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ABSTRACT

Diver's heating hose is used to transport heated sea water from

the surface to a diver to provide him with thermal protection. At present no
criteria exist for determining the suitability of a given hose for this
application. This report describes how requirements of hot water heating

systems were used to define hose evaluation criteria. These criteria were

then applied to findings of a comprehensive survey of commercially available

hoses. As a result, a number of hoses are identified as suitable for diver

heating.
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INTRODUCTION

The use of hot water heating systems for diver thermal protection

has increased in recent years. The operation of these systems is quite

simple. Sea water is heated at the surface and then pumped through an

umbilical hose to the diver. At the diver it is directed through a special unit

which distributes the heat to all parts of the body. Finally, the water

is exhausted from the suit through a number of "leak" paths. In deep dives,

the water may also be directed to a heat exchanger to heat the diver's breathing

gas.

Presently the U. S. Navy has no established criteria for determining

whether a given hose will be suitable for conveying hot sea water to the diver.

This task was initiated to define practical criteria by which hoses could

be judged and use these criteria to identify suitable hoses.
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In order to insure that the hoses recomended in this report

would meet the operational requirements of present and proposed Navy hot

water heating systems, the task consisted of a sequence of five steps.

These steps are summarized below while more detailed explanations are

included in the later sections of this report.

First, the operational requirements of the hoses were outlined

in general form. Review of the ASR-21 and the Mark 1 Mod 0 heating

systems revealed general pressure, temperature, and flow requirements for

hot water systems.

These requirements were outlined in a letter of inquiry to hose

manufacturers listed in the Thomas Register. Limited response to the

letter prompted a more direct second effort to obtain information from

manufacturers. Telephone calls and a second, simplified letter resulted in

the identification of 22 companies that could provide potentially suitable

hoses.

Theoretical analyses were also conducted to correlate heat and

pressure loss to hose characteristics and operating conditions. These

correlations were then used to examine two of the most severe diver heating

scenarios. It was shown that the worst case of application is a deep water

dive where hose inlet temperatures and pressures might be as high as 175*F

and 185 psi respectively.

With the information gained in these first three steps of the

program, Battelle Investigators and NEDU personnel were able to make the

final definition of hose evaluation criteria. These criteria can be used

to judge not only the hoses identified in this survey but also new hoses

which will undoubtedly be considered in the future.

Finally, the hoses which had been identified in the market survey

were evaluated against the criteria. In addition to manufacturers infor-

mation, hose samples were obtained for visual examination of quality. Ten

hoses were selected as meeting the established criteria.
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RESULTS

The results of this task are summarized in the following figures

and tables. Table 1 is a matrix of the most suitable hoses found in the

survey along with comparative characteristics and prices. All of the hoses

included in this list should be suitable for diver hot water heating.

Selection of a particular hose may be based on availability, cost, or

previous experience.

Figure 1 is a graph of flow-induced pressure loss to be expected

for hoses of different inside diameters and lengths. The graph can be

used to estimate the required inlet pressure for a particular hose and flow

rate. Alternatively, it can be used to select a hose of suitable diameter

for an intended flow and inlet pressure.

Table 2 indicates required inlet temperatures for different sized

hoses operating in water of various temperatures. It can be used by the

dive master to set the heating system controls at the start of a dive.

Diver's comments will then be used to adjust inlet temperatures for varia-

tions in operating conditions or for his comfort.

It should be noted that these values are derived from theoretical

calculations which include a number of assumptions. Actual heat losses will

undoubtedly differ from those predicted by theory. Experience in diver heating

operations will ultimately prove to be the best guide.

