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ROSE-HUUMAN Institute of Technology
Department of Mechanical Engineering

ME 462 Thermal Design

ALE - Calculating convective heat transfer coefficients

1. Water flows through a section of 2.54-cm inner diameter tube 3.0 m long. The water enters the section at 60°C with a
velocity of 2 cm/s and leaves at 80°C. Assuming that the flow is fully developed by the time it enters the region of
interest and that the wall is subject to constant wall heat flux

a. Find the convective heat transfer coefficient h.
b. find the heat flux on the inner surface in W/m?.
c. Find the inner wall temperatures at the inlet and the exit.

T =60°C
Hints:

e For internal flow an energy balance on the fluid is another tool for finding Q (and thus g*).

e How does the surface to fluid to temperature difference vary for fully developed flow with g™ = constant? Is there
any difference between local and average h, then?
e Are you going to use T, for properties here, or some other T?

Answers:
a. 114 (W/m2°C)
b.3468 W/m?
C. Tsin=90.4°C, Tsou=110.4°C

2. Repeat Problem 1 with a fluid velocity of 2 m/s instead of 2 cm/s.

Answers:
a. 10,300 (W/m*.°C)
b. 346,715 W/m?
C. Toin = 93.7°C, T = 113.7°C

3. The core of a high powered electro-magnet is to be cooled using glycerin (c = 2447 J/kg-C°, p = 1258 kg/m®, k =
0.2860 W/m-C°, u = 0.6582 kg/m-s) flowing through a 20 mm inner diameter coil wrapped around it. The core
produces 1000 W, and keeps the surface temperature of the tubing essentially constant at 47°C. The glycerin enters the
coil at 25°C and leaves at 35°C.

a.  Find the required flowrate of glycerin to achieve this cooling.
b.  Find the convective heat transfer coefficient (h) from the tube wall to the glycerin and the required length of
tubing.
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Tmyout = 350C TS - 47 C
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Tmin = 25°C
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Hints:
e Again, remember that for internal flow an energy balance on the fluid is another tool useful tool.
e  Careful before you assume fully developed flow!
e For part b: If you are looking for the required length of tubing, do you want hyca OF Nayerage?

Answers:
a. 0.0409 kg/s
b. 2532 W/m?-C°
c.12.87m

4, An annular flow passage 5 m long is formed by placing a 2"-nominal schedule 40 cast iron pipe (OD = 6.034 cm)
inside a 4"-nominal schedule 40 cast iron pipe (ID = 10.23 cm). If the flow passage conveys 8 liters/s of methanol (p
= 788.4 kg/m®, u = 0.586x10° kg/m-s, ¢ = 2115 J/kg-C° k = 0.286 W/m-C° ), find the average heat transfer

coefficient over the 5 m length.
Hints: Not a circular flow passage. What do you use instead of D?

Answers:
2532 W/m?-C°. If use equivalent diameter with only inner surface heated, 2114 W/m?-C°



ALE
d4) FIND PROPEPTIES AT

—

" Buxe ~ T+ Tevw o

PROBLEM 1

70°C
Vs
f= aT?s eyl
M= CUM KO g/ mmS
é,= @(96’?) W/m fa
< = diqe '3/93~Cﬂ
= 255
Ke= e DO o q115 pOxo2 2« o.o254 or
o mE O F L. = 1229
oloUx (67>

s

S FLOW 1S LAMINAR. Const

“ & TULLY -DeyELOPED
MEANS ¢ ORPECT NUSSELT coe® ELATLR 1S '

Nu= AD _ 43¢

k
VE é\Nu - Gee> W . Y43
D) M -C2 I
O.6254 ™
b) %" O/A

ENERGY BALANCE oM FLUD

2
T (0.0250 e (p02) M

n = CAV = 977 (O, 2
m = € (177‘5 Qf}gﬁ)“tr : e q.9406x0> %

— A A T

Q" (‘%%roxao 3_}3) qtqo 3(‘30 60) C°

= 830 W
A

g"’= (930\(\{)/6/ Lo.0264. 3) m* = a 346 W/M?'!

c) Foe

O How w/ e:L CoNST, T~ T = CowsT

L/e



Ale PROBLE M 2
2) Re= QYD _ i-qq7 pg/m3)(2 mls) (0.029m 122, 200
/M s.ucH vie 3 1.23/ M-S —_— A

Row 15 TURBOULENT  F D w/ cL = s

Foe TURBULENT Fuow, THE BOUMNDARY ¢ ¢ (TioN POeSNT
MATTER MO

ONE ( CERTAINLY Wor THE oNLY) CORRELATION S TWE

Dittus Relta e fﬂ .

