Hypothetical Ships from the 1980's

A Battlecruiser with 20 inch Guns
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The original concept for this ship was to have an "all-or-nothing" armoring scheme, with 20-inch guns, in only two turrets.  The idea was to have relatively high speed for the battlecruiser, 33 knots, with thinner armor than the battleship design for the same building program.  The ship is really very small for the armament specified. Apparently, 33 knots is beyond the constraints of the design as described here.  Possibly, by giving finer lines and a lower displacement, higher speed could be obtained.  That will be explored as an alternate sketch design.

Length on the waterline:
1050 feet

Beam:


120 feet

Mean draft:

 37 feet

Prismatic coefficient:
 0.585

Midship coefficient:
 0.975

The cost was estimated to be £150 per ton, designed displacement. Thus, one of the battleships would have cost £11,396,100.  By 1927, the cost might have been as high as £200 per ton, so that the total cost for one of these battleships could have been £15.2M or more.

Construction time would be three years, from keel laying to launch, with a 4-1/2 year total time duration from keel laying to completion.
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             Original sketch of 75,974-ton battlecruiser with 8-20 inch guns in two quadruple turrets

Form

Characteristics at normal load

	Length
	1050 ft

	Beam
	120 ft

	Draft
	37 ft

	Prismatic Coefficient (Cp)
	0.585

	Midship Coefficient (Cm)
	0.975

	Block Coefficient (Cb)
	0.580

	Displacement
	75,974 tons


Characteristics at deep load

	Length
	1050 ft

	Beam
	120 ft

	Draft
	39ft-5in

	Prismatic Coefficient (Cp)
	0.591 (est.)

	Midship Coefficient (Cm)
	0.977 (est.)

	Block Coefficient (Cb)
	0.616

	Displacement
	81,870 tons


Weight Analysis

We will divide the weights into groups, and estimate the weight assigned to each group.

Legend Condition

	Weight Category
	Tons

	General Equipment
	2279

	Armament
	7807

	Machinery (20.58 SHP/ton)
	18312

	Engineers Stores
	380

	Oil Fuel
	1200

	Protection
	16487

	Hull
	29192

	Board Margin
	317

	Total
	75,974


Ordinary Deep Condition

	Legend Displacement
	75,974

	Plus General Equipment
	379

	Plus Oil Fuel
	2000

	Plus Reserve Feed Water
	3115

	Plus Water in Overflow Tank
	402

	Total
	81,870


Extreme Deep Condition

	Ordinary Deep Displacement
	81,870

	Oil Fuel
	3000

	Total
	84,870


Light Condition

	Legend Displacement
	75,974

	Minus General Equipment
	2279

	Minus Engineers Stores
	380

	Minus Oil Fuel
	1200

	Total
	72,115
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            Profile of 75,974-ton battlecruiser showing machinery layout and armor belt size

Armament

	20in/45 (tons)
	240

	6in/50 (tons)
	9

	4in/50 (tons)
	2.15

	8-20in/45 (tons)
	1920

	16-6in/50 (tons)
	144

	6-4in/50 (tons)
	12.9

	Total guns (tons)
	2077

	Guns and mountings (tons)
	4777

	Guns, mountings, and turrets (tons) 
	8623


	20in/45 Gun
	

	Weight of Piece (tons)
	240

	Length of Piece (feet)
	75

	Muzzle Velocity
	2650

	Shot Weight (APCBC) (lbs.)
	4500


	6in/50 Gun
	

	Weight of Piece (tons)
	9

	Length of Piece (feet)
	25

	Muzzle Velocity
	2800

	Shot Weight (APCBC) (lbs.)
	100


	4in/50 Gun (AA)
	

	Weight of Piece (tons)
	2.15

	Length of Piece
	16ft.-8in.

	Muzzle Velocity
	2800

	Shot Weight (lbs.)
	32
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             Profile of quadruple 20-inch gun turret
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             Plan view of quadruple 20-inch gun turret

20inch Gun Turrets

	Turret
	Area 

(Sq ft)
	Thickness (inches)
	Weight (tons)

	Angled Face (45°)
	529.6
	14
	132.4

	Flat Face
	100
	14
	25

	Front side angle
	683.6
	11
	134.3

	Rear side angle
	1308
	7.5
	175.2

	Rear 
	750
	7.5
	100.4

	Roof
	3695
	8
	527.9

	Floor (outside base)
	1297.6
	7
	162.2

	
	
	
	

	Total
	
	
	1257.4

	Two turrets 
	
	
	2514.7


6inch Gun Turrets

	Twin 6in Turret 
	Area 

(Sq ft)
	Thickness (inches)
	Weight (tons)

	Face 
	104
	4
	7.4

	Front Side Angle
	2 × 107.6
	4
	9.5

	Rear Side Angle
	2 × 116.28
	2.5
	10.4

	Rear
	120
	2.5
	5.4

	Roof
	414
	3
	22.2

	Floor Outside of Base
	148.34
	2.5
	6.6

	
	
	
	

	Total
	
	
	61.4

	Total for 8 turrets
	
	
	491.4
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            Twin Six-Inch Gun Turret

	4in gun shield
	Area 

(Sq ft)
	Thickness (inches)
	Weight (tons)

	Face 
	38.2
	2
	1.4

	Sides
	105.45
	2
	3.8

	Top
	46.7
	2
	1.7

	
	
