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This project is an examination of the potential of wind power generation to be integrated into
the architectural forms that make up the city of Chicago. We approached this project at two

scales:

At an urban planning level: What strategies can be applied to the design of the
city to allow for maximum harvest of wind energy?

o At the level of individual buildings: What types of turbines are most appropriate
to application to individual buildings and how can they be applied? How can ar-
chitecture enhance their ability to generate power?

We anchored our project around a set of specific proposals for a specific site: The Lake Park
Crescent Development. Proposals for two building designs were tested in a wind tunnel to
validate design decisions and evaluate energy generation capacity.

DESIGN PROGRAM & REQUIREM

DESIGN GOALS

» Maximize production of wind power through site orientation and building design

* Integrate aspect of wind power generation with aspect of appealing community appearance. In
other words, develop designs with a sense of context

» Test design hypotheses with actual analytical data

 Develop models for sharing/disposition of generated energy

» Back up final design proposals with projected data sets

ELEMENTS OF PROGRAM

» Site: Building placement & orientation, streets, parking areas. Consider access to transportation,
community context, prevalent wind directions, relationship to park
* Buildings: Design of actual residence buildings with integrated turbines. Breakdown of units re-
quired as follows (developed based on CHA projections and developer plans):
-10 “Six FLATS”: Approx 10,000 sq ft of living space, mixture of market rate and affordable units
- 12 “Row HoMES": Single family homes, approximately 3000 sq ft each
- 24 “City HOMES”: Mixture affordable and market, approx 2500 sq ft each
- 1TOWER: 70 units public and affordable housing (approximately 1000 sq ft each

PARAMETERS

The following elements served as constraints for the design:
* Borders of site as noted by Phase Il of Draper & Kramer development
* Number of units/total square footage to be accommodated by design
« Design timeline = next 10 years (technology, materials, energy costs)

AREAS OF EXPLORATION/DEFINITION

Areas the design team explored and defined during the course of the project:
» Aesthetics: Incorporation of neighborhood vernacular architecture vs. futurism/innovation
» Building groupings: Groupings of units were allowed to deviate from developer’s plans to maxi-

mize wind.

» Budget: Budget of construction costs was not be factored into designs.

DEVELOPER’S PLANS FOR PHASE | OF LAKE PARK CRESCENT. OUR PROGRAM
WAS MODELED ON A SIMILAR BREAKDOWN OF UNIT TOTALS AND SQUARE

FOOTAGE.
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CityHomes LAKE PARK CRESCENT

® RowHomes
® Six Flat Condos
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SITE CONTEXT -
THE SELECTED SITE IS PART OF THE LAKE PARK CRESCENT
DEVELOPMENT. THE DEVELOPMENT IS BORDERED ON THE
NORTH BY E. 40TH STREET, ON THE SOUTH BY E. 42ND PLACE,
ON THE WEST BY LAKE PARK AVENUE, AND ON THE EAST
BY THE METRA TRACKS. WITHIN THIS DEVELOPMENT THE

PROJECT SITE CONSISTS OF THE AREA DESIGNATED FOR PHASE 2
DEVELOPMENT ON THE SOUTHERN PORTION OF THE SITE.
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BENEFITS TO SELECTING THIS SITE:

* The site exemplifies prominent Chicago
characteristics

* The site is supported by long-term investors

* The site has access to wind

1.SITE IN CONTEXT

| 2-3. DEVELOPER RENDERINGS OF
PHASE T LAKE PARK CRESCENT
DEVELOPMENT AND PLANNED
LAKEFRONT PARK.

3-7. CURRENT CONDITIONS
AND BUILDINGS IN PHASE 1
DEVELOPMENT.

L

WIND POWER AND THE
BUILT ENVIRONMENT

BUILDING DESIGNS

The scale of the residential buildings on the
site was defined according to each building
program. Row homes, single-family homes
and eight flats were treated as one building
type and the two mid-rise towers were
treated as a separate building type. An
important aspect of design development
was to maintain a stylistic and functional
relationship between these two building

types.

Initial sketches were refined to two typologies
to be tested: a funnel system combined

with horizontal axis turbines applied to a
four story building and an array of turbines
applied around the floor plates of a tower.

1.HIGH SPEED WIND TUNNEL TEST SECTION

2. HOT WIRE PROBE USED TO DETERMINE WIND VELOCITY AT TEST POINT LOCATIONS
3. WIND TUNNEL CALIBRATED TO SIMULATE WINDS AT 3 METERS PER SECOND AND

10 METERS PER SECOND

EIGHT FLAT

FOUR HORIZONTAL-AXIS TURBINES WOULD BE
HOUSED INSIDE A FUNNELING ROOF SYSTEM TO
GENERATE POWER

TOWER

AN ARRAY OF VERTICAL AXIS (OMNIDIRECTIONAL)

TURBINES WOULD BE SPACED ALONG
OUTCROPPING FLOOR PLATES TO GENERATE POWER

DEVELOPMENTAL SKETCHES
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Integrating wind power generation
capabilities in a mixed-income
residential development in Chicago.