CONCLUSIONS AND RECOMHENDATIONS

In the course of completing the hose survey and theoretical calcu-

lations, our research has led us to conclude the following

(1) Hoses suitable for diver's hot water heating systems

are available from many sources. No specific source

has been shown to be clearly superior for all appli-

cations.
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TABLE 2. REQUIRED INLET TEMPERATURES FOR HOT WATER FLOW
THROUGH 1/2-INCH HOSE DISCHARGING AT 105 F

Umbilical
Length, Ambient Water Temperature, F
Feet 35 40 45 50 55 60 65 70

Water Flow - 2 GPM

100 114 114 113 112 112 111 110 110
200 125 123 122 121 119 118 116 115
300 137 135 132 130 128 125 123 121
400 150 147 144 141 137 134 131 128
500 166 161 157 153 148 144 140 135
600 183 178 172 166 161 155 150 144

Water Flow - 3 GPM

100 111 111 110 110 109 109 108 108
200 118 117 116 115 114 113 112 111
300 125 123 122 121 119 118 116 115
400 133 131 129 127 125 123 121 119
500 141 139 136 133 131 128 126 123
600 150 147 144 141 137 134 131 128

Water Flow - 4 GPM

100 110 109 109 109 108 108 108 107
200 114 114 113 112 112 111 110 110
300 119 118 117 116 115 114 113 112
400 125 123 122 121 119 118 116 115
500 131 129 127 125 123 122 120 118
600 137 135 132 130 128 125 123 121
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(2) In generalmanufacturers do not have specific data

on hose characteristics important for this applica-

tion, specifically heat insulation properties and

life expectancy when flowing hot, possibly oil con-

taminated, salt water.

(3) Until results from laboratory testing and/or field

evaluations are obtained, it is not possible to define

completely the suitability of a particular hose for this

application.

Therefore, we recomnend that the Navy Experimental Diving Unit

or another qualified, diving-oriented group be tasked to test the hoses

selected in this report. The review need not comprehensively investigate

all aspects of the hoses. However, critical characteristics, such as heat

transfer properties and resistance to oil and hot salt water, should be

defined as completely as possible.

RESEARCH PROCEDURE

The research efforts of this task were conducted according to the

following five steps:

(1) Preliminary Definition of Hose Requirements

(2) Market Survey

(3) Theoretical Analyses

(4) Final Definition of Hose Evaluation Criteria

(5) Selection of Suitable Hoses.

These steps are discussed in detail in the following sections of the report.

Preliminary Definition of Hose Characteristics

The first step in the selection of hoses for this application was

to review the existing hot water heating systems and to identify some of the

critical environment conditions which the heating hose must withstand.
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Therefore, Navy representatives were contacted who had experience with hot

water systems. In addition, reference was made to a Battelle report

"Design Review of Diving Support Systems Aboard ASR-21', SUPDIV Report 1-72

by J. A. Henkener, et al.

From the information gathered from these sources, the following

hose characteristics were defined:

(1) Working Pressure - 200 psig

(2) Temperature Range - 0-240*F

(3) Good Heat Insulation

(4) Compatibility with Seawater, Petroleum Oil and Mild

Cleaning Solvents

(5) Inside Diameters from 1/2 in. to 1-1/2 in.

(6) Lengths from 100 to 1000 feet.

It was felt that if hoses of these characteristics were identified

they would be able to withstand the most severe conditions likely to be

found in a diver's heating system.

Market Survey

Once the preliminary hose requirements were established, a survey

of comercially available hoses was conducted. A list of hose manufacturers

was compiled from the Thomas Register. Each manufacturer was sent a letter

of inquiry containing the hose requirements and asking for technical and

price information on hoses which could meet the requirements.

The response to this letter was not good. Many companies wrote back

saying that they could not make such a hose -- but not saying why. Most

companies did not respond at all. With the benefit of knowledge gained since

that letter was written, it became obvious that: (1) The letter was too long

and complicated for easy response by manufacturers and (2) the temperature

and length requirements were too severe.

When it became obvious that the letter of inquiry was not producing

the desired results, a second attempt was made. This time a number of large
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companies were contacted by phone. Other companies were sent a short,

direct letter asking for information. Some companies were dropped from

consideration because their major product line did not include reinforced

rubber hose.

The response to this second effort was much more positive.

Information was obtained from companies which could provide potentially

suitable hoses. This information was compiled into matrix form and is

shown in Appendix A. Also included in this appendix is a list of all

companies contacted and their responses.

