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SUMMARY
Air motions in the vicinity of Mt. Everest are reported [rom lated to occur around and over the summit pyramid: [ow-
12 years of Pilatus Porter flights. A “funnelling” cffect was separation and laminar flow. Air motion measurements and
discovered which permitted soaring flights of the Porter to theoretical studics are identified which may help understand
altitudes above its ceiling. Two different air flows are postu- the postulated air flows.
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Figure 2, Air motions deduced from the Porter flights in the
Everest region. The line of arrows denotes a typical flight

path.
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Figure 4. The flight path of the Pilatus Porter aircraft
between Kathmandu and the Everestregion. The enlargement
of the Everest region in Figure 2 is identified by the dashed

box.

1. INTRODUCTION

Foratwelve year period, 1974-1986, a Pilatus Porter STOL
aircraft was flown in Nepal by the sccond author, as described
by Ronnau (1978). Approximately 2,000 flights werc con-
ducted between Kathmandu and the Everest Massif (sce
Figure 1). As a result of these flights, information has been
obtained on the updralts, downdrafts and turbulence in the
vicinity of the mountain. These data, although qualitative,
may help the effects of the high Himalayan mountains on
atmospheric motions of all scales to be understood.

In this paper, we report a “funnelling” effect caused by the
West Cwm of Everest which permilted soaring flights of the
Porter to altitudes above its ceiling. Also, banner clouds and
capclouds caused by Everestillustrate two different air flows;
the meteorological conditions causing the [lows remain to be
determined.

2. PROCEDURES

The Porter flights were conducted for tourists to view M,
Everest and for mountaineering supply and rescue missions.
The flights occurred under VFR conditions and when south-
westerly to westerly upper air flows were present. [t was found
thatnorthwesterly flows caused severe rotor activity along the
flight path. The approximately two hour flights were con-
ducted in the morning hours to avoid the substantial convec-
tive turbulence along the foothills. The foothills are located
between Kathmandu and the Lukla air strip (sec Figure 1),
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Flights were conducted when the upper air flows were Lypi-
cally less than 50 m/s 10 avoid severe turbulence. These
conditions occurred gencrally during late October to mid-
December (post-monsoonand pre-winter) and May-June (post-
winter and pre-monsoon); aresult consistent with Kathmandu
winds-aloft data reported by Reinhardt et. al. (1985).
During wintertime between the Lukla and Synagboche
airstrips, the Dudh Kosi Valley is frequently covered by
stratus in the morming. Above the stratus (4000-4500 m) the
air between the airstrips is often very rough. Frequently, in
February, frequently no clouds occur in the valleys. In these
cases, the flights could only be made at very low altitudes in
the valleys approaching Lukla or Syangboche airstrips owing
to severe turbulence higher up in the Dudh Kosi valley. Only
south of Lukla would smoother conditions occur in the valley.

3. RESULTS

A routine flight pattern in the region of Mt. Everest is
illustrated in Figure 2. The flight pattern followed the valleys,
which were usually ncarly calm, until reaching Syangboche
airfield. There, a transition occurred to the high-speed west-
erly airflows. As a result of the high-speed flows, two wake
turbulence regions were often encountered. The first region
was downwind (cast) of Taboche peak and the second was
downwind (east) of the Chakri ridge. To avoid these regions,
the plane flew underncath the wakes. Alutude was gained

TECHNICAL SQARING



RicHT

L BT ENE

Figure 3. A vicw of the Everestregion from a space shuttle
overllight on December 2, 1983 a1 0931 LST. The piciures are
mounted as a stereo-pair for 3D viewing. Landmarks for the
photographs are given on the schematic to the right. (Photo
courtesy of M. Reinhardt, DFVLR).
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either in spiral or figure-cight patterns between the wakes and
over Basce camp.

