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Effects of Rolling on the Heat Transfer from Cango Oils of Tankers
' Hiroharu Kato, Member

Summary

A 1/50 scale model of side tanks of a tanker is used in this experiment to know effects of rolling
on the heat transfer from shell walls. Results of the experiment are as follow.
(1) The temperature of oil in the tank becomes uniform when rolling occurs.
(2) The heat tansfer coefficient increases almost linear aécording to the angle and frequency
of rolling.
(3) Fin effect of stiffners is little, then their size and material affects little the heat transfer
from stiffners. They work mainly as mixers of oil in tanks.
Empirical equations for increments in the heat transfer coefficient by rolling are given as,
A4N,=0.0160 R0-942 P 1/5...... for side shell
AN,=0. 0155 R,0-910P,1/3...... for bottom shell,
where AN, =Adeal/A and R,=2zb0l/(Tv).
(dea : increment in heat transfer coefficient, I : stiffner space, A : thermal conductivity, 6 : rolling

angle, b : half breadth of tank, T : rolling period, v :kinematic viscosity.)
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Table 1 Types of Stiffners

Material Brass
Side Wall Size 140 mm X 100 mm X 2 mm
No. of Stiffners 6

Stiffner A B C
Material Brass Brass Plastic
Height 10 mm 20 mm 20 mm ] Sradllen
Thickness 0.75 mm 0.75 mm 1.02 mm
Space 20 mm 20 mm 20 mm
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Fig. 1 Part Model of Side Wall
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Fig. 2 Effect of Size and Material of Stiffners
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Fig. 4 Flow Visualization with Shadow Graph Method
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Fig. 5 Experimental Apparatus

Table 2 Comparison between Ship and Model

. Model
Ship (Scale 1/50) o
1) Size of Tank 20mXx10m 0.4mXx0.2m
2) Size of Stiffner — _
Height 1m 0.02m %n”;?“ 5ot — 10—t — 70— -]
Space Im 0.02m Tm < 3 Q___T
3) Rolling Angle 0, 5, 10, 15° Do. s = s
4) Rolling Period 10, 20sec 1.43, 2.86sec ol 4 6 ,5:+
Rolling Period _ — —]
(Period of Natural Freq. of Oil Surface —Constant) ' 3 | — %3
5) Oils B-Heavy Oil Water Geloy ] Fig 7“8 10 "9:+
=1. 40 cm? =0.80x 102 — —
(Reynolds No. | (=1 90¢KC8 | (/=0 80 %) — =
=constant) Sty w4 xE—{
C-Heavy 0il Kerosene — " "
(¥=20.9cm?/s | (v=1.36x10"2 — =3
at 30°C) | cm?/s at 30°C) & | ! | I'E é L
RS e
2 [}
cm’/s at 30°C) Fig. 6 Model of Side Tank
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Fig. 7 Rolling Effect on Heat Transfer (Water)
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Fig. 9 Fluid Motion at Wall
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3.5 SHMRMEDEENT

X v ke LCRE—EO ¥ 3RQHCHIF S 2, SMEMBEO RSO HES 2 MEE THE L T
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Nu=0.497(G;- P)VAWeo Vi) * 1 (18)
EDERBRC X AN L LT Eq. (12) & HBE LT, #Fu Fig 15 RIN TV %, HEIXIRIE—H LT
VB, EEDS OIXERED A 2 ERA X\ LR EMERCHER LAEEEREN 47.5C LEL, 4
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HefEthaEIc Il 5 sea margin DX 57 bDTHY, BBETHA S, ZZTik Eq. (12) & LA THRIA
BOWIMBLRDDF+ — P BEM Ui, RBEMUMD OfEIX Eq. (13) TR&Eh 323, Eq.(12) © 0~30%
BEETHY Eq (12) ¥EMMMEOBECLTCIDTLFRII RS HAEEIT .

EE Ufcyiud Table 3 iR B, C BEH3ETH S, ETLAF7+EROBEBII/ NIV 0T (daoc]™0-05)
I=1m » LC—MDHXE LI, Fig. 16 rOEERYTT, Wi BO/T (B: 4 Fx v 71§ (=2b, m),
O : GIRAE (deg), T:B/EAR (sec)) T
B0, GEENEC L SMERROMMS da 5L
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Fig. 15 Comparison with Experiments - BB (nsopfoec)
on Ship Fig. 16 Design Chart

Table 3 Thermal Properties of Oils (at 30°C)

i i i Body
Weight | Viscouity | Specific Heat | o TatHa | Expansion
(kg/m?) (cm?/s) (keal/kg®C) | "y cal/mh°C) C"(eli}?,ccl)ent
C-Heavy Oil (£3, 4)
(5,000 SSU 100°F) 985 20.9 0.43 0.101 0. 00067
C-Heavy Oil ($1, 2)
(1’ 500 SSU 100°F) 950 5.72 0.44 0.104 0. 00071
B-Heavy 0Oil
(400 SSU ].OODF) 900 1. 40 0. 445 0. 106 0. 00073
5 # ]

(1) 2vI—0%FA F2yv 27 OBELYEHEISMTOBMERR OMINEY JIE L1,

(2) BHRIC X 2BEEROEMAMIROERATERHLIh S,

AN,=0.0160 R,0-%2P,1/3
»=0. 0155 R,0-910p,1/8

oA |
=3P
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(3) RF7HhbOEMEIIVL, BHECX HEREOMINTEL LTI D OBEERD 8 il X
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(4) EBRRXrEcHHBOoF+—1+ (Fig. 16) {EH LI,
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g 5 =R
A SR [m?] de : Bifgic X ERER OB [keal/m*h°C]
B: xv 7ig [m] 6 : BhFRARE [deg]
b xv 74E [m] 0 : BHBRARE [rad]
¢, ¢’ ¢ Egs. (10), (11) D% A : #EHER [kcal/mh°C]
d: 257 +E [m] v BpestEiRE [m?/s]
e b H: xv &0+ (Fig. 8 2@) [m] £ : BEIRIB OMIER (Egs. (6), (7))
g EJJNEE [9.8 m/s?] ¢ : 74 vHR (Eq. (2)
E:RF75EHE [m] 74 vEIRESRE (Ba. (2)
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