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Abstract 

An analysis of wind conditions and aerodynamic design for the rooftop 
helideck of the Fairview Riverside Medical Center, Minneapolis, Minnesota, is 
presented, based on an extensive literature search and the examination of current 
Federal Aviation Administration and Civil Aviation Authority (United Kingdom) 
guidelines. The following points are examined: pilot comments following the opening 
of the facility; the advisability of. a model study; the need for field wind 
measurements; the configuration of the helideck, including its location on the rooftop, 
dimensions, and the size of the air gap under it; and the effects of rotor downwash 
and temperature on helicopter power and lift. Recommendations for site 
measurement of wind characteristics and additional future work are given. 
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1. Introduction 

1.1 Problem Statement and Aim of the Report 

Following the opening in November, 1994, of the Fairview Riverside Medical 
Center rooftop helistop, Minneapolis, Minnesota, severallandings and takeoffs were 
accompanied by pilot comments indicating problems or concerns. An analysis of the 
wind conditions and aerodynamic design of the helipad is presented herein, based on 
an extensive literature search and the examination of current Federal Aviation 
Administration and Civil Aviation Authority (United Kingdom) guidelines. 
Specifically, the following points are examined: the pilot comments; the advisability 
of a model study; the need for field wind measurements; the configuration of the 
helideck, including location on the iooftop, dimensions, and the size of the air gap 
under it; and the effects of rotor downwash and temperature on helicopter power and 
lift. Recommendations for field measurements and some additional work are included 
at the end of the report. 

1.2 General Considerations 

The size, shape and facilities of a heliport are determined by a number of 
interrelated factors: the size, number, and performance of the helicopters using the 
facility, the size of adjacent structures, the surrounding terrain, and the nature of the 
services to be provided. Heliport dimensions are generally expressed in terms of 
helicopter dimensions, usually the rotor diameter and/or the overall length of the 
craft. To fix the ideas for purposes of the present report, the Sikorsky S-76 helicopter 
([8], Appendix 1) is used as "design" helicopter or largest helicopter that may be 
expected to use the heliport. The Sikorsky S-76 has an overall length of 53 feet and 
a main rotor with 4 blades and a diameter of 44 feet. 

The term "helistop," frequently used in discussing heliports, refers generally to 
a minimally developed heliport facility for boarding and discharging passengers or 
cargo [8]. The term "heJipad" has been used both in this sense [15] and also to refer 
to the actual load bearing touchdown and liftoff area (TLOF). The term helideck is 
frequently used also to refer to the TLOF, defined in the 1994 Federal Aviation 
Administration Heliport Design Advisory Circular [8] as the "load bearing, generally 
paved area, normally centered in the F ATO, on which the helicopter lands or takes 
off." The final approach and takeoff area (FATO) is defined in this publication as 
the area over which the final phase of the approach to a hover or a landing is 
completed and from which the takeoff is initiated. Portions of the FATO of roof-top 
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heliports may extend into the clear space beyond the building edges, The FATO was 
called the takeoff and landing area in the 1977 Federal Aviation Administration 
Heliport Design Guide [6], The FATO and TLOF areas for elevated heliports are 
illustrated in Figs, 6 and 7, 

The following terms are used in Ref. [8] to classify heliports according to 
purpose; 

~ Private use heliports: privately-owned heliports used a small number of pilots 
who are familiar with the heliport and any physical or operational limitations. 

- Hospital heliports: special case of private use facilities. 

~ Public use general aviation heliports: normally publicly owned facilities which 
can be used by any qualified pilot. This implies that recommended dimensions 
and clearances are more demanding than for private use heliports. 

In the earlier 1977 design guide [6] hospital heliports were treated as private use 
heliports and were not dealt with in a separate chapter, as is now done in the 1994 
design guide. 

As pointed out in the 1984 Washington D.C. Heliport Study [15], for elevated 
heliport sites similar to Fairview Riverside site, even when adequate clearances are 
provided, the nature of the operations requires generally "higher skill levels, stricter 
training and additional supervision of personnel" than for a surface site. As stated 
in this reference, safety will not be compromised, although the operational expenses 
may be higher. 

In ad~ition to the references specifically cited in the text, the book "Helicopter 
Theory" [5] has been used as a general reference in the preparation of this report. 
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2. Effect of Wind Flow Around Buildings 
on Heliport Operations 

2.1 Wind Flow Around Building Configurations 

There is a considerable amount of literature documenting wind flow patterns and 
characteristics for both isolated and multiple building configurations, in particular in 
regard to the quantification of ground level wind speeds in the near proximity to 
buildings to determine pedestrian comfort levels. Such literature is not reviewed here. 
Only, for discussion purposes later in the report, a visualization of the flow about a 
short and tall building combination obtained in the St. Anthony Falls Laboratory wind 
tunnel is shown in Fig. 1. The building models were prismatic with rectangular cross 
sections and the wind direction was perpendicular to the parallel windward faces of 
both models. Also, a visualization of the symmetrical pair of vortices generated 
behind (over) a thin triangular wing at a 20 degree angle of attack is shown in Fig. 
2. Similar pairs of delta wing type vortices are generated over building roof corners 
for wind directions which are not normal to the building faces. For wind blowing 
along the bisector of the roof corner angle, the pair of vortices is symmetric and 
resembles the pair shown in Fig. 2. 

