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By E. G.;Hartlnollt. B, H. Horrin, and L. H. K. Bnotter

SUHHARY

Preeoented hereln is an analygis of narallel flov and
contraflow single pass Nent exchangers, together with
charts which allow $he direct svalintion of the thermal
rerfarrance of esuch units vithcut recourse to trisl-and-
error teckniques, The use of ' the..sq7ations and chartes 1is
illuatrated by severnl exAmples, Ths annlyslg indicntes
that cne of the frequently stated rautrictions nn the use
of the logarithriic mean temper~nure ai:i:f2rence « that 1is,
that the exckan;;er must be rerfectly insul~ted - is not
alvays necess~ry. )

SYMBCLS
. _ s

A area of Leat traAapsfer surface, ft
tpg heat capacglty of air At cﬁnstant'nrnssure; Btu/1v» °F
cp heat cabncity nf exhrust ras At conqtnnt nressure,

£ Btu/1ly "F
K, ratio of the energy transferred through the hent

transfer gurface to thnt gaiced by fluid =a

IF ratlo nf the enerpy transferred throurh the hent

iR transfer surface- to. thAt lowt bv fluid N S
q_-‘ rate of heat trnnafet throuph surfﬂca separuttnr hot
' and cnld fluid, Btu/hy :

“pate of heat galn by pag .n, Btu/pr )

9z _rate of heat trqpstﬂr from- pas p‘ Btu/nr.

a .. rate of hemt transfer to surroundinrs from fluid =a,
A Btu/hr - :




is Yeing transferred from fluid g

rate of heat transfer to surroundings from fluld g,

Btu/hr
over—all conductance, Btu/hr f£t2 OF

over—all conductance, Btu/hr OF

coordinate measured along path of fluld flow, ft

mixed mean temperature of fluid a at
mixed mean temperature of fluld a at-
exchanger (see fig. 2), OF
mixed mean temperature of fluld a at
exchanger (see filg, 2), OF
mixed mean temperature of fluld g at
mixed meen temperature of fluld g at
exchanger, °F
mixed sean teuwmerature of fluid g at
exchanger, OF
Kg Wq ¢
function of _ﬁ_wE__Eﬁ and E——%EL———
g 'g °pg a "a ®p,
flow single pass exchanger, defined
K 9 °©
function of EE—Eﬂ——BE and —A
g g pg Ko Wo cpg
flow elngle pass exchanger, defined

DISCUSSION

Consider the diagram shown in figure 1

to fluid

any point x, OF

polint 1 of

point 2 of

x, ¢F

any point

point 1 of

for a contra—

by equation (13).
for a parallel

by equation (9).

in which heat
a. Heat 1is

teing transferred also to the surroundings from each fluid.

rate of heat flow throuxch surface separating

Let dq =
the cool fluid (a2) and the warm fluid (g)
dg;, = rate of heat transfer from fluid (a) to
) surroundings
dqlg = rate of heat transfer from fluid (g) to

surroundings

A hesat balance yilelds:



dqg = dayg ¥ Wy pa a T (1)
-W ¢ arT
da = day, = Wo e & T (2)
since 4 Tg 1s a negative value.
The above equaticns may be vritten asg:
dq = E5 W, Cpa a4 T, (3)

¥a Cng a T,

(x, is A number greqtér than or equal to 1,)

and ' dg = - 'KEg Wpcp, & Tp (5)
dqy ..
vhere Kt" = ( - ...._...(!'.z,f.:.._...-) (6)
' v

P cpr d Tg

(x is a number greatar than r: sgual to 1.)

The ratios X, ~and K _ rey 2c defined as follows:

K, = the ratio of the sn:v g7 tvrnsferred throusrh the
heat trernsfer savrfrce to that gained dy the
cold fluild (r).

Kg = the rati.. rf the en=zrey transferred through the
heat trarsfer surfnce %tc that transferred
by the hct fluid (g).