Theoretical Analyses

Concurrent with market survey efforts, a number of theoretical

analysis were undertaken. Two factors were investigated, pressure loss and

heat loss. Both factors are influenced by and, in turn, influence hose

characteristics. The following sections of this report show how these

factors are affected by hose characteristics and operating conditions.

Flow-Induced Pressure Loss

The inlet pressure for hot water hoses can be determined by cal-

culating flow induced pressure losses. Other factors such as elevation

of the inlet of the hose relative to the diver produce only small effects

in comparison*. The pressure loss caused by flow can be calculated from

the formula

AP - .000216 d5  (1)d
5

where

AP a Pressure loss, psi

L a Hose length, feet

A static pressure head is produced because of the difference in density
of hot sea water vs. cold. However, even in the worst case of an 850'
dive the static head will not be more than 5 psi. This error is partially
offset by the location of the hot water source above the ocean surface.

** Equation derived from Equation 3-14 in Crane's Flow of fluids Through
Valves, Fittings, and Pipe, Crane Co., 1969.
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p - Fluid density, lb/ft
3

Q - Flow, gpm

d - Inside diameter, inches

f - Friction factor.

Since the density of sea water is about 64 lb/ft3. the friction factor for

smooth bore hoses of 1/2 inch to 1 inch I.D. is about 0.24, and the outlet

pressure is zero, Equation (1) can be simplified to

P inlet - .033 L  (2)

d
5

This relationship is shown graphically as Figure 1 of this

report.

Temperature Loss

Because the water inside the hose is hotter than the water

surrounding the hose, some heat loss is expected. The question arises:

what must the inlet temperature be to insure that the outlet temperature

at the diver is adequate? To answer this question we can make use of an

equation derived in Reference 1 (Equation 6, Page 42).

2wKL
mC ln(d.)/d)ti = (t3-t2)e 2 1 + t2  (3)

where:

tI  Temperature of water entering the hose, *F

t2  Temperature of surrounding water, *F

t3  Temperature of water leaving the hose, "F

K - Thermal conductivity of the hose material Btu/hr-ft-*F

L - Length of the hose, feet

a - Water mass flow rate, lbs/hr

C - Specific heat of water, Btu/lb-*F

d- Inside diameter of hose, inches

d2 Outside diameter of hose, inches.
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In the derivation of this equation the following assumption is

made:

(1) The inside and outside of the hoses are at the temperature of

the water with which they are in contact. The effect of

current is therefore accommodated although a slightly reduced

heat loss would be expected when diving in still water.

Equation (3) can be simplified if a few additional assumptions are

made:

(2) The thermal insulating properties of comon hose materials

(EPDM, BUNA N, Neoprene, etc.) are approximated by the factor,

K- 0.12 BTU
hr-ft-*F

This number will be affected by variances in material formu-

lations and by the number and types of reinforcing braids.

However, temperature requirements based on this number

correspond closely with curves available from Diving

Unlimited International. Actual K factors will probably

range from .09 to .18 BTU/hr-ft -'F.

(3) The ratios of hose O.D. to hose I.D. (outside to inside

diameters) for the hoses under consideration are 1.81 for

1/2-inch I.D., 1.67 for 3/4-inch I.D., and 1.50 for 1-inch

I.D. Again, variation in these ratios can be expected as

shown in the he"t matrix in Appendix A.

In addition, the following substitutions are made:

479 Q (Q is flow in gals/min)*

C 1 BTU/lb-*F

and 2K Q

1 In (d 2 /d 1 )

= 2w.0.12.O
479"1"In (d2 /d 1 )

a 3 Q.(sal/uin)-64(lb/ft3).60(uin/hr).0.13(ft3/gal).
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Now Equation (3) may be written

t1 - (t3-t2)e KI + t2  (4)

where

t1  Require inlet temperature, *F

t2  Ambient sea water temperature, *F

t Desired outlet temperature, *F

L = Length of hose, feet

Q Flow through hose, gpm
GPM

K., .00250 for 1/2" I.D. hoseSft

.00286 P- for 3/4" I.D. hose

= .00362 P-- for 1" I.D. hose.