In examining from an aerodynamic standpoint possible helideck sites on rooftops 
or offshore platforms, a key flow feature is the size, shape; and location of separated 
flow zones. With the oncoming wind normal to a face of a sharp cornered building 
as that shown in the illustration in Fig. 1, the flow is diverted upwards over and 
sideways around the building. The separation of the flow at the upstream edge of the 
roof produces high upwash velocities on the windward side. Above the roof, the flow 
is accelerated and is faster than the nominal speed of the approach wind but slows 
down rapidly through the separated shear layer and, near the roof, may reverse. 
Downstream, there is a strong and rather unsteady downwash. If the building is 
sufficiently long, the flow may reattach on the rooftop. Oblique winds result generally 
in smaller separation zones and steadier downflows associated with trailing vortices 
as depicted in Fig. 2. 

2.2 The 1984 Federal Aviation Administration Engineering Study 

Guidelines for evaluating and potentially minimizing the effects of bui1ding~ 
induced wind flows on heliport operations were developed in a 1984 engine.ering 
study sponsored by the Aircraft Safety and Airport Technology Division of the 
Federal Aviation Administration [10]. The study included a literature review and a 
heliport wind effects workshop attended by wind engineering researchers, a helicopter 
aerodynamicist, a helicopter pilot, and an F M representative. A substantial portion 
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of the report of this study is devoted to pictorial descriptions of well known wind flow 
patterns around isolated building shapes and around multiple building configurations. 
Some selected conclusions and recommendations of this study, of interest to the 
analysis of the questions raised in Section 1.1 in relation to the wind conditions and 
operation of the Fairview Riverside Medical Center Helistop, are reviewed in this 
subsection for convenience of reference. Quotation marks indicate statements 
reproduced verbatim from Ref. [10]. Specific guidelines for heliport placement have 
been collected in entries b) and c). 

a) General remarks:. 

1. IIPilots become knowledgeable of what winds may be expected about a 
building or heliport facility through familiarity with varying wind conditions." 

"Proficient and professional helicopter pilots do agree and have demonstrated 
that helicopter operations can be performed successfully to center city 
heliports as in the New York City area even during very windy and gusting 
conditions. It has always been the pilots' discretion whether or not to make 
approaches to heliports based on the pilots' knowledge of anticipated winds. 
These heliports have been in place for many years and have accommodated 
many helicopter operations." . 

2. "Typical building configurations can produce vastly different wind (gusting) 
conditions." 

IIPictorial representation of wind flow may be more helpful to the pilot or 
planner than statistical data and wind energy parameters." 

3. "Further simulation modeling and wind tunnel testing is necessary to relate 
the helicopter's performance to the levels of wind experienced about a 
building, in order to develop assessment guidelines." 

IIIf available, full scale helicopter data should be collected and correlated with 
full scale and model scale wind data." 

b) General guidelines for heliport placement: 

1. "It should not be interpreted from these guidelines that heliports should never 
be placed in locations of downstream wakes, turbulence, or high velocity flow 
fields. Neither do these guidelines imply that such locations are hazardous to 
helicopter operations. The helicopter aerodynamically has proven to be more 
forgiving to gusts than fixed wing aircraft. However, to avoid frequent 
passenger discomfort, or the probability of averted operations due to large 
gust speeds, other heliport placement locations may be preferred." 
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c) Specific guidelines for rooftop heliport placement 

1. "Turbulent wake interaction with helicopter operations can be substantially 
reduced on rooftop heliports by having the helipad elevated into the 
streamline wind flow above the turbulence region." 

"The distance the helipad could be elevated to penetrate the turbulent flow 
layer is estimated to be 0.5 times the building height for buildings under 100 
feet tall. For buildings 100 feet and taller, a maximum of 50 feet elevation 
appears to be sufficient for most conditions. A penthouse type structure on 
which the heJipad would rest would be quite adequate." 

2. IIPreferably, helipads should be elevated such that there is a clear space of at 
least 6 feet in height between the pad and the supporting roof. This will 
prevent additional turbulent flow from being generated, and allow more 
streamlined flow over the pad." 

This guideline has been incorporated in the FAA 1994 Heliport Design Advisory 
Circular (Ref. 8, Ch. 1, p. 5) as a suggestion to IIminimize the turbulent effect of air 
flowing over the roof edge" (see Section 3 of this report for further discussion). 