If the na~nitudes of K, =rnd KF are constant mlong
the length ¢of the heat exchanrer; that 13, the tranafer of
heat to the surroundinFes 1s A flxed fractinm of ths net
rate of heat transfer to the correspordings fluild, the ef-
fect 13 exactly equivrlent to chanping the heat capacity
of the fluids from op, &ard °p to K e and K _c_

. F P ¥ Dg
Ag may be seen by means of equations (3) and (5)., 1If tge
ratios K, =nd K do not differ too ereratly from unity,
even thourh they may very with length to some extent, an
avsrage marnitude of Ky, Kg may be vtilized with small
error., For these conditlnps the lngarlithmic mean tempera-
ture difference may be used with confidence, '

Negselman (reference 1) has treanted this problem by con-

nldering tke hent transfar to the surroundings to beé ine
denendent of exchanger lernpgth the mapritude of vhieh 1is
added tn ~r gsubtracted from the net rate of heat transfer
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of the corresponding fluid. " The resulting equaticns are
somewhat complex.

Expressing equations (3) and (5) in terms of the
over—all thermal conductance (UA) thé following equation.
(see references 2, 3, and 4) is obtained:

(o I |

U " + 1 dA = E__E____El
Koy Wo cp,  Kg W, Cpg _ (Tg - Tg)

When this expression 1s 1ntegrated with respect to A and
('rg - Ta)' one obteains the exponential function of the tem—

perature differences at the entrance to the hLeat exchanger
(point 1) and at the exit end (point 2)

_( 1 + 1 )(U.ﬁ.)
K. W. o X, W, ¢

a a 24

. Pa g g °p,

through the

From this equation the rete of heat transfer

"surface separating flulde a &and g cen be written
- -
K, %W, ¢ UA
(148 "2 "Pa
Kg Wg cpg Ka Wa cpa
. -8
K, Wy Cp
1+ a
K, ¥, ¢c
| g (29 Pg B
where the specific heats Cp .+ Cp in equation kBl?) of
a g
reference 2 have been replaced by Ko Cp, and Kg cpg'
The above equation may be written as:
UA

Kg Wg Cpg\

2l ¢p

Ky Wy cpa(Tgl -

The function (references 3 and 4)



X, W
., 28 °ra UA
. L. KS Wg cpg Ka'wa‘cP&
p=
Kg Wa ¢©
1+ 2.2 "Pa
Kg ¥g cpg

1s plotted in figure 3.

(9)

It may be demonstrated readily that equation (7) 1is
exactly equivalent to the well-known form:

q = va |{Tg1 = Tay) - (Tga - Ta3)] = UA
in (;‘J—:—Iﬁl)

- T

Tga as

A%,

(10)

A procedure similar to that outlined above ¥lelds the
equivalent expressions for contreflow, single pPass exchang—

ers. These are: :
3 KoWac UA ]
[ B2°83°Pgq —
1 Kg"gcpg Kawacpa
Q= KgWgop (Tgi—Ta:)|[ =2 (11)
- K ¥W_ec
aa 2&__1 UA
Kawﬂcpa__ nggcpf Kawacpa
Igwgcpg B
Ka Wa Opa UKA
2 Ky Wog ep (Topy = Toa,) & =, (12)
& "a “p,\ g1 al c Kg Wg ch Ky L cPa
where[ X, Vg cp. - T
L — Kg Wg cpg Ka Wa cpa .
¢, = (13)
Ka Wa cpa A UA
K. W_ e K, %_ec,.  |E W c
S - e
K c
& & Pg i




Equetion (13) 1s plotted in figure 4, It may be
readily shown again that eauation (11) ie exactly eaquiva-
lent t» the expression utilizing the log mean temperature
difference (equation (10)).

Bquations (7) and (11) have the great advantage ef
being expliclt solutions for g, while eguatien (10) re-
quires a trial-and-error selution.

The net thermal energy gained by fluid 2 and trans-
ferred from fluild g 418 readlly obtainable frem the
amount which 1s tranyferred tkrough the surfeaee which
separates fluid a from fluld g:

q, = - (1%)
a .
Ko . .
Ae = éL (15)
4
In double tuhe, single pass, gas-alr heat exchangers,
if thoe air 1s in the cecntral tube, Ka = 1 Ke <.1. If
the air 1s in the annular snacs, Fg = 1 Ka'S 1.

Inspection of figrres 3 and 4 reveals tkat, far the
usual rangs of vuriableas found in exhaust grRs-air heat
exchanfers, tkere ig little rurariority of the contraflow
arraagement over the mHarallel flov arrangament.