	
	

	Total
	
	
	6.8

	Total for 6 guns
	
	
	40.8
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           4 inch/50 AA Mount

Protection (Excluding Turrets and Gun Shields)

	Description (non-armament)
	Thickness

(inches)
	Width

(feet)
	Length

(feet)
	Multiplier
	Weight (tons)

	Belt (inclined 15 degrees outward)
	14
	10
	540
	2
	2700

	Lower Deck Slopes
	4
	10
	540
	2
	771.4

	Lower Deck, Flat
	2
	100
	540
	0.85
	1639.3

	Upper Deck, Flat
	4
	100
	540
	0.85
	3278.6

	Upper Deck, Slopes
	4.625
	10
	540
	2
	892

	Conning tower sides
	14
	10 Height
	20

Diameter
	3.1415926
	157.1

	Conning tower top
	8
	10 Radius
	10

Radius
	3.1415926
	44.9

	Conning tower floor
	8
	10 Radius
	10 Radius
	3.1415926
	44.9

	Conning Tower comm. tube
	6
	49 Height
	8 Diameter
	3.1415926
	131.9

	Anti-Torpedo Bulkhead
	1.5
	37
	540
	2
	1070.4

	"A" 20 inch gun barbette
	11
	25 Height
	60 Diameter
	3.1415926
	925.7

	"B" 20 inch gun barbette
	11
	34 Height
	60 Diameter
	3.1415926
	1258.9

	8-6 inch gun turret bases
	4
	18 Height
	20 Diameter
	16 Bases×

3.1415926
	1292.5

	Funnel Bases
	2
	29 Height
	15 Radius
	3.1415926
	1464.2

	Lower Deck, Aft
	3
	90
	150
	0.68
	491.8

	Forward Bulkhead
	10
	100
	9 Height
	1
	147.5

	Aft Bulkhead
	10
	100
	9 Height
	1
	147.5

	Total armor (non-gun house)
	
	
	
	
	16459


       Cross section, amidships, showing compartmentation and armor

Propulsion Calculations

	Length (L)
	1050 feet

	Beam (B)
	120 feet

	Draft (H)
	37 feet

	Midship Coefficient (Cm)
	0.975

	Block Coefficient (Cb)
	0.570

	Displacement (D)
	75,974 tons

	Speed (V)
	32 knots


A.  Residuary EHP

	
	Ship
	Taylor Data
	Interpolation Factor

	Prismatic Coefficient
	0.585
	
	

	Displacement-Length Ratio (D/(0.01L) 3)
	66.751
	
	

	                                          _

Speed-Length Ration (V/√L)
	0.988
	0.95
	0.988 - 0.95

————— = 0.76

1.00 - 0.95



	
	
	1.00
	

	B/H
	3.243
	3.75
	3.243 - 2.25

————— = 0.662

3.75 - 2.25



	
	
	2.25
	


	B/H Data

Series
	Curve for _

V/√L
	Cr Value

From Curve
	Taylor

Reference

(1943 edition)
	      _

V/√L

Interpolation
	B/H

Interpolation

	3.75
	1.00
	5.9
	P.229
	(5.9 - 4.0) × 0.76 + 4.0 = 5.444


	(5.444 - 4.626) × 0.662 + 4.626 = 5.168 = Cr

	
	0.95
	4.0
	P.228
	
	

	2.25
	1.00
	4.95
	P.203
	(4.95 - 3.6) × 0.76 + 3.6 = 4.626
	

	
	0.95
	3.6
	P.202
	
	


Residuary Resistance Coefficient (Cr) = 5.168

Constant multiplier to obtain the EHP = 0.0030707 (Taylor, 1943 Edition, p.62)

Residual EHP = Cr × 0.0030707 × 75,974 tons × 32 knots = 38,581

B.  Frictional EHP

                                                                                          ___________________

Wetted Surface (S) = Estimated Surface Coefficient × √ Length × Displacement

Estimated Surface Coefficient = 16.0

Length = 1050 feet

Displacement = 75,974 tons

                    ____________

S = 16.0 × √ 1050 × 75,974 = 142,904 square feet

Kinematic viscosity for salt water at a temperature of 59º F   υ = 1.2817 × 10-5 

Conversion from Knots to feet/second = 1.689

                                           v × L      1.689 × V × L

Reynolds Number (Rn) =  ——  =  —————— = 131778 × V × L = 131778 × 32 × 1050 = 4.428 × 109
                                             υ           1.2817 × 10-5

To obtain the Schoenherr frictional resistance coefficient (Cf), consult the Gertler appendix for the 109 Reynolds number values.  Then, we will use the value for "4.4," in the "0.03" column, since the Reynolds number is 4.428 × 109, and that is the closest column entry.  The value is 3.362, which we must multiply by 10-3, as noted below the heading.

Roughness-allowance coefficient (ΔCf) = 0.400 × 10-3
Constant 

Frictional EHP
= (Cf  + ΔCf) × 0.00872 × S × V3 



=  (0.003362 + 0.0004) × 0.00872 × 142,904 sq. ft. × (32 knots)3 = 153,614

 C.  Shaft Horsepower

 We will assume a propulsion efficiency of 0.51 for our ship.

             EHPf + EHPr            38,581 + 153,614

SHP = —————— =   ———————  =  376,853 SHP for a speed of 32 knots

                   0.51                         0.51
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