3. "Rooftop locations on a shorter building predominantly leeward of a taller 
building will be subject to considerable turbulence." 

4. "Heliport placements on lower levels of multi-level roofs will experience 
turbulent flow in the immediate vicinity of the heliport." 

d) Quantification of wind flow around buildings 

1. Relatively little research has been performed on building flows in regard to 
helicopter operations. Research on the characteristics of building wakes has 
been performed only for specific building configurations and the available data 
cannot be extrapolated to buildings in other configurations without significant 
simulation efforts. . 

2. Any proposed methodology to determine areas of anticipated wind influence 
of particular interest to helicopter operations will have to be complemented 
by data on the relative sensitivity of these operations to the estimated winds 
about the building. These data appear to be currently incomplete or lacking. 

The rules developed in Ref. [10] to determine the area of wind influence of a 
building have been used in Section 5.1 in this report to estimate the possible effect 
of the portion of the building (floors 13, 14, and 15) above the heliport roof level, on 
the winds over the heliport. These rules, it should be pointed out, do not take into 
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account the so-called downstream wake effect, which is known to persist a 
considerable distance downstream. 

2.3 Wind Tunnel Tests for Roof Top HeIipad Design 

As pointed out in the previous section, relatively little research has been done 
on building flows in regard to helicopter operations. A few engineering studies have 
been performed for specific heliport/building configurations, but the results cannot 
be easily extrapolated to other heliport layouts. Examples include the wind tunnel 
model investigations of Davenport et a1. [2] and Surry and Stone [13], and the 
numerical simulation of the effect of a helideck placed on the roof of an isolated high 
rise building on the building wind environment and the ventilation rate of an inside 
open court, including a source of pollutants inside the court area [9]. 

Of direct interest to the present report is the wind tunnel investigation of 
Nakayama et a1. [12], started from a case study of a heliport design for a high rise 
building planned in Tokyo. These authors measured the height of the shear layer over 
helidecks placed on top of three high rise building models, for a variety of rooftop 
and helideck configurations. (Figure 1 illustrates the shear layer and separated flow 
region above the roof of a high rise building.) The parameters varied in the study 
were: the configuration of the helideck (square, circular, 'and chamfered octagonal 
helideck shapes were tested); the helideck thickness; the rooftop configuration (sides 
at 90 degrees or chamfered, one configuration with a higher center rooftop area); the 
air gap between the helideck and the rooftop; the ratio of helideck area to rooftop 
area; and the wind direction. The results of this study are applied in Section 5.1 in 
this report to estimate the shear layer height over the Fairview Riverside Medical 
Center Helistop. 

2.4 Wind Tunnel Studies of Wind Effects on Offshore Platforms 

The wind environment around the helideck on an offshore oil production 
platform was investigated by Marshall anq Postil [11] using a 1:200 scale wind tunnel 
model. The initial aim of this study was the investigation of the effect of hot plumes 
from three gas turbine stacks on the platform on helicopter operations, specifically 
on helicopter power and lift during landing and takeoff. For a Sikorsky S .. 61N 
helicopter the loss of payload is given in this reference as about 25 IbfC for ambient 
temperatures less than 24°C and 150 lbfC for temperatures above that. The study 
permitted the determination of the height and diameter of the stacks necessary to 
ensure sufficiently small temperature rises along helicopter flight paths. A second aim 
of the study was the determination of turbulence levels above the helideck and of 
possible changes in the shape and location of airflow obstructions to reduce the level 
of buffeting due to air turbulence. 
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Davies and Miller [3] have summarized the results of wind tunnel studies 
conducted at the National Maritime Institute, United Kingdom, on the effects of wind 
on the environment of the topsides of offshore platforms, in particular on the effects 
of wind on platform helidecks. While the problem is different from that of wind 
effects on rooftop helidecks, there are obvious general similarities. After noticing that 
there are no comprehensive set of rules for flow conditions near helidecks, they 
reproduce verbatim, from guidelines on the design and construction of offshore 
installations issued in 1981 by the Civil Aviation Authority, United Kingdom, the 
section on IIHelicopter Landing Area: Location." For convenience of reference in the 
discussion later in this report, the following quotes are in turn reproduced here from 
this section: 

1. "The location of a single landing area is often a compromise and for this 
reason may require aerodynamic and other testing of installation models." 

2. liThe combined effects of airflow direction and turbulence, prevailing wind, 
and turbine exhaust (hot) stack emissions must be determined for each 
installation. This information should be made available to the helicopter 
operator but the vertical airflows resulting from winds of up to 25 meters per 
second generally should not exceed ± 0.9 meters per second over the landing 
area at the main rotor height." 

3, IIWhere the ambient temperature is increased by· more than 2 or 3°C the 
helicopter operator shall be advised." 