The 9ver-all condrctance UA for & cartain unfinned,
varallel flov, 31rgl- Tasz, double tuhe heat exchrpnger is

250 Biu/br OF. fls ov-r-all coniuctaaces UA for smooth
tubes ray be éairrmiand frow eqguations (1W), (15), (i),
and (17), nr froa chart B of reference &, It should he

mentioned here tiat tihae edurtioans for finnad tubes pre-
gsentzd In refers~ce 2 assume that the velozity of the
fluid past tre Tirs mar taI chtained by fividing the rate
of flov (cu f% orr sac) by Lthe nut croes-suctisanl area
of the tuhrs (eq #1). 7his result mav he fur from exact
in the regicn of the firs if th> fing are very cloce to-
gethar and cccuny a aunall vercoatege of tae toiétnl croar-
sectionrl Ri1ea, Lecauss morer of *he air will flow through
the space not oncuniad by thre fins.

The following %taree examvles 1llustrate hew figures
3 and Y may be erploy~d to d~termine tke hest transfer in



single pass, parallel flov or contraflow heat exchangers:

The rate of ventilating air flow, Wg = 2000 1b/hr

The rate of exhaust gas flew, V. = 6000 1b/hr

Temperature of sxhaust gns entering exchanger,

o
81 = 1600° ¥

Tenmperature of ventlilating air entering exchanger,

a1y = 0° F

The air flowse in the annular snace, and 1t is estl-
mated that 10 percent™ of the heat transferred through the
heat transfer surface i3 transferred to the surroundings:

that 1is,

X _————= 1.1 K 1.
& 5735 l.and g =

Determine:

1.

2.

3.

4.

The rate of heat flow through the transfer sasurface

The rate at which thermal energy is galned by the
alr

The answvers to questions 1 and 2 for a merfactly
ingulat=2d heaterr

The ansvers to aqu~ssations 1, 2, and 2 for contra-
flow conditions

Solutions:

(a) The ratio

Eg Wy Cp _ 1.11 x 2000 x O. 241 0 (a1 Lonl )
Kg ¥g o 1% €000 x 0.267 = 0-335 (dimensionless
e "8 °P

(b) The ratio
P AP et et e = 0.466 (dimensionless)
Eg ¥a ¢y 1.11 x 2000 x 0.241

(c) The product-

(Tg,

- Tg,) Eg W, o = 1600 x 1.11 x 2000 x 0.241
= 855,000 Btu/hr

*Thisg amount usually can be calculated from a considera-
tion of the appropriate resiestances.




From figure 3
. - ° p

_ Thus q = 0.346 X €55,000 = 296,000 Btu/hr trans-
ferred through the heat transfer surface.

= 0.346

The air ééins'heat at a rate equal to:

_ 292000
0, = 'igii' = 266,000 Btu/hr

If no heat transfer to the surroundings had occurred,
K, =1, 1ingtead of 1l.11, and

a
Kg Vo Cp
---ﬁ----ﬂ = 0.302
ke ¥e °p,
L S
Eg Wy Cp

Thus

¢, = 0.378

q = q, = 1600 x 2000 X 0.241 x 0.378 = 292,000 Btu/hr

Thne rate of heat tramsfer through the surface separat-
ing the two flulds 1s practically independent of small
ratea of heat transfer to the surroundings. The slight
decrease in gq (2 percent) in the cagse of the adiabatic
exchanger follows from the reducticn in log mean tempnera-
ture difference resulting from the absence ef heat trans-
fer tn the surroundings.

For a contraflow exchanger from figure U

Qc with heat transfer to surroundinge = 0.3%57
Thus, q = 0.357 x 855,009 = 306,000 Btu/hr

a, = 275,000 Btu/hr

®, vith no heat transfer to surroundings = 0.3289

g9 = q, = 300,000 Btu/hr



Thus the increase in thermal output due to contra-—
flow, over parallel flow, 18 about 3 percent, for the con—
ditions stated. " ' —_—

The mixed mean temperature of the flulds leaving the
exchanger for any of the conditions strted, of.courese, can
be readily calculated.

COXCLUSIONS

. 1, The use of the logarithmic mean temperature dif-
ference as the heat flow potential in exchsngers which
have heat flow to the surroundinge is Justifled when this
flow of heat 1e constant along the length of the exchanger
or when 1t is variable with length buit is small,

2, Heat transfer in single pass, ﬁarallel flow or
contraflow heat exchangers may be computed directly with
the aid of the squations and curves given,

3. For the caee of a 'hemt exchsnger utllizing the hot
exhaust gases from an airplane engine, very little advan-
tage 1s galined by using the contraflow arrangement.