SITE PLANS

5. EIGHT FLAT TEST MODEL AT ORIENTATION 2
6. TAKING READINGS OF EIGHT FLAT AT ORIENTATION 2
7. CALIBRATING WIND TUNNEL FOR TOWER TESTING AT ORIENTATION 3

4. PROFILE CURVES ATTACHED TO TEST MODEL SIMULATE THE EFFECTS OF THE

BOUNDARY LAYER: WIND VELOCITY INCREASES WITH HEIGHT

TEST MODELS AND ORIENTATIONS

MOoDEL CONSTRUCTION &
DIMENSIONS
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TESTING ORIENTATIONS

TOWER: ORIENTATION 1 ORIENTATION 2 ORIENTATION 3
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SITE PLAN

We utilized a terraced grading system on the site to place the
buildings at increasing elevations so that the wind turbines on the
roofs would be able to catch wind from different heights without
interfering with one another. The site slopes upward from south

to north as well as upward from west to east. The two towers sit
atop a single base, the south wall of which acts as a retaining

wall to support the newly elevated earth. The plan also utilizes
multiple building orientations. This enables some portion of the
site to remain active, no matter which direction the wind is coming
from at the time. The terraced approach also increases building
facade exposure to sunlight that allows greater opportunities for
photovoltaic applications on the facades.
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ALL BUILDINGS ARE ORIENTED ON SITE TO TAKE ADVANTAGE OF MULTIPLE
WIND DIRECTIONS

WIND DATA

The wind data from the Offshore Chicago, northern part of Chicago
(Waukegan Harbor), and southern part of Chicago (Calumet) was
analyzed. The selection of these sample sites from such a wide area is
to obtain a better picture of how the wind actually behaves in Chicago.
This data was used to plot Wind Rose Diagrams, which were created
using a program called WRPlot. This program is specifically designed to
plot the Wind Roses and the Wind Class Frequency Distribution Graphs, o
and it is also capable of performing frequency counts. Y
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The Calumet data was most complete and reliable and therefore became
the basis for the wind activity calculations for our site.
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RESULTS

CONCLUSIONS

WIND SPEED INCREASE FACTORS BY ORIENTATION

ORIENTATION 1

EIGHT FLAT

ORIENTATION 1

ORIENTATION 3

WIND SPEED INCREASE FACTOR WAS DETERMINED
BY CALCULATING THE RATIO OF THE WIND VELOCITY
AT THE CONTROL POINT WITH THE VELOCITY AT THE
TURBINE LOCATION.

THE TOWER CLEARLY DEMONSTRATES MAXIMUM
EFFICIENCY WHEN ORIENTED WITH THE LONG AXIS
PARALLELTO THE WIND DIRECTION.

AN UNEXPECTED RESULT IS THE INCREASE FACTOR OF
THE REARTURBINES IN THE ANGLED ORIENTATION.

THE APPLICATION OF A FUNNEL HAS A CLEAR IMPACT
ON WIND VELOCITY, ROUGHLY PROPORTIONALTO THE
RATIO OF THE CROSS SECTION AT ENTRANCE TO THE
CROSS SECTION AT THE NARROWEST POINT, WHERE
THE TURBINE WOULD BE HOUSED.

ENERGY PRODUCTION CAPACITY

TO CALCULATE ENERGY PRODUCTION, OPTIMUM BUILDING ORIENTATIONS WERE CROSS REFERENCED TO WIND ROSES
BY SEASON TO DETERMINE FREQUENCY OF WIND DIRECTIONS IN VARIOUS BUILDING ORIENTATIONS. THE CORRE-
SPONDING WIND INCREASE FACTORS WERE APPLIED TO DETERMINE AVERAGE POWER OUTPUT PER BUILDING PER

SEASON.
NUMBER OF TURBINES TYPE X OUTPUT PER TURBINE = ANNUAL OUTPUT PER BUILDING
EIGHT FLAT 4 HORIzZ. 454.01 KWH 1816.04 KWH
Row HOMES & 1 HoRIZ. 454.01 KWH 454.01 KWH
CITy HOMES
TOWER 170 VERT. *adjusted for 17470.475 KWH
orientation and
season

SITE IS DESIGNED TO ACCOMMODATE 2 TOWERS, 10 EIGHT FLATS, 24 CITYy HOMES AND 12 Row HOMES:

TotaLForTowers = GRAND TOTAL FOR SITE
34940.45

TOTAL FOR EIGHT FLATS + TOTALFORRH&CH +

18160.40 16344.36 69445.711 KWH

SELECTED TURBINES
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Building forms can indeed increase the velocity of the wind and thereby improve the effectiveness of
turbines integrated into the architecture. The wind tunnel tests confirmed that the roof funnel forms
were able to increase the velocity of the wind by a factor greater than 1.5. And the testing of the tower
model illustrated just how much or little a building mass can negatively impact the effectiveness of
wind turbines.

We were able to take conceptual ideas and refine them using qualitative analysis through discussion
and research, then test those designs in a controlled environment in order to calculate quantitative
results.

Future classes will have the opportunity to build upon this to consider in greater depth the intricate
relationship between efficiency of design through additional testing and expressive design through
greater analysis of the the social and political aspects of this site.