4. IIIt may be necessary in difficult design cases for some form of permanent 
heat-sensor instrumentation: to be installed to give guidance to the helicopter 
pilot on the temperature profile which may be encountered during operations 
at the installation." 

Reference [3] includes qualitative guidelines for initial assessment of helideck 
citing on offshore platforms based on the characteristics of separated flows. 
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3. Heliport Design Guides 

This section presents a review and comparison of design considerations contained 
in the 1977 and 1994 Advisory Circulars on heliport design issued by the Federal 
Aviation Administration [6, 8]. (According to information received from BWBR 
Architects, the 1977 FAA design guide was used as reference by BWBR for the 
design of the Fairview Riverside helipad; the 1994 guide was issued after the design 
was completed.) For illustration, photographs of three elevated heliports, taken from 
Ref. [6], have been inCluded in Figs. 3, 4, and 5. The sketches in Figs. 6, 7, and 8, 
reproduced from Ref. [8], contain relevant design information and definitions. As a 
complement to the information presented in this' section, Fig. 9 reproduces a sketch 
and notes taken from Ref. [7] on the arrangement of an offshore helicopter facility. 

Table 1 contains the summary of recommended design criteria included as 
Appendix 1 in Ref. [6]. As indicated in the brief summary of definitions in Section 
1.2, the takeoff and landing area in this table is the final approach and takeoff area 
(FATO) of Ref. [8]. Of direct interest to this report are the touchdown pad 
recommendations. The touchdown pad in Table 1 is the TLOF as defined in the 1994 
Advisory Circular (see Section 1.2). As noted earlier, hospital heliports in the 1977 
Advisory Circular are treated as private-use facilities, without separate design 
guidelines. 

For private-use, elevated heliports, the minimum dimensions of the load-bearing 
area are given in Ref. [6] as: 

- length, diameter;=: 1.5 times the undercarriage length (wheel base or skid 
length) 

- width;=: 1.5 times the undercarriage width (the tread or distance between tire 
or skid centers) 

These dimensions are minimal, however. To take full advantage of the rotor 
downwash ground effect, it is recommended that the minimum dimensions of the 
touchdown pad be not less than 1.5 times the rotor diameter of the largest helicopter 
expected to use the helipad. For touchdown pads less than this minimum, it is 
recommended that an additional nonload-bearing area be added. Elevated touchdown 
pads less than 1.5 rotor diameters in size may subject operating helicopters to 
operational restrictions or penalties. This point will be discussed further later in 
Section 5.2.2. 
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HELlJ'OR'l' CLASSIFICATION 

l'UBLIC~USE I PRIVATE~USJ<l l'l'!RSONA~ USE 

DESIGN FEA'l'URE PlMENSION COMMENl' 

TAKEOFl" & LANDING .AREA To preclude pre~ture obsolescence, 
Length,'width, diameter 1.5 x helicopter over~11 length consider the possibility ot l~rger 

helicopte~ in the future. 

TOUClIDOWN PAD Elevated touchdown pads less than 
Length, width, diameter 1.0 x rotor diameter 1.5 rotor diameters in si~emay 

I 
subject using helicopters to oper~ 

Minimum ground-level ational penalties due to loss of 
Length, diameter 2.0 x wheelbase 1.5 x wheelbase rotor d~ash ground effect. Min-
Widt)l 2.0 x tread 1.5 x tread imally sized touchdown pads ~re not 

encouraged, but may be used in cases 
Minimum elevated of economic or aesthetic necessity. 

Length, diameter 1.0 rotor dia. 1.5 x wheelbase Touchdown pads less than one rotor 
W~dth 1.0 rotor dia. 1.5 tre .... d diameter in size should have addi-

tional nonload-bearing area for, 
downwash ground eftect. 

l'ERIPHERAL ,A.REA An obstacle~tree area surrounding 
Recommended width 1/4 helicopter overall length the takeoft and landing area. 'Keep 
Minimum wid.th 10 teet (3 m) ,the area clear of parked helicopters, 

buildings fences, etc. 

TAXIWAY Paved texivays are not requl,red if 
paved width ,Variable, 2,0-foot (6 m) minimum helicopters hover taxi. 

PARKING POSITION Parking position s)lould be beyond. 
Length, width, diameter 1.0 x helicopter overall length the edge of the periphe~l area. 

Parked. helicopters should not violate 
the 2;1 transitional surface. 

, 
PAVEMEN'l' GRADES 

Touchdown pad, taxiways, 
~arRing~osit10ns 2.0 percent maximum 

i O'l'HER GRADES A lo~root (3 m) wide rapid runoff 
Turf shoulders, ini'ieid shoulder of 5 percent slope is per-
area, etc. Variable, 1~1/2 to 3 percent mitted adjscent to all paved. eurraces. 