Equation (4) was used to generate Table 2 presented on page 6 of this

report.

Although assumptions 2 and 3 are useful for generating Table 2,

it is desirable to determine the errors in t1 which might be produced if

the thermal insulating properties or O.D. to I.D. ratios of the hases

deviate from the assumed values. Therefore, a few severe cases were con-

sidered in which the K values and the O.D./I.D. ratios were varied from

their minimum to maximum expected values.

For these cases surrounding water temperature (t2 ), desired outlet

temperature (t3) and flow rate (Q) are constant at values of 40*F, 105*F,

and 3 gpm respectively.

As seen in Figure 2, neither the K value or the O.D./I.D. ratio

affect the required inlet temperature to a great extent with a 300 foot

umbilical. However, with a 600 foot umbilical (assuming its entire length

is Imersed) the effect of a large K value or small 0.D./I.D. ratio become

significant. It would seem apparent, then, that when a short, 300 ft,

umbilical is required, criteria such as price, availability, or proven

durability might be the primary criteria to use. Whereas, with longer

umbilicals, closer attention must be given to the hose's thermal insula-

tion qualities.
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Worst Case Analysis

Using Figure 2 and the heat-loss Equation (4), we can estimate the

"worst case" pressure and temperature requirements. With less demanding

applications, pressures and temperatures will be significantly less. Two

cases were investigated: (1) a deep dive to 850 feet where divers are

supported from a PTC and (2) a mixed gas dive to 300 feet where divers

are independently supplied from the surface through 600 feet umbilicals.

Case 1-850 Foot Dive With PTC. The conditions for this dive

scenario are:

Three divers supported from a PTC at 850 FSW

Length of diver's umbilicals - 300 feet

Length of bell umbilical - 1200 feet

Flow to each diver - 3 GPM

Water temperature required at diver - 105 F

Ambient water temperature - 40 F

Assumptions (2) and (3) valid -- e.g., K - 0.12 BTU/hr-ft-*F and

O.D./I.D. - 1.80 for 1/2" hose

- 1.67 for 3/4" hose

- 1.5 for 1" hose.

Analysis of requirements is completed according to the following

procedure:

(a) Size diver and bell umbilicals for flow capability

According to Figure 1, pressure losses through hoses are:

300 feet of 1/2-inch I.D. hose flowing 3 GPM - 3 psi

1200 feet of 3/4-inch I.D. hose flowing 9 GPM - 125 psi

Estimated valve and fittings losses M 30 psi

Total pressure required at source - 183 psi

If 183 psi is too great or if 4 divers will be supplied,

then 1-inch I.D. bell umbilical would be recoumended:

300 feet of 1/2-inch I.D. hose flowing 3 GIM - 28 psi

1200 feet of 1-inch I.D. hose flowing 12 GPM - 53 psi

Estinated valve and fittings losses - 30 psi
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(b) Estimate water supply temperature. Temperature of water at

the bell is determined by estimating the heat losses

through the 1/2-inch I.D. hoses using Equation (4) (or

Table 1):

tbell (tdv -d r tambient )e + tambien t

.00250.
300

- (105-40)e 3 + 40

- 123"F

Knowing the required temperature at the bell we can calculate

the heat losses through both 3/4-inch and 1-inch I.D. bell

umbilicals:

tsurface " (tbell - tambient e KQ + tambient

.00286120-0(123-40)e 9 + 40

= 162*F for 3/4-inch I.D. hose @ 9 GPM

Using the same procedure we can see the effect of substituting

1-inch I.D. hose and different flow rates:

For 1-inch hose @ 9 GPM

Tf - 175 F

For 1-inch hose @ 12 GPM

Tsurface - 159 F

Case 2--300 Foot Dive With Independent Surface Support. The condi-

tions for this dive scenario are:

