SERI/TP-252-2943
UC Category: 59b
DE86004454

Energy Transport Using
Natural Convection
Boundary Layers

Ren S. Anderson
April 1986

Prepared for the ASES '86
Annual Meeting and
Passive Conference
Boulder, Colorado

8 - 14 June 1986

Prepared under Task No. 3060.21
FTP No. 01-622

Solar Energy Research Institute
A Division of Midwest Research Institute

1617 Cole Boulevard
Golden, Colorado 80401-3393

Prepared for the

U.S. Department of Energy
Contract No. DE-AC02-83CH10093



NOTICE

This report was prepared as an account of work sponsored by the United States Government. Neither the
United States nor the United States Department of Energy, nor any of their employees, nor any of their
contractors, subcontractors, or their employees, makes any warranty, expressed or implied, or assumes any
legal liability or responsibility for the accuracy, completeness or usefulness of any information, apparatus,
product or process disclosed, or represents that its use would not infringe privately owned rights.

Printed in the United States of America
Available from:

National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161

Price: Microfiche AO01
Printed Copy A02

Codes are used for pricing all publications. The code isdetermined by the number of pages in the publication.
information pertaining to the pricing codes can be found in the current issue of the following publications,
which are generally available in most libraries: Energy Research Abstracts, (ERA); Government Reports
Announcements and Index (GRA and |); Scientific and Technical Abstract Reports (STAR); and publication,
NTIS-PR-360 available from NTIS atthe above address.



S=R1 @

TP-2943

Energy Transport Using Natural Convection Boundary Layers

Ren Anderson

Solar Energy Research Institute
1617 Cole Boulevard
Golden, Colorado 80401

ABSTRACT

Natural convection is one of the major modes
of energy transport in passive solar
buildings. There are two primary mechanisms
for natural convection heat transport
through an aperture between building zones:

1. bulk density differences created by
temperature differences between zones
and,

2. thermosyphon pumping created by
natural convection boundary layers

The primary objective of the present study
is to compare the characteristics of bulk
density driven and boundary layer driven
flow, and discuss some of the advantages
associated with the use of natural
convection boundary layers to transport
energy in solar building applications.

1. BACKGROUND
FTows driven by bulk density differences
have been studied by Brown and Solvasan
(1962), Balcomb, Jones and Yamaguchi
(1984), and Kirkpatrick, Hill, and Burns
(1986). The convective heat transfer
per unit solar aperture area for bulk
density driven flow as reported by Brown
and Solvasan is:

q =C, ( ) 3/2  3/2
1 (W) (W)

)
W )

Flow driven by natural convection
boundary layers have been studied by
Nansteel & Grief (1984) and Scott,
Anderson, and Figliola (1985). The
convective heat transfer for boundary
layer driven flow as reported by
Nansteel and Greif is:

(1)0.401 1.207' (2)

q=¢C, (2
2 {(H) AT

The length scales w, W, 1, and H and

temperature scales Tl' Tz, THs Tc are

defined in Figure 1. The temperature
difference AT'=T, - T, is the

temperature difference between the hot
and cold zones for the case of the bulk
density driven flow. The temperature
difference AT = Th - Tc is the

temperature difference between the hot
and cold walls for the case of boundary
layer driven flow.

As can be seen from comparison of
equations (1) and (2), there are
fundamental differences between the heat
transport for boundary layer and bulk
density driven flow. Design guidelines
based upon bulk density driven flow
recommend that the flow aperture area
should not be smaller than 15% of the
solar aperture area. The blockage
that results from the use of smaller
flow apertures can lead to the
production of large zone to zone
temperature differences, thermal
discomfort, and increased thermal
losses. Scott, Anderson and Figliola
(1986) recently compared the zone-to-
zone temperature difference required by
boundary layer and bulk density
difference driven flows. The result of
their comparison is shown in Fig. 2.
The boundary layer flow requires a
smaller zone-to-zone temperature
difference than the flow driven by bulk
density differences. Scott, Anderson &
Figliola found that the zone to zone
temperature difference for the boundary
layer flow increased rapidly when the
door area was decreased below 2% of the
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Fig. 1 Schematic Diagram Defining

Lengthscales and Temperature Scales for

Multizone Airflow.
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Fig. 2 Comparison Between Zone-To-Zone
Temperature Differences Required by
Boundary Layer and Bulk Density Flow.
(Scott, Anderson & Figliola, 1986)

TEST RESULTS: BARTEL SUNSPACE

Tests were conducted in a private
residence to determine the impact of
boundary layer flow on the performance
of an existing sunspace. Test
conditions are shown insFig. 3. A
strong boundary layer flow was created
by placing an opaque, selective surface
absorber directly inside the sunspace
glazing. The thermal performance of the
sunspace with the absorber was compared
to test results that were taken with the
absorber removed. The results of this
comparison are shown in Fig. 4. The
temperatures of the sunspace was reduced
dramatically by the presence of the

3.

T~

Without Absorber

With Absorber
Fig. 3 Bartel House Test Conditions.

CONCLUSIONS

There are two major mechanisms for
natural convection air flow through an
aperture between building zones:

bulk density differences created by
temperature differences between
building zones and,

1‘

thermosyphon pumping created by
natural convection boundary layers.

2.

Preliminary test results indicate that
there can be significant benefits
associated with the use of boundary
layer flows. Boundary layer flows can
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Fig. 4 Sunspace-to-House Temperature
Difference in the Presence and Absence
of Boundary Layer Flow.

difference and doorway area that is
required to transport a given amount of
energy between building zones.
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5. NOMENCLATURE
3, %
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a = thermal diffusivity
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