CLEARANCES, RO'l.'OR TIP TO OBJECT 
10-fodt (3 m) minimum 

Consider possibility of larger heli~ 
Taxiways, parking positions copters in the ruture. 

HELICOPl'ER PRIMARY SURFACE Imaginary plane overlying the takeoff 
Length, width, diameter 1.5 x helicopter overall length and landing area. Area to be rree of' 
Elevation Elevation highest point takeoff & all obstacles. 

landing area. 

HELICOPl'ER APPROACH SURFACE Protection for helicopter approaches 
Number of surfaces T\(o and departures. '!'he surfaoe should 
Angular separation' 90· min" 180' ~rere rred not be penetrated. by any objects that 
Length 4,000 feet (1 220 m) are determined to be hazards to air 
Inner width 1. 5 x helicopter overall length naVigation. 
outer width 500 feet (152 m) ~ 

Slope 8;1 

HELICOPTER TRANSITIONAL SURFACE Surrace should not be penetrated by 
Length Full length of approaches and objects. 

~rimary surface. 
Width 250 teet (76 m) measured trom 

approach & ~rimary surface 
centerline. 

Slope ,2:1 

,,-,' 

Table 1. Summary of recommended design criteria from the 1977 FAA Advisory 
Circular (Ref. [6]). Criteria do not apply to offshore helicopter facilities. 
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In the 1994 design guide, on the other hand, for hospital heliports, the 
recommended minimum dimension of the TLOF is given in absolute terms, without 
any mention of helicopter size, as 40 feet. For private~use heliports, the least 
dimension of the TLOF is specified as 1.5 times the length or width of the 
undercarriage of the design helicopter, whichever is greater. For public~use general 
aviation heliports (refer to Section 1.2 for definitions) it is recommended that the 
minimum dimension of the TLOF should not be less than the rotor diameter of the 
design helicopter (cf. Table 1). For both private~use and hospital heliports, and for 
public~use'general aviation heliports at site elevations less than 1,000 feet above sea 
level, the least dimension of the FA TO is stipulated as not less than 1.5 times the 
overall length of the design helicopter, in agreement with the first entry in Table 1. 

For a TLOF placed on a platform elevated more than 30 inches above its 
surroundings, the 1994 design guide indicates that a 5 foot wide safety net or shelf 
should be provided, as shown in the sketch in Fig. 7, taken from Ref. [8]. This 
requirement applies to public~use general aviation, private~use, and hospital heliports. 
There is no requirement, however, that a roof~top helipad be elevated. The 
recommendation of Ref. [10] that, preferably, a clear space of at least 6 feet in height 
should be allowed for between the pad and the supporting roof (see Section 2.2, item 
c of this report), is included in Ref. [8] only as a suggestion to help reduce or 
eliminate air turbulence effects. Note, for example, that no clear space between roof 
top and helipad is shown in the sketch of Fig. 8, reproduced from Chapter 5, 
Hospital Heliports, of Ref. [8]. 
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4. Pilot Comments on Fairview Riverside 
Medical Center HeJipad 

In the five months following its opening in November, 1994, approximately 30 
landings and takeoffs took place at the Fairview Riverside Medical Center Helipad, 
Of these, three were accompanied by pilot comments indicating problems/concerns. 
Twice on November lor 2, the following observations were made by the same pilot 
(the observations are reproduced from a BWBR Architects Memorandum dated 
December 1, 1994): 

~ At landing (from north, winds from S.E): 

"At 200 feet above touchdown, pilot experienced severe downdraft on 
downwind side." 

"Mter helicopter moved over helipad, downdraft changed to an 
updraft with moderate turbulence." 

"At touchdown a large increase in aircraft power was required." 

~ At departure, 

"needed more than normal power to take off." 

On November 6, after a "normal approach" and landing, a different pilot noted the 
need for "90 percent torque for liftoff' which is more power than is normally 
required. In the five months following November 6, no difficulties with landing or 
takeoff were noted. 

These observations have been confirmed by Chris Ellis in conversations with 
Richard Pasquarella of Life Link, who has relayed pilot information for use in the 
preparation of this report. General comments from Lifelink pilots have suggested that 
landing and takeoff from the Fairview Riverside Medical Center Helipad are not 
appreciably different or more difficult than from the University of Minnesota 
Hospitals helipad (which has been in operation for a number of years without 
incident). Even at the University of Minnesota pad the pilots can experience minor 
difficulty during landing or takeoff, especially on hot, windy days. These pilot 
comments agree essentially with the comment in Ref. [15] in regard to the level of 
skill needed to operate helicopters at elevated sites (see Section 1.2). 
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5. Analysis 

This section presents an analysis of the questions raised in Section 1.1 in the light 
of the information examined in the preceding sections. The recommendations for 
further action summarized in Section 6 are discussed. 

