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HEAT EXCHANGE AT THE BOTTOM OF A DEAD END BATHED BY A
LAMINAR IMPINGING JET

A. I. Abrosimov and A. V. Voronkevich UDC 536.242:532.525.6

The local and average heat exchange of a round laminar jet flowing perpendicularly
onto the. center of the bottom of a dead-end chamber are investigated numerically.

The cathodes of plasmatrons and the elements of powerful electronic instruments are often
cooled by a-liquid which flows, in the form of a round laminar jet, coaxially into a cylindri-
cal chamber and ‘impinges perpendicularly.on the flat bottom.located opposite to the nozzle.

Certain aspects of the hydrodynamics and heat exchange of .a.round laminar jet in a dead
end are considered-in [1l, 2]. The investigations were made by integrating the complete
Navier—Stokes and energy equations for constant physical properties and incompressibility of
the medium. In [1] only initial data are given on local heat exchange at the bottom of a dead
end bathed by a jet with a rectangular initial velocity profile. From them one can judge that
the degree of constriction b of the stream vitally. affects both the intensity of heat exchange
and the character of its distribution.  For relatively small b, in particular, there are regions
with enhanced heat exchange in the corners of the dead end, which does not occur when a jet
impinges on a barrier.. The influence.of the determining parameters omn the dispersion of the
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Fig. 1. Influence of the initial velocity profile, Reynolds number, b,

and H on heat exchange in the vicinity of the critical point (Pr =

9.6): 1-3) rectangular velocity profile: 1) Re = 200, b = 0.2; 2)

200, 0.455; 3).740, 0.2; 4-6) parabolic velocity profile; 4) Re .= 200,
= 0.2; 5) 200, 0.455; 6) 2040, 0.2.

Fig. 2. Heat exchange in the vicinity of the critical point as a function
of the initial velocity profile and b (Pr = 9.6): 1, 2) parabolic veloc~-
ity profile, H = 2.5: 1) Re = 200; 2) 2680; 3) rectangular velocity pro-
file, H = 5, Re = 2680.

inflowing jet and the coefficient of friction on the bottom of the dead end was studied in

[2].

The flow scheme presumed the evacuation of spent liquid through the annular gap between
the nozzle and the cylindrical wall of the dead end. The numerical experiments were carried
out by the method presented in [1, 2].

In the calculations the Reynolds number was varied from 68 to 2680, the length H of the
dead end from 0.5 to 22.5, and the quantity b from 0.1 to 0.715, and the velocity profile at
the nozzle cut was rectangular and parabolic.

Heat transfer in the vicinity of the critical point (Fig. 1) depends in a complex way
on the Reynolds number, the degree of constriction of the stream, the quantity H, and the
initial velocity profile of the jet. We only note. that an increase in the Reynolds number,
as well as a transition from a rectangular to a parabolic velocity profile at the nozzle
cut, lead to intensification. of heat transfer and a shift in the boundary betwesn "lomg” and
"short" dead ends into the region of larger values. The length of the dead end for which
Stg = 0.01(Sto)q = (.5, other determining parameters being equal, served as this boundary.

The calculations showed that for each Re, H, and shape of the initial velocity profile
(Fig. 2), there exists a region of variation of the degree of stream constriction in which
Sty A const., Starting with a certain value b = bp, a further increase in .the degree of
stream constriction is accompanied by a decrease in Stg. Dead ends for which b € bp will
arbitrarily be called "broad" dead ends.

Data on heat exchange in the v1c1n1ty of the critical point for "broad" dead ends with
HZ 5,0 are generalized, with an error not exceeding +6%, by the relation

Sto = ARe—0.5Pr—0.62 (1)

where A = 1.61 for a parabolic initial velocity profile and A = (.813 for a rectangular one.
We note that the relation (1), to within the .indicated error, generalizes calculated [3] and
experimental [4] data obtained at the critical point of a barrier bathed by a laminar jet
with a parabolic.initial velocity profile.

