1) (x b

ZDENTNDHGT gl OhXIWHRIET DISE S(XNZ KD D, ZOREE, fRIT I 5 DRI X - T

S(X.1)=2.8,(X.1) (a2)

EESZENTED. Xz ED X IGO0 T DTN, hX)IE R AR 53 77 FE

(a3)
AR, BRI THLHX (2.12) ~ (2.14) OF, ZEGHESNISXH=YX)T(OIZ BT 2 YX)DfiE

Y(X)=Asin(nzX) (a4)
mo, [FED

h,(X)=Asin(nzX) (n=1,2,3,...) (.5)

(59)
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LIET D, TEDORXHARNT I,
[ (X,1)=g (¢)sin(nzX)+g,(t)sin(22X)+L +g,()sin(nzX)+L (a.6)

12725, B ()% R B 720121F, MIZsinmaX) % M TF, X&20~1THEDT 5. Tt (@7) OFZDOEMN L,
m=nDRFDHX=1TIRITI2 DT,

1, (X.t)sin(mX)dx =Yg, (1) [ sin(mzX)sin (n7X ) dX
n=1 (a.7)
1

=5gm(f)

LEREND. LER-ST, mEnlE 2T,
g, (0)=2[ f,(X.1)sin(nzX)dx (a8)

(2) % Vﬂﬁm 5D ANHX =g Oh(X) DY (1) TRO HNTZD T, ZDATI~DOIIESAX =Y (X)T() KD 5. (1)
DEIZ, f(XH%E

00

f(Xot)=2 g, (t)sin(n7X) (@9)

n=l1
EX, [Hx ORINET DS, X )=T(HsinnX) & KD 5. T72bbh, BETOEHRTZ L1220, Znidbmn
iz,

Xt :z | s1n nﬂX (2.10)

n=l1

EETD. IREAWTHES REFEX 2.15) , Q.12) OFHEEZHET S L,

0 2 0
Z—f— 2 dd]j ' ), aEW%:—afW;(nﬂ)%;sin(nﬂX) (a.11)
1C. ¢(X)=>T,(0)sin(nzX) (a.12)

n=l

X (213) , (2.14) OFEREMHILsin0=sinmn)=0L 72V, 2<725. LIen-T, & @9) , @l11) ==X (2.15)
WAL,

(60)
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i[%ﬂnﬂdw )T, —gn}sin(mr)() =0

n=1

sin(nzX) #072 DT, tDHD Y JifE=

n

dT
dtn +(n7raLW )2 I —g =0

(a.13)

(a.14)

WECY LD, WK, gZRO72A (a8) LFEERIC, X (a.12) OIBIITsin(maX)z#hF, X=0~1TH57

g,
7,(0)=2[ ¢(&)sin(nas)ds =a,
X (a14) O,
T, ()= a,exp|~(n7ay, )t} + [ exp|~(n7a,, ) (1-7)} g, (7)dr

L%, wox (a10) ITfSATH L,

S(X,t)= 2[% exp{—(n/wch)2 t} sin(sz)J

- Sfomtor sl oo

g, (T)=2_[;ff (X,7)sin(nzX)dX

a, =2[ ¢(&)sin(nz)dé

L2y, X (@17) ~ @19) kv, X 216 ~ (2.18) NESLNT-.
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