5.1 Wind Flow Patterns 

The results of Nakayama et al. [12] (see Section 2.3) were used to estimate the 
height of the separated shear layer over the Fairview Riverside helipad and thus the 
regions of accelerated and reverse flow and of possible upwash and downwash 
velocities (see Section 2.1). The needed building dimensions (rounded off to the 
nearest foot) and rooftop elevations have been summarized in Fig. 10, compiled from 
furnished building drawings. The top surface of the helipad is 6 ft above the roof. 
Deducting the helipad thickness (12 in) and the height of the supporting beams (18 
in), the clear space between the pad and the roof is 3.5 ft. 

Some approximations were necessary in order to apply the results of Ref. [12] 
because of the differences in building and helipad geometries. Building model I of 
this reference (case study) was rectangular in cross section, 60 mm wide by 124 mm 
long, with small corner entrances. The model height was 242 mm. At a model scale 
of 1:350, the corresponding prototype dimensions were 21 m x 43.3 m x 84.7 m 
(about 69 ft x 142 ft x 278 ft). The other two models used had square cross sections, 
with dimensions 100 mm x 100 mm x 250 mm and 150 mm x 150 mm x 375 mm. For 
a helipad-rooftop air gap of 3 mm and a helideck thickness of 2.2 mm (these are the 
values corresponding to the Fairview Riverside helideck at the scale of 1:350), one 
obtains from the data of Ref. [12], after suitable interpolations and adjustments, an 
estimated model shear layer height at the center of the helipad of around 20 to 25 
mm (23 to 29 ft in the prototype building), depending on whether the mean velocity 
or the turbulence intensity is used to define the position of the shear layer. Reducing 
these results in the ratio of building widths (45 ft for the Fairview Riverside Medical 
Center, 69 ft for the case study of Ref. [12], one gets an estimated value of the shear 
layer height at the center of the Fairview Riverside helipad of between 15 ft to 19 ft. 

This value is lower than the roof heights of the 3-floor mechanical equipment 
portion of the building extending above the 13th floor (rounding off to the nearest 
foot, roof heights measured off the 980'-11" elevation of the helipad rooftop are 15 
ft, 25 ft, and 35 ft, see Fig. 10). For winds roughly from a quadrant extending from 
SE to NE, the wake of the mechanical equipment rooms would affect the wind flows 
over or in the vicinity of the helipad. A cursory estimate of the height of the shear 
layer and separated flow region behind this highest part of the building (see Section 
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2.2) suggests a region of influence on a cross wind extending to no more than about 
60 ft above the helipad. 

Given the preceding estimates, and in spite of the approximate nature of the 
analysis, it is highly unlikely that the "severe downdraft on downwind side" reported 
by a pilot twice on November 1 or 2 (see Section 4) at 200 feet above touchdown was 
caused by a building induced shear layer. While one could conjecture as to the cause 
of the downdraft (oncoming wind turbulence or some thermal effect), it cannot be 
expected that modification to the building or heJipad will affect in any way such 
phenomena. 

Because the record does not indicate the height at which "downdraft changed 
to an updraft with moderate turbulence" after the helicopter moved over the helipad 
(see Section 4), it is not possible to comment on this second pilot observation. 

As pointed out for example in Refs. [3] and [10] (see Sections 2.2 and 2.4), an 
accurate determination of shear layer positions, separated flow regions, and upwash 
and downwash velocities requires a model study for the specific building configuration 
and surroundings. In particular, oblique winds result generally in smaller separation 
zones and steadier downflows associated with trailing vortices (see Fig. 2), and these 
effects are highly dependent on building and helipad geoinetry and approach wind 
characteristics. In addition to specific case studies, general studies of the flow features 
around elevated helipads, including the determination of the sensitivity of helicopter 
operations to the characteristics of the wind, are lacking and would be a welcome 
addition to the technical literature. 

For the specific case of the Fairview Riverside helipad, however, given the fact 
that no other turbulence related problems have been noted in landings or takeoffs 
in the five months following November 6 and given the comments from Lifelink pilots 
reviewed in Section 4, it is not recommended that a model investigation be carried 
out at this time (see also next section). Instead, a site wind measurement program is 
suggested, which is summarized in Section 6. The record of these field measurements 
would constitute a database which, when correlated to pi1ot~defined problem 
conditions, could be .used to identify or at least define more precisely the 
characteristics of the winds associated with th~se problem conditions. 