In the dispersing part of the flow, the local heat exchange at the bottom of a dead end
can be described by the expression

Stl:0,813Re7°-5Pr_°-62. (2)
It is characteristic that deviation from this relation already begins at the end of the in-

dicated region. .The flow is gradually transformed into a semibounded fan jet, and the simil-
arity relation takes the form

765



st0° -

8 / /
/\Xz

4

o 92 05 g &

Fig. 3. Average heat ex-
change as .a function of
the initial velocity pro-
file and b (Re = 200, Pr =
9.6, H = 5): 1) parabolic
velocity profile; 2) rec-
tangular profile,

Stl;j = 0,575Re;°»5 Pr—0.62, 3y

The data of the numerical solution are generalized by the relations (2) and (3) with an error
not exceeding +10%. In the predetachment zone the scatter increases, and the calculated
points lie below the relation (3).

The variation of heat exchange ‘averaged over the bottom of the dead end as a function of
the degree of stream constriction for "short" dead ends (Fig. 3) is characterized by the
presence of a maximum for jets with both rectangular and parabolic initial velocity profiles.
Two factors operate with an increase in b: the increase in the relative area of the dead end
occupied by the dispersing part of: the flow, characterized by the highest heat-transfer
coefficient, and the speedup of dispersion of the jet under the action of the opposite stream
of heat-transfer agent being evacuated, the velocity of which grows as‘the dead end narrows.
The first factor predominates when the degree of stream constriction is low. With an in-
crease in b, the role of the second factor grows, and it finally becomes decisive.

The quantity bpax, corresponding to EEﬁax, was determined for H = 2.5 and 5.0. 1In the
rangé of Re = 200-2680, the data obtained for bmax are generalized, to within *5%, by the
‘following relations:

for a parabolic¢ initial velocity profile

bv** . (0’35__0’01H) Reo,077, (4)

for a rectangular initial velocity profile

b= (0,31 — 0,033H) Re0-077, (5)

The relations for calculating the maximum average heat exchange can be recommended in the
form

§i"l'ﬂ:lax == 0,338R€_0’44 Pr—0.62, (6)
Stk* = 0,536Re—0,4¢ Pr—0,62 )
for rectangular and parabolic velocity profiles at the nozzle cut, respectively.

In the region of b > bpaxs an inerease in the degree of stream constriction is accom-
panied by a sharp drop in St. This region of variation of b is of practical interest in
the case of a considerable decrease in the coolant flow rate, such as in emergency situations.

In the known installations, b < bmax at the nominal coolant flow rate. For b < 0.85byx,
the similarity relation for calculating the average heat exchange is obtained in the form

St — BRe—0.44 pr—0.62p%:5 8)
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where B = 0.573 for a rectangular velocity profile and B = 0.775 for a parabolic one at the
nozzle cut. The influence of the distance H was insignificant in the investigated regimes.

If the principle of pseudolocal similarity [5] is used, then when a surface with an
effective diameter D is cooled by a system of n uniformly distributed, round jets, having
rectangular initial veloeity profiles, the expression for the average heat exchange is written,
using Eq. (8), in the form

= d’O,S

St¥ = 0,573Re~0.4¢ Pr—0.62 (_ZT) 7025, (9)
Calculations through Eq. (9) for Re & 3.10° and H< 5.0 are in satisfactory agreement with

test data [6, 7] obtained under the conditions of evacuation of the spent coolant through

channels located between the jet orifices.

NOTATION

b = d/Dd, degree of stream constriction; d, nozzle diameter; Dd, diameter of dead-end
chamber; Re = dv/v, Rey = rup/v., Reynolds numbers; v, average-mass velocity at the nozzle
cut; r, radial distance from the axis; um, velocity at the outer limit of the wall boundary
layer; v, kinematic viscosity; H = h/d, h, distance between the nozzle cut and the bottom of
the dead end; Sty = ao/pcpv, Sty=a/pcpUm, St=a/pcp¢, Stanton numbers in the vicinity of
the critical point, in the dispersing part of the flow, and average Stanton number; o, o,:
local and average heat-transfer coefficients; p, density; cp, specific heat; Pr = ucp/k,
Prandtl number; X, thermal-conductivity coefficient.
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