6.5 n
INu= (0.023) iRe " IPr N=0.3 F& COCLING
=0 ¢ HEMUING

< - .\
- (po2)(122400)° (2.55)"

- 3ay
M; Sqq>/ OQLB \&-/_/h:l-f"S = WO,)BC\O W/mi_ca
h - O O.0254 M

-

b) Q:: ﬁTC CTENT'-T“J)

m = CAV = (%735 Nl (O.Gas’ujzml >

M= Gq0e L
M3 Y S QR ':,ﬂ
\—‘\—A-"\-_«.«\__
C= (6.9900 l_a_céyq'% 3 y §¢-o)C = $3ocowW
o 123-’&.
Z"V: /A = @ /o) = = %[3‘—}6}70@ W/ o 2

O Tyw §/n T =77
TWALL(W;*‘ AL /{q * T -.,éll'_’b__f’(, !



a)

b)

| .‘) i fﬁc- C—(—m.ow = T‘“J‘“)
& = & . 1000 W =
c C Tovor = Togin ) ZUMT .. (g -25)ee
g-¢°
= (O.OL{O“l bjfsg
Re~ ¢ VD M= AV
H Ld 3
e T
A e TTD*
; o A HANDY PEL'W
/ T REMEMBER
] ' . : | fee C/RCU 4¢
e = &(4m & _ _____/ _ PASSACES
,?FD

= () (. o4e4 ba)

— s =34 LAMINKAET Fop S(2C

(A0, 6582 _‘?ﬁ_) (0. 02¢ ™) T
Mo
CHE(K Fo2 FD FLow
= ?
LT o5 ee R WHAT 'S Pr
. Pr= 22 H8 - HC
; X ke l
' P = LG,(aSgZ)( 2ud?) kg X
€280 Lol 2
o
H.,F“’c/
= 530
L"L = O. OS iQC l?[’- D

= (0.05)(2.46)(5CH Y (0.c20m) = 223 m

R A

BETIER A7 ASSUHE
F-D Frow!!



ALE RoB > _""/'3

USE  AVE (INu CeeRELATION TFoR  DEVELIANG RELION
7 B ; o -

Nu= 3.6 + (0.065)(D/L) Re P~

i+ (ood) [(oie) Re B |73

( 1)

NETE THAT THS PECENDDS or l-.-_J Wi/ \WE DR EwNew ‘(t‘;‘r!
HENCE | PART ¢) & b) MUST BE ScVED S(MULTAMNEGSYY &

ITERATWE LY -

5 A
D= hA (LMTD)
g 2 - ,
6= h CTTOL) (LHTD ) (2) Eans () = (3) cav B
SEVED TERATWAY, T
WOLD GUESS (N =36k
( F-D YA
Ny= hD . FlesT (F-DYauk)
b FIND b Feod (3) & Teled
L Feod (2). Tuew T
werd pse (1) 1o
Fivd R BaTee Ny
& RePa. e
USE EES (ATTA(HED)
PESWT . | Ni= Sy
h= 749 whrce |

L= 129 m




k = 028 [W/m-C]

Re = 3.96

Pr = 5631

Tn = 25 [C]
Toww = 35 [C]
Twar = 47 [C]

D = 002 [m]

Twall - Tin - [Twall - Tout]

LMTD =
In [ Twar = Tin ]
Twall - Tout

Nus = h - —

0.065 - %. Re . Pr

Nus = 3.66 + AR

D

Q =h.-n-D-L -LMTD

O
Il

1000 [W]

Kmen = k ['Methanol' , T=25,P =101 ]

SOLUTION

Unit Settings: [kJJ/[C]/[kPa]/[kg)/[degrees]

D =0.02 [m] h =74.93 [W/m?-C] | k =0.286 [W/m-C]
LMTD =16.5 [C]

O =1000 [W] Re = 3.96 Tin =25 [C]

Twai =47 [C]

Kmeth = 0.1983
Pr =5631
Tout = 35 [C]
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