5.2 Size and Characteristics of the Fairview Riverside Helipad 

5.2.1 Helipad Elevation and Location 

There is a clear space of 3.5 ft between the heJipad and supporting beams and 
the rooftop of the Fairview Riverside Medical Center. As discussed in Section 3, 
there is no requir~ment in the FAA Heliport DeSign AdVisory Circulars [6, 8] that a 
roof-top helipad be elevated. The recommendation of Ref. [10] that, preferably, a 
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clear space of at least 6 feet in height should be allowed for between the pad and the 
supporting roof, is included in the 1994 FAA Circular only as a suggestion to help 
reduce or eliminate air turbulence effects. While the few available investigations [3, 
12] do support such a reduction of turbulence effects for an elevated helipad, the 
magnitude of the reduction in relation to the building geometry and the helipad 
elevation and location on the rooftop, and to other non-building related turbulence 
effects, cannot be clearly ascertained at this time. Furthermore, as pointed out in Ref. 
[10] (see Section 2.2), any proposed methodology to determine areas of anticipated 
wind influence of particular interest to helicopter operations must be complemented 
by data (currently incomplete or lacking) on the relative sensitivity of these 
operations to the estimated winds about the building. 

The location of the Fairview Riverside helipad on the west end of the hospital 
rooftop appears favorable, since only winds roughly from a quadrant extending from 
SE to NE are blocked by the mechanical equipment rooms above the helipad 
rooftop. These winds are not predominant statistically. For winds from the north, 
west, and south, the existing gap should be of some help in streamlining the wind 
flow. Generally, the helipad location satisfies the qualitative design criteria of Refs. 
[10] and [3] (see Sections 2.2 and 2.4). 

At this time, and given in particular the fact that the helipad complies with the 
FAA guidelines, a site wind measurem~nt program rather that a wind tunnel model 
study is recommended in Section 6 to shed additional light on the nature of the wind 
flows over and in the vicinity of the pad. In the light of the extensive review 
conducted in the preparation of this report, however, it must be pointed out that a 
generic study of wind flow characteristics around elevated rooftop helipads, 
complemented by data (currently inconiplete or lacking) on the relative sensitivity of 
helicopter operations to the estimated winds in the vicinity of the pad, would be a 
useful addition to the technical literature and allow the development of quantitative 
design criteria. The U.K. Civil Aviation Authority guidelines on the design and 
construction of offshore installations include already a recommendation on maximum 
vertical wind velocities at rotor height (see Section 2.4, item 2). 

5.2.2 Helipad Size 

The helipad under study is in compliance with Minnesota Department of 
Transportation design guidelines, which specify that the TLOF be a minimum of 45 
ft in diameter or 45 ft square 'and the FATO be a minimum of 90 ft by 105 ft. It is 
also in compliance with the 1977 and 1994 FAA guidelines [6, 8] described and 
compared in some detail in Section 3. The overall length of the Sikorsky S-76 
helicopter is 53 ft, with a main rotor diameter of 44 ft. 

However, as noted in Ref. [6] (see Table 1 and Section 3), to take full advantage 
of the rotor downwash ground effect, the minimum dimensions of the touchdown pad 
should be not less than 1.5 times the rotor diameter of the largest helicopter expected 
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to use the helipad, For touchdown pads 1ess than this minimum, it is recommended 
in this reference that an additional nonload~bearing area be added so as to avoid 
subjecting operating helicopters to operational restrictions or penalties. 

It is possible that the (three times) observed need for greater than expected 
power on liftoff from the Fairview-Riverside Helipad (see Section 4) be related to the 
fact that the pad is minimally sized and the roof extends beyond the pad only on one 
side, reducing the benefits of ground effect on takeoff. Ground effect is the impact 
of the ground or underlying surface on aerodynamic lift during takeoff or landing. 
Without ground effect, more power is requi,red for 'takeoff. The observed need for 
greater power on takeoff& could also be due to a temperature effect (see next 
section). To shed additional light on the problem, it is recommended in Section 6 that 
a simplified calculation of ground effect be carried out to ascertain the possible 
benefit of adding nonload-bearing area (in various, percentages to permit a cost 
analysis) to increase helicopter lift. 

5.2.3 Temperature Effects 

In general, more power is required for liftoff on hot days due to the effect of air 
density on helicopter power and lift. The review of offshore platformhelidecks in 
Section 2.4 has been included in this report to highlight this point, specifically the loss 
of payload estimate given in Ref. [11] and the recommendations of the Civil Aviation 
Authority, United Kingdom, reproduced in Ref. [3]. Items 3 and 4 in Section 2.4 are 
specially noteworthy. 

To obtain additional information on temperature effects, it is recommended in 
Section 6 that temperature be also measured together with wind velocities. It is also 
recommended that a simple analysis of the possible effect of the ventilation system 
exhaust on air densities be carried out. .some work will be required to identify the 
optimum locations for temperature and perhaps humidity sensors, if it is deemed 
necessary to install more than one sensor. 
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6. Conclusions and Recommendations 

1. At the present time, it appears that building or helipad induced turbulence is not 
causing any more difficulty in helicopter operations at the Fairview Riverside 
Medical Center helipad than occurs at other similar facilities. Therefore, while 
recognizing current needs for additional general studies of wind flow 
characteristics around elevated helipads, a model study of the Fairview Riverside 
pad is not recommended at this time. This is not to say that turbulent and 
potentially dangerous conditions never exist at the helipad. It is commonly 
recognized that a greater level of pilot proficiency and expertise is required for 
landing on and taking off from rooftop helipads than is needed for ground-based 
operations due to the higher levels of turbulence and higher cross wind speeds 
on building rooftops than on the ground. 