University of California,
Berkeley, Calif,




10

REFERENCES

Neéselmann. K,: Der Einfluas der Wirmeverluste auf

Doppelroh vidrmeaustauscher. Z7eitschr. fir die
Gesamte Kidlte-Industrle, April 1l028. '

Martinelli, R. C., Weilnberg, E. B., Marrin, E. H., and
Roelter, L. M. K.: An Inveatigation of Alrcreft
Heaters., 1V - Meassured and Predicted Performance
ofuLongitudinally Finned Mubes. NACA ARR, Oct,
1942,

Grodber, EH.: ngmeﬁbertragung. Julius Springer,
(Rerlin), 1926, p. 1l12.

Boelter, L., M. K., Cherry,-v. H,, and Johnsor, H., A.:
Supplementrry fnat Transfear Notes. Univ. of Calif,
Press, Berkeley, Calif., 3d ed., 1042, p. XIV-3.

Martinelli, R. C., Welnterg, E. B., Morrin, E., H., and
Boalter, L. M. K.: An Investigation of Aircraft
Featers. III -~ Keasnred and Pradicted Performance
oquouble Tube Heat Exchangers. NACA ARR, Oct.
lo42,

BIBLIOGRAPEY

Makar, F. L., and Thornburg, M. W.: Economic PFeatures of

Heat Exclanger Degign., Mech. Eng., vol. 46, no. 12,
Dec, 1924, p. 891,



NACA

Fluid a (cold)
_ﬁ.

Fluid g (hot)
.—»

FIGURE

HEAT

dq“
Tqg—™] —Tq+ dT,
Heat trangter surface
j 99 :’
p.a V4 Z Z £z Z V.4 ya
T <——%—dﬁ
#dQ,{g

FIGURE 2.

| ——

\\.

2

BALANCE
T4
T92
Ta2 Tap
FLOW DIAGRA

Contra Flow

MS

Tq,




CNSE=Se

FlG. 3

6

NACA
FIGURE 3. FUNCTION ¢p FOR SINGLE PASS
0.641— PARALLEL FLOW HEAT EXCHANGERS___
N
0.60 \\
N,
0.56 \
N
052 \\\
N .
0.48 AN \ oe,.
- < AN %
R
N AN %
N \ #\%\\ \\
[o)
040 N \\ ’0 \\
: ~ ~ | ~N
\\\ \\\\ 3 '6:'0\\\ \‘-
I~ \
0.361— . 3055 \\‘:\\ \\\
™~ M ‘0., T~ \\\
V0o N ] ]
0.32 \\\ = 0. P \\\ P~
\\'\\ = 0'40 \\ ™~ ™~
d \\1935 [ I N
\\\ '\\\ \\\
0.24 F—] =o.30 \\
\\ [~
'\-\_\ i | \.\\\
0.20 =025
T e e N
—+—] | =02
0.6
——] =0.15
0.12
=0.10
T
0.08 '- 0.08
|
=0.06
0.04
0.0
(o] 0.2 0.4 0.6 0.8 1.O 1.2 1.4 1.6
Kg w,ce.,
KgWgCpg




F1G. 4

NACA
FIGURE 4. FUNCTION ‘Ec FOR SINGLE PASS s
0.64 CONTRA FLOW HEAT EXCHANGERS
0.60 \\ '
\\\\\\
0.56 \\\
N 6:/'0
\ O,
~ N ?\q\\
0.52 < <04
Q,
\\ \f‘"o
~ \
0.48 \\\\ ~. N
. ~ >
\ \o'eo \\
~J ~ ~J
044 ] X \\\\ >
- d - ~
\
~ [ %] B
N~ ‘0.55 - \\
0.36 i ~] ~] i~
\\ \\=Oi0 \\ \\ N
. e =ol T ’\h\ T
0.32 45 i
— l\\ \_\
\]\ =o4 [ S~
P — P
0.28 — — \ij\\‘ - ~1_
\\ \\
0.24- 5\‘\““*~«-_:930 T —
——1 ]
T TTT—+——1 _f02s B
0.20 ]
\_\\—“_:o 20
o.16
=0.15
o.12
=0.10
0.08 =&oa
1
£ 0.06
0.04
0.0
o 0.2 0.4 0.6 0.8 1.0 1.2 .4 1.6
KaWgCpga

KgWgCpg



I

3 1176 01354 443