The West Cwm was entered if low wind speeds existed (<30
m/s)above Base camp. Strong hill 1ift was frequently encoun-
tered on the west face of Lhotse. When possible, soaring
[Mights were conducted between about 7,800 m to 10,000 m
(Cu cloud base over Lhotse). On leaving the Cwm, strong
downdrafts were encountered immediately downwind of the
southeast and westridges of Everest. The rising air motions on
the face of Lhotse reveal a “funnelling” effect caused by the
West Cwm and the downdralts reveal sinking air in the lee of
Everest. The “funnelling” ¢ffcct was not predicted from initial
Everest air flow simulations by Hindman (1986).

Additional air flow information has been obtained (tom
photographs of clouds formed by the Massil itsell. The
common banner-cloud demonstrates strong riging air in the
lee of the peak and subscquent cloud formation, while a less
common cap-cloud forms over the summit indicating arising
motion upwind of the summit and sinking air downwind.

Figure 3 is an on-top view of a cap cloud from a Shuttle
over-flight on December 2, 1983 a1 0931 LST. The figurc isa
stereo-pair and can be viewed in 3D using the “cross-eye”
technique (Fraser, 1968). Carclul inspection of the figure
reveals the leading edge of the cap cloud slightly upwind of the
summil and the thin cap cloud above the summit, Itappears the
downwind portion of the cloud shadow contains Kelvin-
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Helmholez billows; indications ol wave-activity downwind of
the summit. This conclusion is consistent with the Chincse
observations of lee-waves downwind of Everest (Gao, 1981).

Douglas (1982) reports that banner clouds occur from
isolated peaks in the Alps when the wind speed increascs
dramatically near the summits. Further, he reports that the
banner and cap clouds differ primarily because of their mois-
ture sources; the banner clouds appear to draw their moisture
from lower down than do the cap clouds; cumulus on lower
ridges are observed with banner clonds. Douglas reports that
the presence of cap clouds and the absence of banner clouds
probably indicates that the layer some 600 m or so underneath
the cap cloud is relatively dry and stable; he reports that cap
clouds indicate moist, strong winds at summit levels.

Inspired by the work of Douglas, we postulate that the
banncr and cap clouds caused by the Everest pyramid are
visible manifestations of two separate and distinct flow con-
ditions as illustraied in Figure 4. The banner cloud is caused
by flow-separation while the cap cloud is caused by a non-
scparated (laminar) flow. Rising air occurs on the lee side of
the summit pyramid during flow-separation while sinking air
occurs on the lee side during laminar (low.

The air motion reports in Figure 2 appear o support the
laminar flow condition. The reports show sinking air on the lee
of the summit pyramid and updrafts on the windward face of
Lhotse. Also, light downdrafts are reported on the south side
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Figured. Postulated air flows around and over Mt Everest.
flow-separation and laminar flow.

of the West ridge. It is argued that light updrafts probably
occurred on the north side (windward side) of the Westridge.

The air motions reported in Figure 2 and those postulated in
Figure 4 form the basis for guiding numerical simulations of
the airflow around and over Mt. Everest. The numerical mes-
oscale model of Lee, et. al. (1988) may be a suitable one for
studying the airflows. A systematic investigation with the
model of vertical distributions of temperature, wind and
moisture conditions may help explain the meteorological
conditions which cause the banner and cap clouds. This
knowledge will be valuable for helping undersiand the flow
ficlds and, hence wind forecasts lor the region.

4. CONCLUSIONS

Air motions are reported from Pilatus Porter flights in the
vicinity of Mt. Everest. A “funnelling” effect caused by the
West Cwm of Everest was discovered which permitted soar-
ing flights of the Porter 1o altitudes above its ceiling. Also,
banner clouds and cap clouds causcd by Everestare postulated
to illustraie two different airflows, flow-separation and lami-
nar flow, respectively.

Detailed air motion measurements of Everest-induced air-
flows would quantify the qualitative results reported here.
Further, such measurements are required to test 3D numerical
simulations of Everest airflows. Such knowledge may help
wind [orecasts for [uture Everest flights, as well as climbing
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actlivities.

Finally, the measurements and numerical simulations may
identify hill-lift regions which could cnable a soaring ascent
of Everest (in a modern sailplane) [rom near the Syangboche
airstrip Lo the summit.
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