2. It is proposed that 2 or 3 anemometers be installed on the roof of the Fairview 
Riverside Medical Center at the locations shown in Fig.10. Anemometer A1 
should be on a mast 5m to 10 m high above the highest roof (elevation 1015'-7"). 
Anemometers A2 and A3 (optional) should be located on the edge of the pad, 
as high as possible taking into account the clear space requirements of the 
FATO. It is noted here that the lights presently installed on the TLOF extend 
about 20 inches above the pad. A height of 20 inches over the pad for 
anemometers A2 and A3 would be adequate. Note that the typical lighting 
installation shown in Fig. 7, reproduced from the 1994 FAA Advisory Circular, 
shows lights extending only 2 inches above the pad. 

The anemometers should measure and record mean and gust wind speeds and, 
at least for anemometer AI, wind direction. The St. Anthony Falls Laboratory 
has recently carried out a similar program of field wind measurements at the 
University of Minnesota Health Science Complex [4] and can provide help if 
needed with the proposed measurements. 

Additional anemometer locations may be recommended at a future date if 
further documentation of the wind patterns in the vicinity of the helipad appears 
necessary. 

3. The helipad elevation and gap between pad and rooftop satisfy current Federal 
Aviation Administration and Minnesota Department of Transportation design 
guidelines. A generic study of wind flow characteristics around elevated rooftop 
helipads, complemented by data (currently incomplete or lacking) on the relative 
sensitivity of helicopter operations to the estimated winds in the vicinity of the 
pad, would be a useful addition to the technicalliterature. 
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4. The helipad size is also in compliance with Minnesota Department of 
Transportation and Federal Aviation Administration design guidelines. However, 
the pad dimensions do not take full advantage of the rotor downwash ground 
effect. Should the observed liftoff problems continue during the summer, it is 
recommended that a numerical study be undertaken to look into ways of 
increasing lift at takeoff by increasing ground effect. A simplified calculation 
could be carried out to estimate the increase in helicopter lift due to various 
additions of a nonload-bearing area, so as to allow for a cost-benefit analysis of 
the lift increase. 

5. To examine possible temperature effects on helicopter power and lift, it is 
recommended that temperature be also measured together with wind velocities. 
It is also recommended that a simple analysis of the effect of the ventilation 
system exhaust be carried out. Work will be needed to identify optimum 
locations for temperature and perhaps humidity sensors, if it is deemed necessary 
to install more than one sensor. 
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Fig. 1 Visualization of the flow around two prismatic building models placed in an 

atmospheric boundary layer flow generated in the SAFL wind tunnel. 

Fig. 2 Vortices above inclined triangular wing at 20 degree angle of attack (Ref. 

[14]). 



Fig. 3 Elevated platform private~use heliport, Los Angeles, California (Ref. [6]). 

Fig. 4 Rooftop private~use hospital heliport, Peter Smith Hospital, Fort Worth, 
Texas (Ref. [6]). 



Fig. 5 Helicopter transporting offshore drilling crew (Ref. [6]). 

Fig. 6 Raised TLOF with a safety net (Ref. [8], Public Use General Aviation 
Heliports). 
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Fig. 7 Elevated TLOF and safety net, showing possible lighting arrangements (Ref. [8], Private Use Heliports). 

Fig. 8 A roof top hospital heliport (Ref. [8J, Hospital Heliports). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

__ cc.-'._.-.c. . .-'----.--~-.~--~----~--.~~~~~I 



AIMING CI~Q.LE~ . 'C 

;~:s: 

NOTES: 

1. The length' and width of the helicopter de'ck should beat least equal to 
the rotor diameter of the largest single main rotor helicopter exoected 
to use the facility •. For tandem rotoreo helicopters, see paragraph 101. 

2. An additional area equal to 1/3 the rotor diameter. should be kept free 
of objects that would penetrate a 2:1 (horizontal to vertical) surface 
commencing at the edge of the helicopter deck. 

3. .A 16-inch (40 cm) wide stripe should be used '.to mark the alllUng circle 
and the helicopter deck edge. Unit identification and, if appropriate, 
the weight limitation marking shouid be added. ,Markings should be in a 
color that offers the greatest contrast to the deck color. 

4. Neither the perimeter lights nor the outer edge of the safety net or 
railing should project more than 6 inches (15 em) above the helicopter 
deck surface. 

Fig. 9 An offshore belicopter facility (Ref. [7]). 
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Fig. 10 Plan view of the Fairview Riverside Medical Center helipad site. Dimensions 
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