Each diver individually supplied from the surface to 300 FSW

Length of umbilical - 600 feet

Flow to each diver - 3 GPM
Water temperature required at diver - 105 F

Ambient water temperature - 40 F

Assumptions (2) and (3) valid.
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As in Case 1, the umbilicals are first sized for flow capability:

(a) Size umbilicals for flow capability

According to Figure 1, pressure losses are:

600 feet to 1/2-inch I.D. hose flowing 3 GPM - 57 psi

Estimated valve and fittings losses - 25 psi

Total pressure required at source - 82 psi

(b) Estimate water supply temperature

Using Equation 4 (or Table 1):

tsurface w (tdiver - tambient)e + tambient

.0025 -~- (105-40)e 3 + 40

- 147'F.

Having completed this analysis, we may conclude that the 850-foot

dive will make thi greatest demands on the supply equipment and the hoses.

The maximum pressure in that case could be 183 psi and the maximum tempera-

ture could be 175 F. Due to the assumptions made in these analyses, it is

reasonable to require hoses to withstand temperatures to 190*F and pressures

to 200 psi.

Final Definition of Hose Evaluation Criteria

Once the market survey and the theoretical analyses were completed,

a meeting was held with Navy representatives of the Experimental Diving Unit

to define the final hose evaluation criteria. These criteria would be used

to judge the most suitable hoses for Navy use.

Some of the criteria were easily quantified so that potential

hoses could be evaluated purely on manufacturer's information. With other

criteria, it was not as easy to determine if a potential hose would be suit-

able or not. Items on the final list are explained in the following paragraphs.
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Size -- 1/2-Inch I.D. hoses only would be considered.

This size is most suitable for the 2-4 CP4

flows required for individual diver umbilicals.

Bell umbilicals (3/4-inch and 1-inch I.D.)

would be considered on a special basis.

Pressure -- 200 Psig working pressure, 800 psi burst

pressure minimum. Although pressures this high

would probably not be encountered, the extra

insulation and factor of safety of this rating

justifies any additional weight or cost.

Temperature -- 0 to 190*F. Hose should be capable of extended

exposure to salt water at 190OF and should remain

flexible at 0°F.

O.D./I.D. Ratio - Should be as large as possible for long umbilicals.

Smaller ratios for short umbilicals or "whips" are

acceptable.

Flexibility -- Should be flexible but not liable to collapse

during normal handling.

Weight -- Weight of hose in sea water should be as close to

zero as possible. A negative weight (floater) is

less desirable than a positive weight hose. The

characteristics of the hot water hose should be

considered in respect to the characteristics of the

other hoses, cables, etc., in the umbilical assembly

however. A heavy hose might serve well when incor-

porated in an otherwise bouyant umbilical.

Tube Material -- Compatible with 190*F sea water and dilute concen-

trations of oil.

Braid-- Synthetic fiber braid or spiral wrap. Natural

fiber and carbon steel braids are too susceptible

to degradation in a sea water enviroment.
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Cover Material -- Compatible with sea water, detergents, and strong

concentrations of oil. Resistant to ozone, UV

radiation and weather checking.

Color -Any color is acceptable, however, the carbon black

pigment used in black hose is generally considered

to provide superior weathering characteristics.

Length -- Continuous lengths preferable but purchases in

reel lengths is acceptable if individual umbili-

cals can be assembled with no more than two splices.

Cost -- No maximum costs specified but lover priced hose

is preferable if quality Is comparable.

Selection of Most Suitable Hoses

After completing the above steps, it was a straightforward procedure

to select the most suitable hoses for divers' heating. The hoses which were

selected appear to satisfy all of the established requirements. They may,

however, vary in durability or heat insulation-characteristics which are diffi-

cult to measure without laboratory or field evaluations.

In addition to selecting hoses based on information available from

manufacturers, sample lengths of hoses were obtained for visual examination.

No discrepancies from manufacturer-provided information were noted with any of

the samples. The samples were labeled and delivered to the Navy Experimental

Diving Unit.

!.
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